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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 eavironmental
properties of the Moon consistent with the scientific cbj=ctives of the Apollo
Frogram. The ALSEP comprises scient fic experiment pickages with supporting
subsystems. ALSEP will be transported to the i:inar surface aboard the Apollo
Lunar Module (ILM). The ALSEP :.ill re:nain 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 ALSEF mission and
system in Section I, subsysterns 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 Apo!lo Scientifir Experiments Package (EASEP) Progiam. Consequently,
any reference to Flight 2 in this manual iz no longer applicable.

The information contained in this revision of the ALSEP Flight Sys..m Familiari-
zation Manua: includes formalized data released and available prior co the publi-
cation date, 15 April 1969,
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SECTION 1

ALSEP MISSION DESCRIPTION

1-1. ALSEP MISSION INTRODUCTION

The Apollo Lunar Surface Experiments Package (ALSEP) is a group of sciantific
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 PROFIL. .

The ALSEP will be transported from Earth to the Moon in the Apollo spacecraft
manned by three crewmen. The Apollo spacecraft consists of three nasic mod-
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 exteriovr of
the LM as shown in Figure 1-1,

A Saturn V launch vehicle will place the Apollo spacecraft in lunar orbit. Two
crewmen will transfer from the CM to the LM for lunar descent. The third crew-
man will maintain the command and service module coinbination (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 or.+t, 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). Commands from Earth and automatically
generated commands will direct ALSEP operation.

1-1
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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 of 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 to acquire lunar physical and environmental data and trans-
mit the information to Earth. The ALSEP is deployed on the lunar surface by the
Apollo crewmen as describ 1 in Section IV of this manual. Different configura-
tions of the ALSEP will be used on the different Apollo flights as specxfxed 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 systemn are mounted in two
subpackages as shown in Figure 1-1 for storage and transportation in the LM,
Tle fuel cask (part of the electrical power subsystem) is attached to the LM

. Subpackage No. 1 for Flaghts 1 and 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 thhts 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. :
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Table 1-1.

ALS_P 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 i
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.

c. the radioactivity of material at
various lunar depths, and

d. the thermal history of the Moon. |

Passive Seismic Experiment - Uses
three long period sensors in an
orthogonal arrangement and one
vertical short period sensor,

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 Ion Detector Experiment-
Detects positive ions 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 squrces
(grenade launcher assembly and
thumper device) and detection equip-
ment (geophones and amplifiers).

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

Sia TR e o AL s Wl m A s i s i3 p

X
P
4

e — I brmvosmeamst s 3 A s

e g

\ eemmda e -



ALSEP-MT-03

4
@ Table 1-1. ALSEP Scientific Objectives (cont)
: Measurement Objective Experiment/ Measurement Method
Composition of lunar atmosphere Charged-Particle Lunar Environment
(electron/proton energies) Experiment - Detects and monitors

particle energy levels using two
sensor assemblies (analyzers).

Pressure of ambient lunar atmos- Cold Cathode Gauge Experiment -

phere including temporal varia- Senses lunar atmospheric density

tions either random or associated variations using a transducer to

with lunar local time or solar effect conversion of particle quan-
' activity, tity to direct current.

Table 1-2. ALSEP Experiment Subsystem Flight Assignments

Experiment Flights ] 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
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f 1.6. ALSEP FUNCTIONAL DESCRIP TION @

The ALSEP objective of obtaining lunar physical and environmental 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 I'lorida,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 experime: : and engineering
housekeeping data., The MSFN stations will record the downlirk 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 L'M in

3 transport and in the lunar environment (- 300°F to +250°F). This includes packag-
1 . ing, structural support, and isolation from heat, cold, shock, and vibration. A
dust detector monitors accumulation of lunar dust.

B

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 distr’bution to the support and experiment subsystems.
Analog housekeeping data from: the electrical power system is supplied to the data
subsystem for downlink telemetry. '

'1-9. Data Subsystemn. 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, ther-~.al 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,

o
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Figure 1-7. ALSEP System, Simplified Block Diagram
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1-10. Passive Seismic Experiment Subsystem. The passive seismic experinient (:
. (PSE) will measure seismic activity of the Moon to obtain information regarding

3 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
to sensitive transducers.

1-11. Magnetometer Experiment Subsystem. The magnetometer experiment (ME)
will provide data pertaining to the rnagnetic 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 v
and subsurface magnetic material near the magnetometer site will also be
- detected.

1-12. Solar Wind Experiment Subsystem. The solar wind expcriment (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 ot de'ected 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 Subsystern. 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 attenuatmn 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
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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-

i 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-

! g face by the astronaut using the Apollo lunar surface drill (ALSD). The heaters

‘ produce a heat pulsc 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 neat 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

v 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 provide 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

i some cases in conjunction with one or more co-investigators, The investigators,
identificd by experiment, and whether the experiment is government furnished

] equipment (GFE) or contractor furnished equipment (CFE) are listed on

3 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

1-20 .

ALY

CFE

GFE

GFE

GFE

CFE

CFE

Dr. Gary Latham -
Laraount Geological Observatory
Dr. (George Sutton -
University of Hawaii
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 Laboratory
Dr. Douglas Clay -
Jet Propulsion Laboratory
Mrs. Marcia Neugebauer -
Jet Propulsion Laboratory

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. Langseth -
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 II

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:

a. Structure/thermal subsystem

b. Electrical power subsystem (EPS)

c. Data subsystem (DS/S)

d. Passive seismic experiment subsystem (PSE)

e. Magnetometer experiment subsystem (ME)

f. Solar wind experiment subsystem (SWE)

g- Suprathermal ion detector experiment subsystem (SIDE)
h. Active seismic experiment subsystem (ASE)

i. Heat flow experiment subsystem (HFE)

J- Charged particle lunar environment experiment subsystem (CPLEE)
k. Cold cathode gauge experiment subsystem (CCGE)

1. Apollo lunar hand tools subsystem (ALHT)

‘m. Apollo lunar surface drill (ALSD)

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 storage, 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

Component

Characteristic

Value

Subpackage No. 1
Structure

Subpackage No. 2
Structure

Fuel Cask Support

FTT
UHT
DRT

Antenna Mast

" (two sections)

Dust Detector

Sensor Package

Circuit Board

Size (inches)

Weight (pounds)

Size (inches)

Weight (pounds)
Size (inches)
Weight (pounds)

Length (inches)
Weight (pounds)

Length (inches)
Weight (pounds)

Length (inches)
Weight (pounds)

Section length (inches)

Basic diameter (inches)

Weight (pounds)

Power Requirements
- On mode

Off mode
Analog Outputs

Size (inches)
Weight (pounds)

Size (inches)
Weight (pounds)

26,75
27.37

6. 87
24, 86

Tt

25. 87
27. 14

3.37
25.15

ool N o

H 28.86
D 12,25
19. 60

24.12
1.51

26. 50
0. 82

23. 67
0.65

20. 75
1.75
1. 30

540 mw maximum,
+ and -12 vdc.

70 mw maximum,
+ and -12 vdc.
0'to +5 vdc.

1.7 x 1,75 x1.75
0. 35

3.3x 6.1
0. 26
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2.4, STRUCTURE/THERMAL SUBSYSTEM FUNCTIONAJL 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
E points for mounting, boom attachment assembly, experiment subsystems, and

, ’ associated equipment. The sunshield, side curtains, and reflector are raised
] - N during deployment to provide thermal protection for the central station elec-
”I

L R N g T )

Zavigh

tronics.

Thermistor temperature detectors monitor thermal bag, primary structure, and
v 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. It provides tie points to mount experiment and support sub-
systems, and to secure the subpackage in the SEC 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 fuzl cask structure assembly consists

; of the structure, thermal shield, cask bands, and cask guard as shown in Fig-

3 ure 2-3. The structure provides tie pcints 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.

T I}

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.

e

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

2-3
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Figure 2-1. Structure, Subpackage No. 1
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Figure 2-2. Structure, Subpackage No. 2

i 0 Figure 2-3. Fuel Cack 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 t.ol tip engages the socket-head
Boydbolt fasteners to rotate and releasz the bolt. A ball typce luocking device pro-
vides rigid interface between the tool and a receptacle on the subsystem. Oper-
ation is by a trigger-like lever near the handie.

2-9. Antenna Mast. The antenna mast is 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 th.- * indle for the bar-hell
carry of the ALSEP subpackages to the deployment site . .s then attached to
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 thermal 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
photacelils orientated on three sides to face the ecliptic path of the sun.

Figure 2-5. Antcnna Mast Sections
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SOLAR CELLS 6

DUST DETLCTOR
SENSOR PACKAGE

-

\;————CABLE

Figure 2-6, Dust Detector

Each cell has a 2 cm by 2 ¢m active area which is protected by a blue filter to cut
off ultraviolet wavelengths balow 0. 4 miicron, and a cover slide for protection
against radiation damage. A thermistor is attached to the rear of each photocel:
to monitor the temperature of the cell. The sensor package is connected through
an H-film cable to the printed circuit board which is located in the power distri-
bution unit (PDU) of the data suhsystem.

2-12. Dust Detector Functional 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 tu three subcommutated analog data channels of the data
(See Figure 2-7.) The thermistor outputs are applied to three sub- °

subsystem.

commutated analog data chanr .l1s of the data subsystem,

Dust detector operation is controlled by on and off commands from the Earth.
These commands are applied to the comrnand memory through the data subsysten..

The command memory stores the command and controls the opcra.icn of the power
switches in accordance with the command. The two solid state switches control
the application of. +12 vdc and -12 vdc operating power trom the data subsystrm.
Individual fusing protection is provided on each of the two voltages.

2-8
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Figure 2-7. Dust Detector, Simplified Block Diagram
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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 2 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 ruclear 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 FUNCTIO!MAL DESCRIPTION

4 memmars a2 Sa
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@ Table 2-2. Electrical Power Subsystem Léading Particulars
Component Characteristic Value
Radioisotope Output power 63 to 74 watts
Thermoelectric Output voltage 16.1 = 0.5 vdc
Generator Hot junction

Fuel Capsule

Power Conditioning
Unit

Fuel Cask

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

-18. 12 inches

900 to 1100 deg. F

350 to 550 deg. F

16 inches
28 pounds maximum

16. 92 inches

2.6 inches (except end
plate)

15. 46 pounds maximum
1430 to 1520 watts

429 vdc at 1. 19 amps
+15 vdc at 0. 08 amp
+12 vdc at 0.30 amp
+5 vdc at 0.90 amp
-6 vdc at 0.05 amp
-12 vdc at 0. 15 amp

*1]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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ASTRONAUT CONTROL ALSEP 3
POWER =+ OPERATING
CONDITIONING VOLTAGES
FROM DATAmLGULAND2 oo
SUBSYSTEM SELECT
COMMANDS
+16 VOLTS TO DATA
TEMPERATURE, [ SUBSYSTEM
RADIOISOTOPE VOLTAGE,
THERMOELECTRIC fee,. CURRENT
GENERATOR STATUS

/

Figure 2-9. Electrical Power Subsystem, Functional Block Diagram

The astronaut control is a back-up signal for starting the PCU. PCU #1 and
PCU #2 select commands from 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 Radioigotope 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 convérsion
b. Voltage regulation
c. RTG protection,

The PCU contains redundant power conditioners. As shown in Figure 2-11, each
power conditioner consists of a dc-to-dc power converter (inverter and rectifiers),
which converts the RTG 16-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 gencrator over-.
heating. -y

2~ 14
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COLD FRAME TEMPERATURES

- { TODATA
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 it to supply ac power to the
rectifiers that develop tke 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. The filter oatputs, +29, +15, +12, +5, -12, and -6 volts, areall
- applied to the data subsystem.

3 Analog voltages from the inverters provide temperature signals. Voltages from
the shunt regulators provide curr ent, 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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Figure 2-11 EPS Power Regulation Function, Block Diagram
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2-24. DATA SUBSYSTEM

The data subsystem is the focal point for control of AISEP experiments and the
collection, processinyg, and transmission of scientific data and engineering status
data to the Manned Snace Flight Network (MSFN)., 7o accomplish the basic
functions of (a) reccption and decoding of up!ink (Earth-to-Moon) commands

{b) timing and control of experimenti subsystems, and (c) the collection and trans-
mission of downlink (Moon-to-Earth) scientific and engineering data, the data
subsystem consists of an integration of units interconnected as shown in I'ig-

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) N
ANTENNA
‘ " §' coMMaND DIPLEXER{ " . TRANSMITTER
RECEIVER & SWITCH ¥ (A AND B)
4 4
l POWER
i TNERJ e DISTRIBUTION
) s :
COMMAND g~ - DATA .
’ DECODER PROCESSOR
C (X AND Y) :
o v t ' .
COMMANDS TO ELECTRICAL . SCIENTIFIC AND '
EXPERIMENT AND POW ER ' ENGINEERING DATA
SUPPORT SUBSYSTEMS  TO ALL FROM EXPERIMENT
: SUBSYSTEMS AND SUPPOR T SUBSYSTEMS

s Figure 2-12, D.abi Subsystem, Simplified ﬁlock Diagr‘ax.n: .
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Table 2-3. Data Subsystem Component Functions

Component Function

Antenna Provides simultaneous uplink reception and
downlink transmission of ALSEP signals.
Diplexer switch Connects either trans.mitter 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 analoyp
housekeeping data into binary form

Power distributior. 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 to and from each
component via the harness. Coaxial cables connect the command receiver 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 control 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 ‘emperature

2-18 .

B A O P TR Y RT ., Yo any - v




e N R TP A T TR D e e -

ALSEP-MT-03

status data. Manual control switches are provided as a backup to permit the
astronaut to start system operation in the event of uplink failure.

The overall weight of the data subsystem is approximately 25 pounds and the
power consumption is approximately 20 watts.

CENTRAL STATION

DATA
l SUBSYSTEM

s e -

TRANSMITTER A
ACTIVE

1
TRANSMITTER B : .—-——.l
l
I
I

I DIPLEXER SEISMOMETER
ELECTRONICS
: SWITCH DIPLEXER
FILTER i
| ===T—n
| COMMAND
DATA
| RECEIVER PROCESSOR COMMAND '
LJ DECODER |
e oumue wmEw e '
POWER —]il 1 _— 1)
CON- POWER = — c— ?-———T — e
DITIONING || DISTRI- r
UNIT BUTION | ANALOG
UNLT | mortr- | |
i =< PLEXER | | PASSIVE
| ! SEISMOMETER
| 0 l ELECTRONICS
| : |
1 !
— o

/

Figure 2-13. Data Subsystem Componj‘,‘r;t Location

L4

: )
2-26. D.ATA 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 command re-
ceiver, decoded by the command decoder, and applied to the experiment and
support subsystems as discrete commands. The discrete commands control
experiment and support subsystem operationr and initiate commmand verification
functions. Table 2-4 lists the uplink commands by subsystem termination,

2-19
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Table 2-4, ALSEP Commands

Command Usage 4 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

——
NV AN OO WUmN

(\V]

Dorvnlink data consists of analog and digital data inputs to the data processor frcm
the experiment anc support subsystems in response to periodic demands from the
data processor, Scientific inputs to ‘he data processor from the experimeni sub-

"sys‘em 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 rarameters. The data processor
accepts binary and analog data from the expeiiment 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 tl.e diplexer switch and routed to the antenna .

for downlink transmission to the MS¥N.

Figure 2- 14 shows a functional diagram of the data subsystem and its interfaces
with other ALSEP subsystemns for Flights 1 and 2. Figures 2-15 and 2-16 show
functional block diagrams of the Flight 3 and Flight 4 ALSEP systems. The later
{iight configurations are similar to the Flight 1 and 2 configuration except for the
selection of experiments., Reduncdant channels are provided for the transmitter
and portions of the command decoder and data processor 0o 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 ! KHz

-subcarrier to the command decoder. The coramand 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 codes, 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
commend 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 multiplexer processes the analog inputs and applies them to the inputs of
redundant analog-to-digital converters (X and Y). The -igital 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 tre experiment
subsystems.

The digital data processor generates timing and control signals for use through-
out the system and formats the scientific and engincering 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 iine 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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T'able 2-5 Antenna Leading Particulars

Characperistic Transmit Receive
Gain-;f‘
on bnresight 15.2 db 14.7 db
beamwidth at 11.0 db gain 36°
beamwidth at 11.5 db gain 33°
Axial ratio 1.3 db 1.0db
Input VSWR 1.20:1 1.20:1
Sidelobe level ' -11 db -11.3 db

*Antenna 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-
tem 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 £50°, respectively. The circular bubble level is set
by two screw adjustments giving a range of +6°from the horizontal with a sensi-
tivity of 1° per revolution of the adjustment handle. The antenna aiming pro-
cecure is described in detail in Section IV.

The antenna and aiming mechanism a:e 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 lowez face of a groove cut
into an extendud 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 O
The diplexer consists of the diplexer filter and the diplexer circulator switch,
2-32. Data Suksystem 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

commmon path antenna lowpass filter. The threc filters arec coupled at a common
junction at the end opposite the circulator switch, receiver, and antenna ports. .
The input and output connectors are miniature, coaxial, right-angle connectors

made of gold-plated stainless steel. Matching impedance for the antenna, trans-

mit and receive connectors is 50 ohms. Leading particulars of the diplexer filter

are listed in Table 2-6. M
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Figure 2-18, Data Subsystem Diplexer Filter
The diplexer swilch consists of three circulators, two loads, and three external
ports. The circulator uses copper-clad diclectric 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. Q?
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Table 2-6. Data Subsystem

praspmmn.

Diplexer Filter Leading Particulars

Characteristic

Value

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

Transmitter path (includes band-pas

s and low-pass filter)

Form factor

Insertion loss 0.70 db

VSWR 1.10:1

Center frequency 2275-2280 MHz
Max 3 db bandwidth 45 MHz

Min 3 db bandwidth 4.5 MHz
Power handling capability .20. 0 watts
Weight 0. 9 pounds

6.8 x 2.5 x 2.5 inches

Table 2-7. Data Sabsystem

Diplexer Switch Leading Particulars

O

Insertion loss 1.30 db

VSWR 1.10:1

Center frequency 2119 MHz .
Max 3 db bandwidth 11,0 MHz

Min 3 d:., bandwidt:. 11.0 MHz

Characteristic Value

Insertion loss 0.5 db

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 (position A) 0

Switching time 120 milliseconds «
RF power capability 1.5 watts

Weight 1. 28 pounds

Stray magnetic field (steady-state) 10 gamma at 3 feet

Form factor 4 x4.5x 1,3 inches y

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. The low-
pass filter is an unnalanced ladder filter intended to augment the transmitter
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bandpass filter in suppressing the above-center-{frequency spurious transmitter
outpuis, 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 isolalion 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 Suksystem Command heceiver Fhysical 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.
Modulc interconnections are routed through channels milled into the base plate,
Receiver leading particulars are listed in Table 2-8.
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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 figuia
Local oscillator frequency
Intermediate frequency
IF 3 db bandwidth
\
IF rejection

Demodulation linearit)'r

Audio output level

Output polarity

Output impedance

Output frequency response
Output signal-to-noise ratio

Supply voltages
Supply power

Telemetry outputs

Test points

Weight
Form factor

.2119 MHz +.001%

R0 chms at 2119 MHz

~101 dbm to -61 dbm

1.5:1 max at 2119 MHz 1 MHz

2.0:1 max at <119 MHz +10 MH:.

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 f, £ 100 KHz

" Better than +10% at £, 175 KHz

0. 8 volt per radian % 12. 5% for input sxgnals 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 vdc :tll%, -6 vdc £1%

1. 32 watts maximum (1. 25 watts nominal

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

(2.5 vdc ncminal, 5 vdc max)

a) Crystal temperature for local oscillator
A ON-OFF

b) Crysta! temperature for local oscillator
B ON-OFfI

c) Local oscillator RF pO\x er level

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

e) 1 KHz subcarrier presence

.a) Local oscillator RF output

(local oscillator frequency)
b) Pre-limiting IF output (bandpass
and noise figure)
c) Disgcriminator output (demodulation
linearly)
}. 84 pounds -
€.0x4. aﬂnches mounting surface by
1.75 ch\es* in height exclusive of
connectors -

QL
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2- 36, Dﬁz_a_“ubsystem Command Receiver Fuanctiona) Description. Figure 2-22
shows a detailed block diagram of the comumand receiver. The 2119 MHz pnase-
modulated u;;l ink arrier is received by the central station antenna, coupled
through the diplexer, and applied to the command receive. mixer. The input sig-
nal is mixed with a crystal controlied 2059 MHz local oscillator signal to produce
a 60 MHz intermediate frequency signal. Two local oscillator /driver am ifier
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 a stripline hybrid which is the redundancy combiner for the redun-
dant local oscillators. From the hybrid, the 2059 MHz local oscillator frequency
is applied to the mixer.

The level sensor and local oscillator 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 ainplifier 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 i's 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 I't1 detection, The integrator circuit in the output amplifier and
integrator module provides phase detection of the FM detected 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 ou,tpu-t characteristics are shown in Figure 2-23,

Momtormg 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 1 KHz subcarrier.

} . : i P B

2-37. DATA SUBSYSTEM GOMMAND DECODER

The command decoder receives the cor'ribined 2'KHz command data subcarrier and
1 KHz synchronization signal from the command receiver, demodulates the sub-
carrier to provide digital timing arnd cémmand data, decodes the command data,
and appiies the discrete cammands requn‘ed to control ALSEP operations,

2-38. Data Subsystem Command Decode* Physmal Des .nptmn Figure 2-24
shows the command decoder. Multilayer prin.ed circuit boards are used through-
out the command decoder. The unit contains four 12-layer boards,  four six-layer
boards, one three-layer board,. arid ‘onec two-layer board. Lea.dmg particular of
the command decoder are listed 1n Table 2-9. p f i
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Figure 2-24. Data Subsystem Command Decoder

B el

Table 2-9. Data Subsystermn 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

deccder consists of a demodulator section and digital decoder sections, Fig-
ure ¢-25is a functional block diagram of the command decoder.

The demodulator accepts the composite audio subcarrier from the command re-
The composite audio subcarrier is the linear sum of the data and syn-

ceiver,

chrorization subcarriers, where the 2 KHz 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 threc scctions; the sync detection

section, the data detection section, and the threcshold 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 KHz input with a 1 KHz reference
signal. The filtered sync phase detector output is used to control the vperation of
the oscillator. This technique establishes phase lock-9n within 18 milliseconds
after the audic input is applied. Synchronized 1 KHz, 2 KHz and 4 KHz signals
are applied to the digital section for sub-bit timing purposes. Each one-
millisecond timing interval can be partitioned into eig . parts.

Data detection and extraction is accomplished in the data dctection 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 {lip-flop,
parity check circuitry, an eight-stage shift register, 100 command decoding gates,
and a delayed command sequencer.

To improve th: 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 .elayed 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 cornr-
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 firrt 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 comrmand 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 reccives 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 transmltted as a 61-bit mrssage with the
following format:

a. Prearnble ° .' 20 bit minimum (all zeros or ‘all

. ' 4 ' " - .7 -ones for synchronization) .

b. Decoder address 7 bits (selects decoder subsection)
c. Command complement 7 bits (for panty check)

d. Command =~~~ - 17 bits

e. Timing v © 20 bits (all 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-
b1t command group.

Seven address bits are useéd 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 Podes have been selected as follows

. ‘ ~ N

o 'ALSEP ‘'Address .. Binary Weighted * Commahd

No. Code No. " Code Pattern Decoder No. : -
Vo . R . '»8'8'. P 1011090' . c 1A . e
"\ i Lt '24:‘- Ve oo .:0*0‘11000 Pt e 1B ¢ - B
. 2 S L & . ‘100111.0. R 2A .
2 14 0001110 2B
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ALSEP Address Binary Weighted Command ‘
No. Code No. Code Pattern Decoder No. C:?)
3 105 1101001 3A
3 4] oiol1o001 3B
4 21 001010G1 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 N
bit-by-bit parity check over the command complement 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, :11, 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
., ¢. 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.

O
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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 oscillator temperatures.

Table 2-10. Data Subsystem Delayed Command Functions

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

59 Uncage PSE ",
72 Execute CCIG seal break 96 hours + 3 minutes
82 Blow SWE dust cover 96 hours + 4 minutes
71 Set SIDE blow dust cover "
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 prédetermined 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 lcng life
mercury :ell 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 more 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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POWER RESET !
CIRGUIT ACTIVATED (‘
ACTIVATE COMMAND NO. 72 )
! TO EXECU1E CCIG ShAL BREAK
4 RESET DELAYED
\ COMMAND
4 SEQUENCER
; 96 Hr +4 Min
f ELAPSED
{ 12 Hr TIMER
NO OUTPUT
PRESENT .
1.  ACTIVE COMMAND No. 82
3 TO BLOW SOLAR WIND DUST
YES COVER.
PULSE SHAPE AND 2. ?g?“gf gOM"(’;Q’ND NO. 71 v
ROUTE TO POWER ET SIDE BLOW DUST COVER, .
\ DISTRIBUTION UNIT . >
) AND PASSIVE SEISMIC
EXP.
NO 96 Hr +5 Min
! _ ELAPSED
NO 96 Hr YES
—_ ELAPSED

ACTIVATE COMMAND NO. 72
TO EXECUTE SIDE BLOW DUST COVER

YES ————
RECOGNIZE PULSE >
SHAPE AND ROUTE 1 : |
MINUTE TIMER OUT- .
3 PUT TO 8 Min COUNTER NO 96 + 12N Hr
| + in
> . ELAPSED
Y.
. YES
NO 96 Hr +2 Min ACTIVATE COMMAND NO. 89
ELAPSED MAGNETOMETER FLIP CAL COMMAND
YES
§ 1. ACTIVATE COMMAND NO. 75 NO 96 + 12N Hr «
{ TO BLOW CHARGED PARTICLE - + 7 Min
DUST COVER. ELAPSED
2. ACTIVATE COMMAND NO. 69
TO SET CCIG SEAL BREAK YES
- 3., ACTIVATE COMMAND NO. 59 -
TO UNCAGE. PASSIVE SEISMIC EXP. ACTIVATE COMMAND NO. 42
to PDU to RESTORE POWER
TO LOWEST PRIORITY EXPERIMENT
i 96 Hr +3 Min §
' NO ELAPSED
REPEAT CYCLE 2 YR
YES _|
DECISION POINT
LEGEND: l l ACTION TO BE TAKEN
Figure 2-27. Data Subsystem Delayed Command Sequence, Functional Flow Chart 0
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720 # 30 Day { OFF COMMAND
-] TIMING -~ TO PDU
SWITCH
12 HOUR 12 HOUR PULSE
arreny Lo conmrotien L riding -
e SWITCH
TO
COMMAND
DECODER
v 1 MINUTE || MINUTE PULSE
+1 TIMING >
SWITCH

Figure 2-29. Data Subsystem Central Station Timer, Block Diagram

delayed command sequencer in the command decoder. The 720-day closure oc-
curs only-.once and initiates a permanent off command to tne ALSEP transmitter,
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 signal-, 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 Suhsystem Data Procs “or 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 ard one three-iayer discrete
component board. Leading particulars are lieted in Table 2-11.

2-46. Data Subsystem Data Processor Functional Description. Functionally,
there are two redundant data processing channels (data process~r X and data
processor Y) which process both analog and digital data. Either processor chan-
nel may be selected to perform the data processing fur.ction. 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) date is applied to the 90-channel analog multiplexer. Fig-
ure 2-33 shows a biock diagram of the analog n.uitiplexer/converter. Multiplexer
channels 1-15 are considered high reliability channels bhecause 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 proceesor
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 tc
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 conve-ters in data processors X and Y. The chan-
nel assignments of the analog multipiexer/converter are listed in the Appendix.

Analog data inputs from the analog multiplexer are received by the analog-to-
digital converter. (See Figurc 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 shiit register which accepts eight
parallel bits from the analog-to-digital converter or eight serial bite irom the
command decoder and serially shifts them as a ten-bit word with zeros insertad
in the two most significant figures. The bits are shifted high order first. Gates
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: Figure 2-31. Data Subsystem Analog Data Multiplexer/Converter
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PROCESSOR "Xt
REDUNDANT UNIT
|

.
L_..._.____]_._«

- RN : . '
' . ! - . ’ i .
[ N : . e _
DECODER _° COMMAND VERIFICATION 4
. . : 90TH FRAME RESET v N = TO XMTR "A"
ANALOG | ANALOG DATA l | Framxz - X&Y -
NALOG - TO XMTR "B"
90 A MULTIPLEXER[ o oo cLocK COUNTER PROCESSOR |~ 72 0 % "o
, DNPUTS - INTERFACE [ o MENTS
. ACTIVE SEISMIC DATA NTRO NA.
9 EXPERDASNTAL LD ? u o yscas e
DATA WORDS OTHER EXPERIMENTAL DATA B} g B
CONTROL _TIMING als
TER
- — - - - - - —— - —48.<
R I_ 5193
. - v
i SERIAL INPUT | |
- P AID DIGITAL DATA | .
. DIGITIZE CONVERTER] HOUSEKEEPING DATA | MuLTIPLEXER [— MODULATOR |
; : TIMING L— TDAING : A
MASTER RESET CMD LOCIC DATA TRANSFER & DATA CL OCK o JconTROL u
NORMAL MODE CMD 4 <l -1 wpst zu3 SYNC WORD INSER WORD
SLOW MODE CMD ala : YNC WO, TION GENERATOR
ACTIVE SEISMIC ON CMD HE
ACTIVE SEISMIC OFF CMD
. i CLOCK | MULTIFORMAT DEMAND | DEMANDS 1
1 COMMUTATOR REGISTER 1
: L PROCESSOR "Y" I
: . NOTE: | POWER DISTRIBUTION UNIT SUPPLIES:
+$ VDC
s +15 VDC
-12VDC
. 2 CONTROL SIGNALS:
EVEN FRAME MARK
: FRAME MARK
- SHIFT PULSE LINE
DEMAND LINE
- DATA GATE
.. 90TH FRAME MARK
Figure 2-32. Data Subsystem Data Processor,
Functional Block Diagram
-
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Table 2-11. Data Subsystem Data Processor Leading Particulars
Characteristic Value
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

width

Length

Weight ) .
Power consumption

2. 62 inches
'4.2 inches
5.9 inches
1.86 pounds N
Approx. 1.44 watts .

- L o r
.

DI

. HIGH .
RELIABILITY
™l chANNELS
(1-15)
ANALOG
DATA
_INPUTS
. 4 NORMA L
=" CHANNELS
oL (16-90)
" ADVANCE -
PULSE
o
DATA '
PROCESSOR

DEMXMEYmACCE,

ANALOG

DATA TO
PROCESSOR

X

A/D CONVERTER

BUFFER

ANALOG
DATA TO
PROCESSOR
Y

BUFFER

A/D CONVERTER

90TH FRAME
PULSE TO

F>ig'\ire‘2-3'3. Data Suiaéy:stéin A:naloé Mﬁltiplexer/C‘t;nverter,"
Block Diagram

* FRAME
COUNTER

.
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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 codig.

The two-Dit 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" jr 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.
Characteristics in Normal ALSEP Data Mode

Data Subsystem Timing and Control Pulse

frame
1060 pulses per
second

Duration* Tiraing Relative to
Pulse Type (ksec) Repetition Rate* 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 dciined 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 psec 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.

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). In the 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. Slow 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 incom:ng 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 thc 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 i<t three ten-bit words are used as a 30-bit control word and a sin-
gle ten-bit word 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 to .ttain 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

10 11 12 13 14 15 16

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

57 -

58 |59 60 61 62 63 64

" X - X - X I X

WORD TOTALS LEGEND

3 x
29 X
12 -

2 °

7 o

4 S

5 1

1 cv

1 H

= Control

= Passive Seismic - Short Period

= Passive Seis..nic - Long Period

= Passive Seismic - Long Period Tidal and one
Temperature

= Magnetometer

= Solar Wind

= Suprathermal Ion Detector

= Command Verification

= Housekeeping

Each box contains one ten-bit word
Total bits per frame = 10 x 64 = €40 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 Xl _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 45

49 |50 51 52 53 .|54 55 56
NA X|  NA X Xl_crlco

57 58 59 60 61 62 63 64

WORD TOTALS LEGEND
3 x = Control
30 X = Passive Seismic - Short Period
12 - = Passive Seismic - Long Period
-2 e = 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
) 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

10
| Figure 2-34. - ALSEP Telemetry Frame Format (Sheet 2 of 3)
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FLIGHT 4

17 |18 h9 20 1 2 |23 R4
CP X| _cp X| NA X|_cp X
25 26 7 28 9 |30 |31 B2

- X - X - X 1 X

33 34 35 36 37 38 39 {0
g  X| e X| e X|_cpl X

41 42 43 4 -1 45 46 47 48
s X - X - X If X

49 |50 |51 52 3 54 55 56

ls7 8 r9 o b1 62 63 o4

WORD TOTALS LEGEND

\
3 x = Control
30 X = Passive Seismic - Short Period
12 - = Pasgsive Seismic - Long Period
2 e = Passive Seismic - Long Period Tidal and one
Temperature
5 I = Suprathermal Ion Detector/Cold Cathode Guuge
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

ALSEP ALSEP . als ALSEP
WORD #1 * WORD #2 L WORD {3

3 6 7 8 9 10 11 12 13 14 15 16 l'll81920212223242526272829"30
1 01 0 0 1

1 2 4 5
11T 0 0 0jo0o 0 O 1 1 1 0 11 0 1| F1 F2 F3 F4 §F5 F6 FIq@ M
L—- BARKER CODE ——’rﬁ"" COMPLEMENT OF BARKER CODE —QL‘ FRAME COUNTER MOUDE

(1. 2.... 89, 0) BIT
- ALSEP Bits/ Samples/
Symbol Name Words Range Sample Second
DA-1 Barker Code and Complement L 2, and NA 22 1.67
bits 1 and 2
of word 3
DA-2 Frame Count Bits 3 t0 9 1-90 7 1.67
inclusive of
word 3
DA-3 Mode Bit Bit 10 of word 3 1.67
Frame Mode Bit Meaning
1 1 Normal data rate
2 1 Slow “ata rate
DA-4 ALSEP ID Bit 10 of word 3 2 1/54

Frame Mode Bit

3 X (MSB)
4 X Data processor
L] X _Serial 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 thiz 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
puises) of one word length and multiples of one word length in duration so that

2-61
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data may be gated from the experiments and command decoder through the split- C}
phase modulator and into the transmitter in a predetermined sequence. The out-

put of the multiformat commutator is applied to the demand register and the con-

trol svord gencrator.

The demand register performs the following functions:

a. Provides memory for the demand signal while tiie commutator is being
swiftched.
L. Acts as a master switch turning off all demands while allowing the format .
generator and all control signals to function normally while in active seismic
mode.
c. Acts as a buffer between the demand decoder assembly eliminating any
gating transients from the demand lines. v

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 subsysiem 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 v
shown in Figure2-37. 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 Subsystern Transmitter Functional Description. Figure 2-38 shows

a block diagram of the transmitter circuit. Transmuitter 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
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COLLECT AND TRANUMIT
ONLY ACTIVE SHISMIC
DATA AT A BIT RATE
OF 10, 699 BP’S

FECEIVED RESET
COMMAND OR
POWER RESET
RECEIVED
ACTIVE

COLLECT AND TRANTMIT
DATA FOR WORD NO. 44

RESET OR RESET NORMAL

RECEIVED

COMMAND OCCUR  MODE COMMAND
DURDN THIS DURING THIS
P R{ RAME TRAME

RECEIVED SLOW
MODE DURING

ECEIV.
POWER

SWITCHING
CONM.A:HD T™RS DURLYG
THIS FRAME

FRAME SEISMIC OF F
COUNTER QUT OF COMMAND
NO SYNCHRONIZATION
WITH THE ANALOG I} INTERRUPT
MULTIPLEXER CON(INUE TRANS- ACLIVE
MITTING ACTIVE SKAISMIC
SEISMIC DATA DATA TRANS-
TRANSMIT UNTIL A SCHED- MISSION
ERRONEOUS ULED END OF 2. 1RANSFER
DATA FRAME FOR THE THE DATA
DATA PROCES- PKOCESSOR
SOR ®CCURS TO THE
NORMAL
MODE
— (1060 BPS)
ANALOG
MULTIPLEXER DATA PROCFSSOR
REACHED THE RETURNS TO LAST
. 90th CHANNEL INSTRUCTED SL.OW
: OR NORMAL MODE
TRANSMIT DATA DID LOSS OF
IN THE NORMAL YEs] FRAME
L.|] MODE UNTIL AN SYNC OCCUR
END OF FRAME NO
OCCURS
.
o starTREW |
DATA FRAME N
i N\
1. GENERATE AND
TRANSMIT CON-
TROL WORD NO. 1
2. ADVANCE THE
FRAME COUNTER
TRANSMIT ER-
‘ TRANSFER THE TRANSFER THE RONEOUS DATA
DATA DATA IN NORMAL
JGENERATE AND TRANSMIT PROCESSOR TO PROCESSOR TO MODE UNTIL
CONTROL WORDS KO, 2 NORMAL MODE THE SLOW 90th FRAME OC-
AND 3 11060 BITS) MODE (830 BPS) CuRs
i ;
COLLECT AND TRANSMIT
WORDS 4 TO THE HOUSE-
KEEPING WORD =
'THE DATA
PLOCESSOR
IN THE IS THE DATA
START THE AnaLoo 10 ] NORMAL N0 NOL  PROCESSOR IN
DIGITAL CONVERSION MODK?, JHE SLOW MODE
OF THE HOUSEXKEEPING YES
DATA | YE3
TRANSFER THE ANALOG '
TO DIGITAL HOUSE- L.‘
KEEPING DATA 1. CONTINUE IN 1. CONTINUE IN 1. invzRrupr | |3 CONTINUE IN
T PRESENT MODE PRESENT MODE " TS FRAME PRESENT MODE
UNTIL END OF UNTIL END OF OF DATA UNTIL END OF
COLLECT AND TRANS- FRAME OCCURS FRAKE OCCURS 3. pOWERIS FRAME OCCURS
MIT DATA FOR THE 2.DATA PROCESSOR | [2.DATA PROCESSOR aWiTCHED 2. DATA PROCESIOR
HOUSEKEEPING WORD EXECUTES THIS EXECUTLS Ti3 7O DATA EXECUTES THIS
AND WORDS THRU COMMAND AT THE COMMAND AT TH PROCESIOR COUMAND AT THE
WORD NO. 63 END OF THE END OF THE ¥ND OF THE
REDUNDANT
DATA FRAME DATA FPAME DATA FRAME
I ONLY ONLY umiTs ONLY
ADVANCE THE
ANALOG MULTIPLEXKR
4

Figure 2-36.

Data Subsystem Data Processor Flow Chart
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Figure 2-37. Data Subsystem Transmitter
_' Table Z-Al3. Data SuBsyétem Trapsmitter‘ Leading Particulars
Characteristic . Value
Output frequency Channel 1 = 2276. 5 MHz
- Channel 2 = 2278. 5 MHz
» o - ,  Channel 3 = 2275. 5 MHz
Frequency stability (a) £.0025%/ year (long term)
. : (b) 2.2 x 10-10 parts/second (shnrt term)
Output power 1 watt minimuia into 50 ohm loaa with maxi-
- . mum VSWR of 1, 3:1
Output spurious ' (a) Harmcaically related: 0 dbm, 2-7 GHz
(b) Other: -%50 dbm above 2-GHz - 10-dbm,
7-10 GHz

Incidental AM
Phasec roise

Carrier deviation
Modulation drive

A
Y - AT P o et v -

(c) All: 0 dbm below 2 GHz

Less than 3% (0. 25 db pcwer ratio)

Less than 4. 59 rms as mecasured with a
phase coherent receiver having a loop bani-
width 2 B, = 50 cps

Fixed at 1. 25 radians *5%

+2.5 to 15. % volt peak-to-peak (binary
voltage only)

2-65
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Table 2-13. Data Subsystem Transmitter Leading Particulars (cont)

FPCL_ IPETRNS SIPIIRN PPN S UE VN USRIV PRSPPI D JFTRRA SR © S 5L 2 L~ INUEN

Characteristic Value
Modulation polarity + phase shift for + modulation voltage
Modu.ilation frequency 200 Hz to 12 KHz/binary voltage
Modulation input impedance 22K ohm minimum shunted by less than
100 pf {ac coupled)
Supply voltages 429 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 rcatching 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 a2pplied 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 helow the carrier. Additional spurious rejection is prcvided by the inter-
facing diplexer. A directional coupler built into the filter provides an RF output
to the AGC circuit.

Monitor circuits providc 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. T
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Figure 2-38.

Data Subsystem Transmitter, Block Diagram
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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.

¢

e - ¢ . . . :

. Figure 2-39. Data Subsystem Power Distribution ‘Unit -

.n

_The amplifier board mounts the RTG témperature sensing bridges and amplifiers,

the power res¢rve 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.

3

L | | |
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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 No. 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: 2.8x 4,0 x 7.25 inches
Weight: 2.4 pounds
Power consumption; 1. 75 watts
DC input voliages: +29 vdc
+15 vdc
+12 vdc
+5 vdc
-6 vdc
-12 vdc

2-54. Data Subsystem Power Distribution Unit Func..onal Description. The
functional description of the power distribution unit is divided into three major
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. Fower 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 outp'ut of the delay is applied to a second leval detector which drives the
power-off sequencer logic. This arrangement turns on the power-off sequencer
logic input gate when the reserve power drops below acceptable levels,
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Figure 2-40. Data S\;blyatem Power Distribution Unit, Block Diagram
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The power-off sequencer logic input gate passes a | 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 presclected 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 ex¥neriment (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 ohms. 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 for 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 is 12 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. Co : '

Voltage 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 1CK ohms. The two negative voltages lines are . i
also monitored by dividers. Thc 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 ochims.

PR

2-57. Power Control - Four transistorized relay drivers, magnetic latching re-
lays, and one magnetic latc..ing relay acting as an overload sensor (circuit
breaker) perform the control and circuit breaking function for each experiment
prime power line. Tke 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 proviued for each experi-
ment power control circuit as follows:

A A e A b S

i

)

3

!

: . v

a. Experiment operational power-on command 3
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 receipt 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.

e RN

Circuit breaker operation ie 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 powér 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

2-74
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resetting its contacts to permit normal standby-on command inputs. Provisicns
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 presence
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 29w 10
A CMD. DRIVER 79v 70 . CKT. BKR. OLMTR A
HEATER
MASTER , M2V TC
ON cmp. O] DRIVER ! CKT. BKR. 3 ~—O XMTR A
"IV, O TRANSMITTER TRANSMITTER
' ON/OFF TRANSFER
RELAY RELAY
+29v. O~ (Dpdt) (Dpdt)

T R DO _L +29V TO
OFF CMD. DRIVER CKT. BKR. —o) oy T
SELECH H2v TO

B cmp, O I DRIVER CKT. BKR. nZy o
' TRIP +12v TO
720 + 30 DAYS DIPLEXER
-]
\ TIMER
RETURN — 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 contrel relay is off, nominal transmitter operating power is
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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 appropriaté. 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 iransferred 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 redundapncy 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 circuit breaker contacts to maintaip ther-
mal balance. ) '

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

Power dissipation module 1, power dissipation module.2, and the central station
backup heaters are switchel 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 ampliiiers
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 integratca 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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~iable current sources of a 0 to +5 vdc varying dc level for telemetry informa-
...n. 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.
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o 12 HR RESET
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Figure 2-42, Command Receiver and Data Processor Power Control

o
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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 metcoroid impacts and frce 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 scis-
mic events, the approximate azimuth and distance to their epicenters, the physi-
cal properties of subsurface materials, and the generai structure of the lunar in-
terior.

In the lower frequency end (approximately 0. 004 to 3 Hertz) of the PSE seismic
signal specirum, 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 seisnic 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 assaciaied with each seismometer ai~:plify 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 iransmission to Earth. The temperature of the PSE sensor
assembly is monitored and provided ac the eighth PSE digital data output. FEach
ALSEP telemetry format contains 64 words; 43 are used to transmit thz eight PSE
scientific data output signals to the MSFN gatations on the Earth. In addition, eight
analog signals coaveying engineering data from eleven sources in the PSE are
routed over separate lines to the ALSEP data subsystem, multiplexed into the
ALSEP housekeeping telemietry 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 firom Earth through the ALSEP data subsystem.
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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 interfacc with the
central s.ation.

2-60. PSE Sensor Assembly. The sensor assembly is generally cylindrical in
form, and is fabricated princ.pally of beryllium tc achieve light weight and long
term stability. The base of the cylinder is hemi: pherical to permit rough level-
ing of the sensor upon the leveling stool during deployment by the astronaut. The
long period {I.P) 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, Lapacitance type
seismic sensors; two horizontal ‘axes and one vertical axis. Tne LP horizontal
senzors 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 tc remain
fixed in space when motion of the supporting frame occurs du:: 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. S :

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

Caging is provided by a pressurized bellows. When pressurizad, pins are inserted
into each inertial mass, raising the mass and thereby unloading the suspension
system of each sensor. Piessure in the caging mechanism is released by firing a
piston actuator by Earth commmand, 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- C
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 tc 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. 2PSE 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. ' i T ‘

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.

’
On top of the thermal shroud are located the ball levei assembl -
naut fo level the sensor to within plus or minus five degre:s of%ox‘-liaz%extg .tl;igsut]x;o
gnomon/compass rose assembly, used by the astronaut to orientate the sensor.

2-63. PSE Electronics Assembly. The PSE central station electronics (CSE)

module is located in the ALSEP central station. Eleven pPrinted circuit board sub-
assemblies are contained in the CSE which provide the command logic circuits for

the fifteen commands regulating or controlling the PSE internal functions. Also : ‘
the CSE f:ontains'circuitry associated with attenuation, amplification, and filteri.ng

of the seismic signals, processing of the PSE scientific and engineering data out-

puts, and its inter.nal power supplies. The CSE is physically and thermally part
of the central station, but electrically and functionally part of the PSE,

2-64. PSE Leading Particulars,

: The PSE is included on all scheduled ALSEP
flights,

The sensor, thermal shroud, and CSE are all contained in subpackage
number one. The'leveling stool is mounted in subpackage two. Table 2-15 lists
the physical characteristics and power requirements of the PSE and the perform-
ance characteristics of the eight PSE scientific data channels.
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Table 2-15.

PSE Leading Particulars

Characteristic

1 Value

Physical Data

Sensor Assembly, including
Leveling Stool and Thermal
Shroud (stowed configuration):
Height
Diameter
Weight
Sensor
Thermal Shroud
) Leveling Stool
Central Station Electronics:

15. 25 inches
11. 75 inches
20.9 lbs.

18. 3 lbs.
2.4 lbs.

0. 2 1lbs.

Height 2.7% inches
Width 7.25 inches
Depth 6.5 inches
Weight 4.1 lbs.
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 i

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/p, maximum gain)

Max. Requirement Design Goal
10 mp 1.0 mp
0.4 arc-sec. .01 arc-sec.
320 pgal 8.0 pgal
+10°C - +.02°
5.0v/p

0.5 v/arc-sec.
0. 625 v/mgal
0. 25 v/°C

- 40db @ 0.038 sec.

+ 42db/oct. 0.038 to 0.1 sec.
+ 20db @ 0.1 sec.

- 6édb/oct. 0.1to 1.0 sec.

- 18db/oct. 1.0 to 20 sec.

- 78db @ 20 sec.
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Table 2-15. PSE Leading Particulars (cont)

Characteristic Value

Scientific Data Signal Characteristics

Q Dynamic Range: Analog Digital
SP and all LP 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/y, feedback factor = + 48db/oct. 0.3 tc 0. 7 sec.
-33. 1db, 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.
-12db/oct. 150 to 750 sec,
-100db @ 750 sec.

Sensor assembly temperature 107 - 143°F + 1%
! n = micron

mp = millimicron

v/p = volts per micron

pgal = microgal
i mgal = milligal

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

2-65. FFSE FUNCTIONAL DESCRIPTION

The instrumentation employed to achieve the objectives of the PSE is functionally
divide- into three long period seismic data channels, three tidal data channels, one
sho.t 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).

1 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 scismic 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 inthe following 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 than the 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 datfa 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 asseinbly 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 “unctions. The sensor assembly heater control circuits
control the heater operating mode which is selected by Earth command. Three
thermal control 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 ecach of the 64-word ALSEP tcle-
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 ; ito eight analog signals by the PSE datu
handling circuits for transmission to the ALSEP data processor/multiplexer.

The data are inserted into i1ousekeeping word number 33 of each of the eight Al.: . _

telemetry word frames a .gned for transmission of this data.

The LP seismometer ¢ ors must be leveled befcre they can be
produce useful data. 1 eling ‘s accomplished through automatic and/or com-
mand (manual) positioni: 'z of the LP gimbal platform in its horizontal axes, and
the spring in the LP vertical a:iis '~ . zns of independent, two-speed,
leveling servos in each LP axis. 7The tidal ouiput signal of each axis may be uscy
as its leveling error signal in both the automatic and conmimand modes. Mode
selection and command mode positioning commands affect all three servos; how-
ever, power to the leveling motor of each servo is controlled hy separate comn -
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. Applica.ion 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 in the generation of a command pulse by the ALSEP command cdecoder 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 presct by the application of
ALSEP power to the PSE. Each of the two or more logic states reprcsents a
certain command, such as power on or power off to the assoc‘i"‘ated circuit.
Receipt of the command pulse from the command decoder causes the logic circuit
to aavance 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 connecter counter which
provides four stable output states. Three of these counters contrcl switches
which select sections of step attenuators in the signal paths and in tiie 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 un;:a.ging 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. o
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 ~) LP axes to -, or the reverse, while
leveling in the command mode.
2-88
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Table 2-16. PSE Command Functions (cont)
Commands Functions l'l.:'.‘.(:t Stm -
1
6. Coarse Sensor Switches power on or off to coarse Out !
(in or out) leveling sensors.
7. Leveling Power, Switches power on or off to leveling orf
X Motor (on or motor in LP X horizontal axis.
_off,
8. Leveling Power, Switches power on or off to leveling Off
Y Motor (on or motor in LP Y horizontal axis.
off)
9. Leveling Power, Switches power on or off to léveling Off
Z Motor (on or motor in LP Z vertical axis.
off)
10. Gain Change.. ‘Prog‘rés siire.ly cycles the (two) attenu- . . ~30 db
LP-H (X,Y) ators in the X & Y axes signal channels
through 0, -10, -20, & =-30 db steps,
and the (two) attenuators in the X & Y s
axes calibration circuits through -30,
'-20, ~10, & 0 db steps at the same
time. Requires one command per
step, or a total of four for a complete
cycle.
11. Gain Change, Same as 10, except that only two =30 db
LP-2 attenuators, one in the signal, and
' ) one in the calibration circuit, are
L involved.
12. Gain Change, Same as 10 ‘ -30 db
SP (Z) '
13. Calibration, Switches i:ower on or off to the step off
LP on or off attenuators in the calibration circuits
of all three LP axes.
14. Calibra.ion, ‘Switcheé' power on or off to the step Off
SP on or off attenuator in the SP calibration
circuit. :
15. Thermal Progressively steps the heater con- Auto-
Mode Control trol circuits through four steps, matic .
- automatic mcde on or off, and
thermostat bypass mode on or off.

L

289
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2-69. PSE DETAILED FUNCTIONAL DESCRIPTION (‘)

The seven seismic and tide monitoring channecls 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 &f the Y channel sensor is oriented along the X axis of the platform.
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 lotated along
known lunar azimuths. The vertical (Z) component seismometer is a LaCoste
type spring suspension. The suspension spring is mounted between the horizcntal
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 signal to 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. 3

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 vcltage 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 fiiter, convert the voltage into the seismic output signal for that Q

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 demoduiator demodulates the preamplifier output
signal with reference to the phise 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. The output of the 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 scismic signal for use as (a) one of the experiment scientific cata outputs,
O (b) a lung period feedback signal for stabilization and re-centering of the sensor
| followiny 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 spced C"
command (manual on) leveling of :he horizintal sensors, or periods of unusually ~
high seismic activity. The filter bypass switches in the feecback paths of all

three of the LP channels are operated simultaneously by being connected to one

flip-flop logic circuit terminating the fcedback filter command line. The pr.set

state of the logic circuit closes th. bypass switches.

The gain control and signal calibration functions are irlentical in all three LP
axes. The gain control function in each axis is independent of the calibration
function; however, individual calibration voltages in th~ calibration function are
selected through the gain change commands of the gain co~txol functic:.

The gain control function controls the total amplifier gain in eac'i seisrnic channel
by switching individual sections of the step attenuator channel in and out of the
seismic signal path. The attenuators in ihe two horisontal axes are switched
together. An attenuator logic circuit cons:sting 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 contrciling solid state
switches in the step att:nv tors of the horizontal axes. The counter advances
one step each time a command pulse is received, increasing the total impecarce

. of the attenuator in 10 db steps, from 0 db through ~30 db. A separate logic

circuit, identical to that controlling gain in the two horizontal channels, termin-
ates the Z axis gain change command line and controls gain in the LP 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 seit .nic signal gair i1.. each of
the three L2 channels are applied to attenuator circuits in the signai ~.alibration
circuits of each channel: The signal calibration function is used together with
the gain control functionto generate LP output signals with amplitudes which
represent known sensor displacements. The signal calibration circuits of each
LP s~nsor are comprised of a calibration logiz circuit, two calibration signal
switc 1es, two step attenuators, three isolation networks, 2nd the fe~dback cali=-
bration coils. Tne calibration logic circuit consists of a flip~flop. In :is preset
state the logic opens thc two solid state calibration signal switches (X and Y, and
Z). The logic state may be changed by commmand. 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 atteruator in each of two calibration cir-
cuits. One calibration circuit applies the reference signal to the sensors in the -
two horizontal channels and the other calibration circuit applies the reference
signal to the sensor in the vertical channel. The impedance of each attenuator is
ccntrolled by the gain change comm- 1ds, which vary the alternate output of the
- gain control function logic (counter) governing seismic gigaal gain in the same
channels. The alternate outputs are used to provide minimum attenuation (C db)
of the calibration signal with maximum attenuation (-30 db) of the seismic signal
conversely. The prer.et state of the gain control logic switches the calibration
etep 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 C
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 fra:d-
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 ¢~ apshied acceleration.

2-72. PSE Short Period (SP)Channel - The SPchannel (Figure 2-46)is similar to
the long period ckannels, differing primarily in the type and frequency range of
its sensor, the number of components, and the character of its cutput 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 mave vertically
within a vertical’y 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 voitages induced in the SP sensor output coil by motion of the lunar surface
1n its vertical plane are applied to the SP 3ignal processing circuits. These
circuits consist of a preamplifier, step attenuator, post-amplifier, and low nass
filter. The preamplifier provides amplification of the sensor output signal,

Prior to transmission of this signal from the sensor asgembly to the remaining
sigr.ul nrocer sing circuits which are located in the PSE central station electronics

2-93

. )
. ‘\’bnvi.a»r‘-\,‘m



e ey on e

ol

ALSEP-MT- 03

subasscmbly. 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 iilter 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 stap attenuator is controlled by the
alternate output of the logic (counter) terminating the SP gain change command
line, as in the LP cclibration circuits. When the calibration signal switch is
commanded on, by its logic circuit, the attenuator output 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 commend 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 cf 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 témperature. 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 handlmg 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 outputdatahandling function circuits (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 pne 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 frar.:s.

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

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

put and .outpat lines to and from the ALSEP data subsystem, prov1dmg isolation

of thesc lines from the PSE circuits.

The frame position counter provides telemetry frame and word 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 eacl: 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 LP horizontal axes are
sampled once every even frame. The tidal signal in the LP vertical channel and
the sensor assembly temperature signal arz 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 control pulses to shift the 10-bit data
words out in parallel from the digital-to-analog 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 agsignments 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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1 2 3 4 5 6 7 8
SP SP SP
9 10 11 12 13 14 15 16
LPX SP LPY SP LpPZ SP SP
17 18 19 20 21 22 23 24
SP SP SP SP
25 26 27 28 29 30 31 32
LPX SP LPY SP LPZ SP SP
33 34 35 + |36 . |37 38 39 40
LP1Zo To.
4] 42 43 44 45 46 47 48
LPX SP LPY SP LPZ SP
49 50 51 52 53 54 55 56
SP .SP . SP
57 58 59 69 61 62 63 64
LPX SP LPY SP LPZ SP SP

/

!

ONE 64 WORD ALSEP TELEMETRY FRAME

i
l

SHORT PERIOD SEISMIC DATA

SP =

LPX =. LONG PERIOD SEISMIC DATA, X CHANNEL

LPY = LONG PERIOD SEISMIC DATA, Y CHANNEL

LPZ = LONG PERIOD SEISMIC DATA, Z CHANNEL

LPTXEg = LONG PERIOD TIDAL DATA, X CHANNEL, EVEN FRAMES ONLY
LPTZp = 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 ALSE.P Telemetry Frame

The housekeeping data addition and transfer networks combine 11 status signals
intc eight channels and transfer these analog data to the ALSEP data processor
anal _g multiplexer. Three pairs of command status signals are added in resister
networks to form three combination 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 arc a change in level expected as the result of the transmission of
associated commands. The cight analog signals dre listed in Table 2-17 along
with the telemetry frame in which they are transmitted in housekeeping word
number 33. : '
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Table 2-17. PSE Measurements O
PSE- e ALSEP
Measurement N,a{pc// | Symbol Word No's Frames
—
1

Scicatific Data

Long Period X DL-1 9, 25, 41, 57 Every
Long Period Y DL-2 11, 27, 43, 59 Every
Long Period Z DL-3 13, 29, 45, 61 Every ‘
Long Period Tidal X DL-4 35 Even
Long Pericd 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, 2 AL-2 33 38
Leveling Direction and Speed AL-3 32 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 cor ol 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- s
ible with ALSEP telemctry requirements. The even frame mark pulses mark

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 ol the shift register,
on dem.and, 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 befce useful data

can be obtained. The SP seismometer does not require leveling beyond that per- Q
fo.med during deployment.
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Both LLP and SP seismometers are caged upon completion of acceptance te:y,,

and following final assembly at the time of manufacture. The sensors are net
uncaged until after deployment on the lunar surface. The pressurized bellows
type caging mechanism inserts two loc-ing pins in position into the bottoms of
the seismic masses. The locking pin+ . nd caging bellows mechanism unload the
sensor suspension systems, absorbing ‘hock and acceleration which might other-
wise damage the delicate mass suspen:ion systems during handling on the Earth,
the Moon, and during flight.

The uncaging function is a logic circuit and an uncaging mechani. .~ which is
composed of a capacitive-discharge circuit, piston actuator, pi.i>, and a
break-off valve in the bellows pressuri. *tion system. Two com. 1ands 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 2nd Y axes leveling motors phys; :ally position the gimbal platform as well
as their respective sensors, while the' 2 motor positions its sensor with respect
to the platform. Changes in platform position in <he horizontal axes thus affect
the position of the vertical axis sensor, requiring that it be centered last.

The servo mechanisms used in each LP axis have two modes of operation; auto-
matic and command. The automatic mode uses position-error signals generated
with'n 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-coars= mode is used with position error signals from the corres-
ponding (X or Y) coarse level 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 chanmel being leveles as the position-error signal. A total

of up to two hours .nay be required for completion of the fine leveling in all three -

axes after deployment and verification 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 O
of 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 inotors, and position-
error signal generation circuits.

The command 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 r.peed
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 1eveling inodes. 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 levcling motor

- drive circuits of their respective axes. Theleveling mode, command leveling speed

and direction logic, and switching circuits control these functions in all three 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 block. These cirguits are identical for X and Y and are
similar for Z, The circuits comprise a leveling motor power switch, fine (auto=-
matic) and tommand leveling drive circuits, bi-direc.ional pulse generator, and
leveling motor drive circuits. The X and Y axes include crarse 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 o1 driving
signals to the leveling motors which are proporiicnal to the bi-directional pulse
generator output. The level motor drive circuits are operated by +29 volt pcwer
which is controlled by Earth command.

Figure 2-49 shows the relationship of the leveling platform and motors, the three
LP seismic activity monitoring func:ions (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 following the leveling commands and error signals through the

leveling servo circuits of the X axis, The circuits of the other axes function 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 alterrate staie, closing the
associated X axis leveling switch, and connecting a dc voltage to the levelirg
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 cormmand 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. If 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 swiitches mounted on the gimbal piatform. The mercury
switches generate relatively large leveling position-error signals of constant
amplitude with a polarity dependent on that of the position error. The output of
the X axis coarse level sensor is appiied to the coarse leveling drive circuits in
the leveling control circuits for the X axis. The output signal of the coarse
leveling drive c'rcuit controls the output of the bi-directional pulse generator.
The generator produces a series of polarized pulses with width and polarity pro-

: portiounal to the amplitude and direction of the leveling position error. These
pulses are applied to the leveiing 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 vperatin; Jower to the leveling motor in pro-
portion to the pulse width and polaurity of the drive signal from the bi-directional
pulse gererztor, The leveling motor slowly repositions the leveling platform
about its X axis reducing the ieveling 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-
poriionately lower and thereby slower.

A second command (pulse) applied to the coarse sensor command line resets the
coarse leveling logic 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 ieveling drive circuits. The fine leveling
drive circuits generate an output signal propnrtional to the direction and anipli-
tude of the leveling position error. This signul is appli. . to the bi-directisnal
drive pulse generator, controlling ite output in the same manner as the output
@ signals of the coarse leveling drive circuits,
h
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The command leveling mode is selected b the alternate state of the leveling mode @
logic circuits. The preset statc of he lot.c circuit is changed to the alternate

state by a command pulse on the leveling 'mode :ommand line. The alternate state

opens the automatic leveling mode switch 2and closes the command leveling mode

switch, Opening the automatic leveling n ile switcl disables both the fine level-

ing drive circuit and the coarse leveling cwitch, eifectively disabling both of the

automatic leveling submodes. Cilosing the comniand 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 is applied ‘
to the command leveling drive circuit in the X axiv“leveling control circrits en-

avling it and controlling the polarity of its output signal. A command pulse on the

leveling direction command line causes the command direction logic circuit to

change its alternate state, closing the minus direction switch and opening the plus b
direction switch, This reverses the polarity of the output signal of the command

leveling drive circuit. The presct 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 cf 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 outpur 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 ¢ircuitry. These circuits are not required in the Z axis because their
function is accomplished by those of the X and Y axes and the leveliag of the
leveling platform. ’ '

2-77. PSE Thermal Control - The thermal control functioncircuits (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

circuits comprise a logic circuit, heater power relay, bypass relay, mnltivi-

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 control mode command line and consists of a two-bit, secrially
connected flip-flop counter. The counter has a total of four two-bit output voltage
combinations. One of the bit-outputs cc~‘rols the heater power relay and the other
the bypass relay, ' o ‘ ’
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In both the automatic and thermostit bypass modes the heater power relay is
closed connecting operating power to the hcater power switch. In the power off
mode this relay is open, interrupting the power circuit. The | cater power switch
is turned on and off at a 3 KHz rate by the multivibrator. When the heater power
switch is on and thc heater powér relay closed, operating power is connected to
the heater.

The proportion of time when power to the heater power switch is on, is varied by
the multivibrator according to the ten.perature signal received from the tempera-
ture monitoring circuits. A decrease in temperature lengthens the power on
period and conversely. The multivibr=tor is driven at the 3 KHz rate by the 3 KHz
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 command 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 +29-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 prnduces 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 dete:mine boundaries of the electro-
magnetic diffasivity. 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 each other
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
91/2" 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 conducted 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 unper sectio:; of the EGFU is
enclosed by a fiberglass protective cover underreath 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 stows 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 support leg is
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 23° 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 25 x10x 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 pérformed 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. N '

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

a. Electromagnetic measurement and housekeeping
b. Calibration and sequencing

c. Sensor orientation

d. Data handling

e. Thermal control

f. Power control
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Figure 2-53. Magnetometer Experiment, Functional Bleck 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 threce magnetic sensors provide signal
outputs proportional 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: f

a. Range l -100 to +100 gamma
b. Range 2 ~-200 to +200 gamma
‘ce Range 3 -400 to +400 gamma

The range is selected by Earth command during ME operation.
The*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 scicatific 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 f{ield 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 Farth commands
to calibrate and sequence the operation of the other ME funclions.

The data handling function receives analog voltages from the electromagnetic
measurement and housekeeping function, and processes this analog data into

1 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, ‘o 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 House~eeping 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 2, are
employed in measuring the magnetic flux with three identical signal processing
channels. The magnetic sensors, in conjunction with the scnsor 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 € ‘h sensor support arm connects each magnetic sensor
to the sensor electronics in the EGFU, '

o
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Table 2-19. ME Command List

Command Number Nomenclature ’ Function

1 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 Steac'y 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

7 Site Survey Initiates site survey of each axis.
Can only be used after four flip/cal
cycles

8 Thermal Control | Selects either X or Y boom sensor

temperature detector (or off) for
' . thermal control.

POWER POWER > 7 ENGR DATA CHANNELS
CONTROL - SENSORMTR & HTR POWER ENGINEERING e
FUNCTION TEMP SENSORS _ DATA S
=3 ELECTRONICS TATUS BIT -
Em%t — SENSOR FLIP & ] (GIMBAUFLIP POS, HIR PWR, =
) X OR Y TEMP CONTROU
FUNCTION . GIMBAL POS _ DATA
CLOCK ATA HANDLING
r A
) | stnsor SCIENTIFIC DATA
™1 SENSORS "1 mucrronics >
v X, Y, Z FEEDBACK

Figure 2-54. Electromagnetic Measurement and Housekeeping Fuﬁction,
Block Diagram
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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 threc 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 sensar, 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 furdamental and second harmonic reference square waves at
5.9625 and 11. 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
fecedback 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 outputtmg the resultant data in the form of
three 2-bit status words.

b. Indicates the gi‘mbal posgtion (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 vertical
by exciting the two-axis gravity level sensor and outputtmg the resultant two analog
voltages.

e. Provides heater power status and temperature control status.
f. Provides +5V reference voltage analog data.

2-84. ME Calibration and Seqhéncin& Function. The ME calibration and se-
quencing functional block 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 genecrator 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 calitration rasters. There are two rasters ap-
plied simultanecusly to all three sensors before and after each flip. When the
calibration raster generation is completed, a signal is sent back to the {lip/
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 ccmmands
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 cor .plete'' signal output
which turns off power to the flip/calibration sequence generator.

The flip/calibration sequence generator also receives commands from either the
site arvey 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 is 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:

a. Initiate Subsequence 1

b. Initiate. Flip/ Cal Cycle

c. Flip/Cal Cycle Complete

d. Survey X Axis

e. X Axis Survey Complete

f. Return to Scientific Mode

g Subsequence 1 Complete

h. Initiate Subsequence 2

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

k. Initiate Subsequence 3

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

n. Site Survey Complete

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

The site survey sequence generator generates thc sequence of flipper motor, flip-
stop motor, and gimbal motor power switching necessary to perform the site sur-
vey sequence. The design cunsists of a binary sequence countcr which steps one
step at the cempletion 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 miode commaund 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 f{or

~cach sensor channel. These bias levels will be stored in binary form in a flip-

flop memory whose output states will drive the offset bias generator. The trans-
fer logic receives sensor pousition data and derives the switch ccmmands which con-
ncct 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 seguence consists of two identical cycles, each
cycle consisting of 8 proportional steps of approximately 10-second duration each.
The calibration raster generator receives its cornmand 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 the clock 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 generatur except it
contains three separate ladder networks, one for each magnetometer channel. The
switch states of the different offset bias generators are deterinined by the offset
memory. In addition, each output will be inverted giving both polarities of each
bias voltage. These outputs will be routed to a switch m-trix 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 Orientation 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 electromc level detector that uses a capacitance pickup and
measures attitude #15° in two axes. The detzctor 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 positicn 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 thre= sensors, in turn, are g mbaled 90° and then flipped
through 90° and 180°. To accomplish the site survey, a.. three sensors must be
aligned parallel to each of the coorditiate 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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ME Site Survey Sensor Gimbal and Flip Sequence
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As the sensor looks outward, it has a horizontal plane coincident with the axis linc
of its support arm. The sensor is capable of movement in this horizontal planc.
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 {lip 0° 1o 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 ofter 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
ruimning 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 innér arm that passes through the outer support arm
housing aud connects to the gimbal/flip unit. Both flipping and gimbaling are per-
formed internal to the supportarm w1thout any visible change to the outside con-
figuration. A sensor can be gimbaled 90°. Onceinthe new position, the same
freedom of m0vement 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. X

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 operation 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 ir 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 microseconds of
one another) at the digital filter samvling rate by a sample and hold circuit. The
stored (analog) samples are multiplexed into the analog-to-digital converter which
sequentially converis 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 memory in
the filter when not being used to perform a calculation. The state variable repre-
senting the filtered output of ea~h 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 simultaneous, 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 faiiure. 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 g¢cientific 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 subsystem for downlink transmission as word 5 in 16 consecutive
ALSEP frames. Coeh ' o : o
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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 rangc 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.
X V. 2Z
SENSOR > :::nztc':iis -
HEATERS
DATA COMMAND 8
SURSYSTEM TEMP CONTROL XIY/OFF TEMPERATURE | pnginpering . PATA
DETECTOR o HANDLING
ELECTRONICS FUNCTION
A
XY, 2 EGFU
TEMPERATURE TEMPERATURE
DETECTORS DETECTORS

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: conditioring 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 thc¢ 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, Block 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 liue (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 2i and 53 represent two successive Z-axis values. Each 10bit
scientific X, Y, and Z word has the following format:

8.7 .6 5
29 2520 2% 2% 4,3 ,2,1,0
> POLARITY SCIENTIFIC DATA
BIT (ALSEP Words 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.

2? 28 27 26 25 21 22 2221 R0
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, Appendi.;A 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.
c. 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 vclts 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 collimmated 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 electrors and protons. The cups open towo rd different but
slightly overlapping portions of the lunar sky. Data from each cup individually and
from all seven cups 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 electrnns 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 wo»1s 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.




S REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR

% ALSEP-MT-03
E
’ 2-y3. SWE PHYSICAL DESCRIIPTION Q
|
' The SWE is shown in Figure 2-61. Physical and-electrical characteristics of the
SWE arc shown in Table 2-20. The SWE consists of a sensor assembly, clectronic
assembly, thermal control assembly, and leg assembly. A 20-conduclor flat cable
* provides electrical connection between the SWE and the ALSEP data subsystem and
allows the subsysteins to be separated by as much as 14 fecet. The cable is housed
in a reel stowed bencath the SWE. '
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3 @ Table 2-20. SWE Leading Particulars
; Characteristic , Value T
: "4 . Dimensions —
Stowed 9, 0x11.1 x 10. 6 inches
Deployed 12,0x 11.1 x 13.6 inches
’ Weight on Earth 12. 5 pounds
Input voltage 28. 25 to 29. 30 volts
’ Input power 3.2 watts average. No more than

6.5 watts except briefly for starting
transients, dust cover removal,
and high voltage gain change

command.
Measurement ranges
Electrons
High gain mndulation 10.5 to 1376 electron volts
Low gain modulation - 6.2 to 817 ;lectrcr. volits
Protons . X
‘ High gain modulation ~~ 75 to 9600 electron volts
Low gain modulation 45 to 5700 electron volts
Field of view 6. 0 steradians
) Angular resolution 15 degrees (approximately)
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2-94., SWE Sensor Assembly. The sensor assemblyconsists of seven Faraday cups
arranged in a hexagonal cupola configuration. One cup is mounted on each of the O
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 Lo 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. Theclectronic assembly contains all the circuits
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 subsystem. The assembly consists of the following

modules:

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

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

f !

|

2-96. SWE Thermal Control Assembly. Thethermal control assemblyincludes 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
through all variations in lunar surface temperature.

2-97. SWE Leg Assembly. Thelegassemblyconsists of twotubular A -frames contain-
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 DF.SCRIPTION

The SWE is a highly sophisiicated scientific instrument that will be used to detect
the type, quantity, and direc.ional characteristics of solar wind plasma and to

supply this information, in the required digital format, to the data subsystem on
demand.

2-128
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The SWE uscs a modified Faraday cup as the basic detector. The cup measures
the current produced by the charged particle flux entering it. The energy (more
accurately, the energy per unit charge, E/Q, associated with the componcnt ef
velocity normal to the grid plane) and polarity of the particles arc determinced by
placing a retarding potcential, V, upon a modulator grid near the cup entrance and
measuring the change in current, Ai, with a known change in rctarding potential,
AV. The change in current, Ai, is, then, a resu't of the {lux of particles that
posscss the proper pelarity and energy to be within the portion of the energy
spectrum associated with voltages V and V 4+ ,.V. Usirg a serics of AV's, the
entire range of voltage (both positive and nega.ive) can be swept .sut 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 currents 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 ~urrents
caused by flux in each Faraday cup, and ronditions this iaformation so that it can
be sent to the ALSEP data subsystem, telemetered to Farth, and analyzed. A
sequence of measurements whose conditions are knowi: 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 parameters 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 egual to the current measured by a sensor, divided by 1.6 x 10- 19
coulombs, the charge of an electron or proton.

b. direction of mean velocity - Deduced from knowledge of \ne seneor geometry,
orientation of the SWE on the lunar surface, and relative current readings from the
seven cups. The direction will be able to be deduced to within fifteen dr*grees or
less, depending on plasma temperature.

c. energy of the particles - Deduced from the direction of mean velocity and
the relative vesponses to the various modulating potentials applied to 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 elcctroa volts is betwecen
‘'he upper and lower limiis 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 ard a negative grid voltage corresponds to measure-
m.:nt of electrons, Protons, electrons, and o particle< are known to comprise the
vast majority of solar wind particles.

e. density of pa-ticles - educed 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 continuous
train of digital data on the solar plasma impinging on 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.

- \
ANALOG SIGNALS ] DATA DIGITAL DATA;
HANDLING 186WORDS;
SOLAR WIND PLASMA= = 3o~4 MEASURCMENT ‘ 4WORDS PER
MODULATIONF="""""] A ALSEP TELEMETRY
MODU:ATION g FRAME
A A A =
P
$g18s
S g lee
&S 15
GO =
DEMODULATION SYNC ) L READOUT DEMANDS ALSEP
CALIBRATION SEQUENCING § TIMING SIGNALS DATA
‘ ~ SUBSYSTEM

DUSTCOVER | DUST COVER RELEASE COMMAND
RELEASE

HEATERS  fofrenem SURVIVAL POWER

+29 VOLT POWER

A

POWER
B
POWER TO ALL FUNCTIONS SUPPLY

Figure 2-62, SWE, Functional Block Diagram

The measurement function detects the solar wind plasma entering seven Faraday
cups and produces a dc v« ltage 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 requiremen:s of the ALSEP data subsystem
for transmission to the Earth and for subsequent anzlysis.

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. The measurement function, 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 me=surable

‘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 sunplifier, a synchronous demodulator
and a dc amplifier that condition the signals for presentation to the data handling
function.

2-102. SWE Faraday Cups. Anarrayof seven Faradaycups detectsthe 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 opening, 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

""“'.f"{‘,' e
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Figure 2-63. SWE Measurement Function, Block Diagram
and energies per unit charge corresponding to each voltage can be detcrmined.
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 particie flux is equal in each direction, equal current will be produced in
each cup. If the flux is not equal in each direction, analysis of the relative
amounts cf current in the seven collectors will determinf, 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 fizld from the
modulator grid and prevent capacitive coupling from-the modulator grid to the col-
lector. ‘

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

v

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

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

2-103. SWE Preamplifiers - Fachofthe seven prcamplifiers consists of anintegrated
circuit operational amplifier with a discrete FET at the input. The preamplifier
input currents are from 6 x i10-13 to 6 x 10-9 ampere and the output voltages are
from 6 x 10-5 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 - Under the control ofa segmentdriverand a se -
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 C}
output signal from the bandpass amplifier is about 6, 5 volts peak-to-pcak. By

suppressing all frequencies except the first harmornic, the square wave input

signal is converted into a sine wave output signal,

L oi

2-106. SWE Synchronous Demodulator - The synchronous demodulator converts the
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 an operationalamplifier withadc 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 Sur. Sensor - A photoelectric cell, mounted atthe bottom of the sensor
assembly housing, will detect sunlight wken 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 determi.aing the leveling of the SWE after
deployment. The circuit for the sun sensor consists of a photosensitive cell in
pérall'el with a resistor. When the sun is at that angle relative to the SWE at
which the cell is fully illuminated, maximum voltage will he 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 - Four thermistors are used for monitoringthe 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 positive and nega-
tive voltages that are superimposed on a-2 KHz square wave and applied to the
modulstor 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
X function.
1
| O
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Figure 2-65. SWE Modulation Function, Block Diagram

2-111, SWEStaircase Generator - The staircase or stepgenerator produces 14
voltage steps for the measurements of protons and seven voltage steps for the meas-
"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- t
lel combination of any or all of the seven precision resistors. The maximum out-

put voltage is +10 volts. The voltage is ied to the voltage control amplifier.

2-112. SWE Voltage ControlAmplifier - The voltage controlamplifier 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 fm\,!
in the voltage control amplifier, thereby increasing the gain of the amplificr and, A
consequently, the high voltage applied to the modulator grids of the Faraday cups.

2-113. SWE 2 KHz Drive - The 2 KHzdrive generatesthe 2 KHz chopping signal used
to drive HV transformers in the HV generator. The inputs to the 2 KHz drivc are
positive andnegative high voltage inhibit signals from the relay driver, ahighvoltage
inhibit signal from the dust cover releasecircuit, anda 2 KHz signal from a fre-
quency divider of the sequencing function. Therre are two sets of outputs (four out-
puts total) each consisting of two out-of-phase, symmetrical, square wave signals.
One set drives 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 of achopper, 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 tlie 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 monitors the high voltage
output to provide ac calibration signals to the measur ement 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 relaydriver accepts logic signals from amaincounter
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 +tHV measurements, the relays are released.

S

2-136

PP TR QT A TIL 0 TETYIER P ” )
. . b [ T A



P x.ﬂ‘ Agw‘

ik rcdiio iy

ALSEP-MT-03

2-117. SWE Relays - Threerelays are employed. Onerelayisahighvoltage relay
that selects -positive or negative high voltage for application to the modulator
grids of the Faraday cups. The other two relays are signal switching reclays that
select the high voltage sample for application to the mocd.:lator calibrator and that
aprly negative voltages to the Faraday cup suppressor grids.

2-118. SWE Sequencing Function. The sequencing function controls and times the SWE
so that measurements are performed in a fixe.! 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 point in its
sequence when first interrogated by the data subsystem.

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

To measure positive particles, the SWE places positive 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 all
cuf) outputs. The remaining seven measurements are sequential measurements

of individual cup outputs. For any single raeasurement, a ten-bit word is sent

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

The next 16 words (words 112 through 127) contain SWE cahbratmn and opera.tmn
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. o .
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 eigh* least sig-
nificant bits of the sequence counter are in word 184 and the elght mos. 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. B

2-137
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Operating in the nrormzl mode of 1060 bits per second, a sequence lasts 28. 1 sec- O
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.

3 Timing control of SWE operatijon is provided by a 1024 KHz master clock oscilla-
tor as shown in the sequencing function block diagram, Figure 2-56.

2-119., SWE Frequency Divider - The frequencydivider is an eleven stage ripple
~, counter that counts down the 1024 KHz master clock frequeancy to provide the fre-
1 quencies needed to control SWE operation. These frecuencies 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-
i : laneous sync provides:

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

E 2-121. SWE Input Decoder - The input decoder receives demand pulse and shift clock
N 4 signals from the data subsystem and develops the shift register clock which causes
- 3 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 counter
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 leve! 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 sequence counter is a 16 -bit counter thatis trig-

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 m.>de 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: .

o
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Figure 2-66. SWE Sequencing Function, Block Diagram
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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 14 and 15 of e2 :h 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 i:hibit the '"all collector"
measurement during 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 - The converter andtem-
perature calibration driver receives logic signals fromthe 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 sequeace 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
temperature subcommutator, all three of which are part of the data handling func-

-tion, Subcommutator 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 Calikrate 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 noisc of the preamplifiers.

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

2-127. SWE Segment Driver - The segmentdriver controls the preamplifiez switches to .
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 sequ.nce. v

2-128. SWE Data Handling Function., The data handling function proc?ues the data so
that it can be presented to the data subsystem in the desired digitai format. Fig-
ure 2-67 is a block diagram of the data handling function. :
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2-129. SWE Output Commutator - Under control of the main counter and sequence
counter of the sequencing function, the output commutator connects 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 o>gariizes 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 measurements.
2-130. SWE Subcommutator A - Under controlofthe converter andtemperature cali-
bration driver, subcommutator A sequentially connects five analog-to-pulse-width
calibration signals from the voltage calibrate geuerator to one channel of the out-
put corr.mutator.

2-131. SWE Subcominutator B -~ Under controloftheconvertcr andtemperature cali-
bration driver, subcommutator B sequentially connects four engineering status
measurements to one channel of the output commutator. The four status meas-
urements 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 dividezr.

¢-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 - The conversioncounter is a nine-stage ripple
counter that performs the analog-to-digital conversions required to transfer the
SWE data to the data subsystem. These conversiors are accomplished by count-
ing at a 256 KHz rate while a pulse is present at the output of the analog-to-pulse-
width convertrr. 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-ingates consist of eight 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

2-142

W a LN s Al i ias S £ g
X e Ui ™ R b Ak el s R faaaii a il u el il S i (st} fubitd o TTRY Rl



e\

s

Snn il dudni

2 e PO T P D) PPy PO )

ALSEP-MT-03

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 185th
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 chifted out serially, most significant
bit first, to the data subsystem when a demand pulse is received. The least sig-
niticant 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 other 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 commutator to the analog-to-pulse-width converter. Tke
voltages check operation of the converter and calibrate it.

2-137. SWE Power Supply Function. The data subsystem 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 vat 50 ma
b. -15 v at 50 ma e
c. -6.4vatl.0Oma ’
d. +5 v at 225 ma

- e, +35 vat 100 ma
f. <120 vat 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 current power 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 output is adequately filtered.

2-143
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/ 2-140. SWE Current Surge Suppressor - AnRCcircuitinthe +35 voltline stores elec-

trical energy to minimize voltage variation during mode or energy level changes.
T !

2-141. SWE Spike Suppressor Circuits - Three spike suppressorcircuits reducetran-

sient 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 resistance. The transistor and resistance are connected in series

with the +29 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 mverter osc111atxon
amplitude returns to approximately its original value. )

2-143. SWE Dust Cover Releasg Function. Afterthe LM has leftthe 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 interconaecting cable to SWE
dust cover removal circuitry. The circuitry heats a fusible cord that holds 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 HMeaters T v i the temperature of the clectrom s akpes - g
falls below a certain valu.. (1. ,,istor mounted on the asscmbly cavses 2- .
gistors in the assembly (.. (i =ipate heat. In this manner, the temperatiure wio -
the assembly i8 maintaiu.. within the range for proper operation during lurssy
nights. Whenever the bWt (s no. operating, the ALSEP data subsystem sujglies
power to resistors mouutad on the SWE electronics assemblies. This is done to
prevent mechanical and elactrical stresses caused by the extreme cold of the lunes
enivronment.
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2-145. SUPRATHERM i, ION DETECTOR EXPERIMENT (SIDE) SUBSYST

The suprathermal ion detector experiment (SIDE) comprises the supratherm...
ion detector and the cold cathode ion gauge (CCIG) (Figure 2-69). The purpo:.
of the SIDE is to measure the ionic environment of the Moon by detecting the i
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 po-
tive ions in the vicinity of the lunar surface. The cold cathode ion gauge will .
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 cm/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. Jn 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 detector
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
cvffects of contaminants left:by the LM and the astronauts on the lunar atmosphere
and the rate of decay of these contaminants. The CCIG will measure pressures
over the range of 10-6 torr to 10-12 torr. h
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Five command lines are provided from the ALSEP data subsystem to the
SIDE/CCIG. 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 comraands. For example, the first time a pulse is placcd 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 thc ALSEP data subsystem provide
the high energy curved plate analyzer (CPA) count rate and the low energy CPA
count rate to the data subsystem for incorporation into ALSEP housekeeping
word 33, These count rates are used a: sackup mezsurements in the event of
digital counting electronics failure.

The digital scientific data from the SI} ./CCIC. consists of five 10-bit words in
each ALSEP telemetry frame (words 15, 31, 47, 56 ~nd 63). A total of 10 words
are used to make up the basic uuit of data, whicr . ailed a SIDE frame. Tae
experiment programmer goes through 128 steps in cumpleting 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
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The outer case houses the cold cathode ion gavge (CCIG) which is removed by the
astronaut during deployment of the SIDE, The gauge is connccted to the expevri-
ment by a chort cable, The CCIG aperture is sealed against ingress cf 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 SIDX 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 providc an equipoten-
tial reference surface for control of local electric fields between the two SIDE ion
detectors and the lunar surface.

Tke flat tape cable connecting the experiment to the ALSEP 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 deploving the ¢cxperiment, Table 2-21 lists the
leading particulars of the SIDE/CCIG, ’

Table 2-21. SIDE T.eading Particulars

Characteristic 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 function,
programmer function, ion detection function, and data handling function (Fig-

ure 2-70), 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 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 Ion 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 stepping of the high energy
curved plate analyzer, low energy curvedplate analyzer, velocity filter, and
ground plane are controlled by the progra.nmer function. The programmer also
supplies calibration timing to the CCIG.

The ion detection function is accomplished by the low eaergy 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 commaiud 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 them to the appropriate programmer function timing and control circuits
for implementation. - 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 vperation. Four of the five incoming command lines are
encoded in a four bit comiand input buffer 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 tommands 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 cover blow. The status of the command 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 timiu.g

~ 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

- .mmand function and a parity pulse from the-data handling functxon are the other
inputs to the programmer function. .. . ... : .o o

-
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Table 2-22. SIDE/CCIG Commands

At Bt <l i Pl 11 it vt~

3 . OCTAL
SYMBOL FUNCTION COMMAND SEQUENCE
104 | 105 |106 (107 110
? One-time commands
: ; CIl-1 Break CCIG seal X X
Cl-2 Blow dust cover X X
Operational commands
Cl-6 Ground plane step programmer
on/ off X X
CIl-7 Reset SIDE frame counter at 10 X X
Cl-8 Reset SIDE frame counter at 39 X X X
CI-9 Reset velocity filter counter at 9 X X
CI-10 Reset SIDE frame counter at 79 X X X
CI-11 Reset SIDE frame counter at 79 :
and velocity counter at 9 ' X | X X
Cl-12 X 10 accumulation interval on/ off X X X X
CIl-13 Master reset X X
CIl-14 Velocity filter voltage on/-.ff X ‘X X
CI-15 Low energy CPA high voltage
on/ off ‘ X X
CI-16 High energy CPA high voltage ‘
‘ ‘ on/ off ) X X X X
Cl-17 Force contiruous calibration X X X
(cycles 120 to 127, '
CI-18 * CCIG high voltage on/off X X X X
CI-19 Chauneltron high voltage on/ off X X X X
Cl-20 Reset command input register X X X X X

The SIDE frame counter is thc primary time reference. It is a N/128 counter
capable of controlling the experiments 128 states. 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 de..ectxon functior and
also are applied to the accumulators and gates in the data handling function. In
addition, the programmer function enables gaies for a series of calibration sig-
nals through the ion detectors at the end of each counting period.
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Figure 2-72. SIDE Programmer I nction, Block Diagrar.

¢-151. SIDE Ion Detection Function. The low and high energy ion detectors
count the positive ions within certain velocity and/oxr 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 bétween the lunar surface and the - IDE ion
detectors.

The low energy ion detector measures the differential energy spectruin of posi-
tive ions having energies vetween 0.2 and 48. 6 electron volts per unit charge and
masses between one and !20 AMU. The low energy ion detectcr consists of a
Wein velocity filter (cros.ed 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 tc 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 stepring voltago 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 ~f the low energy curved plate analyzer
into which the ions passed by the velocity filter are airected. The curved plate
analyzer passes only those ions with a mass per unit ch7 .ge that will permit the
ions to follow the curvature of an electrostatic field developed-between the twc
curved pavallel plates of the CPA. Ions with mass per unit charge ratios outside

2-154

T T O 2 T T T T T e ket A el b e



. e

b At g e

LS oempre s .

[EYa

S

‘

oo

T o . SRR LTI, o oy -

i r —————— 4 AT .

H ) TN e it o
time er Ains ekt e AP &W% : sty o e i sty S dh MBSO s i N ir ,;g( , " ’ " o i it s i v
]
Ay - ) ’ Q
ALCEP-MT-03
’ ANALOG
FROM . LOG COUNT AMB . COUNT
COMMANT 3500 ;:,n PELY RATE MET DATA
- —— WER §
FUNCTION Po UPPL i . SUBSYST. A
VARYING DISCRIMUNATOR ONE SHOT
VELCCITY FILTER Jyor TacE STEP- | v FILTEF YELOCITY PREAME AND LOG COUNT
. '—«{ POWER SUPPLY | ntACE STEF fVELOCITY Loc DEADTIME RATE MET
. STEPPER FILTER i
~ . PROGRAMMER UNT DATA . DATA
et YARYING :Sn:s HANDLING
f - ) " CTION
Low ENZRGY voLTacE sTEPS| Low exeroy | $Tsewsor/ | | CALIB VOLTAGE STEPS FUN
POWER SUPPLY CPA STEPPER ANALYZER [T® PULSER 2 PROGRAMMER
PROGIAM. 1ER I
”‘o':‘AMMER< ) VARVING L vy LOC COUNT ANALOS
PR y s 9 . DISCRIMINAT COUNT
* FUNCTION HIGH ENERGY voLTAGE STEPS]  nicu Excroy SENSOR/ e Paer eT AMP el
! POWER SUPPLY CPA STEFPER ANALYZER SYST
PROGRAMMER | DEADTIME T SUBSYSTEM
0 VARYING - ONE SHOT
GROUND PLANE  Jyo) rAGE STEPS GROUND caLIB LOG COUNT
~—a4 POWER SUPPLY PLANE PULSER RATE MET
\ PROCRAMMER 3
COUNT DATA HAD\éz;rxfmc
; VOLTAGE STEPS PROGRAMMER
STATUS DATA
STATUS HANDLING
( AUTO ZERO COMMAND AUTO ZERO
CALISRATE COMMAND CURRENT CIRCUIT
CALIBRAWOR
POWER ONJOFF __ SENSOR CASE GND e,;“,‘}'c’fo
COMMAND | asoo v 2 ~ - - DATA CUT
POWER SUPPLY| ~ ANODE CATHODE TNPUT :x‘.‘ﬁ:gﬁ.s:::;n
FROM FILTER
FILTER
S T
oRe SENSOR AUTO RANGE DATA
BREAK SEAL CIRCUIT HANDLING
COMMAND SEAL BREAK FOWER ! seaL TATUS Fomo e
POWER SUPPLY MECHANISM >
POWER ON/OFF e s
COMMANL | TEmP POWER TEMP .
A MONITOR CKT SENSOR
S pon e '

F.gure 2-7J.

PIERPT YR

- r

e Tl nd i

N A g oy <7 v




J T et T Fe BT -

.-

ALSEP-MT-03

‘ Q those which can follow the curved field are absorbed by the CPA plates. Themass
; ) per unit charge ratio at the 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 to

+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 mcasures the differential energy spectrum of posi-
¢ * tive ions having energies between 10 and 3500 electron volts per unit charge re-
! ! gardless of mass. The high energy ion detector does not employ a velocity filter,
1 but is otherwise similar to the low energy detector. Pansitive ions entering the

high energy ion detector aperture pass directly into the high energy curved plate
analyzer. Because no velocity filter is used, all positive 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-
quenced by the high energy counter in the programmer function through a series
of 20 different voltage steps ranging from 2. 5 to 875 vdc.

vt

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

The outpu. 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 from the Channeltron Roare

: limited to approximately one per 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-

k tronics. During calibration the CPA stepping voltage su}:;plies are programmed to
i zero and the velocity filter voltage to maximum positive preventing ion counts.

h [}
( . The CCIG detector measures neutron atom densities corresponding to atmospheric

pressures of 10”° torr to approximately 10-12 {orr. The CCIG detector consists
of the CCIG sensor, +4500 vdc power supply, RFI filter, electrometer amplifier,

{ range control and calibration ci .cuits, 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

i Probakility of collision with the more numerous neutral atoms entering the sensor.
lons produced by these collisions and free icns are collected by the sensor elec-
trodes which create the electrostatic field. A +4500 volts dc is mainiained 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 threc operating ranges which are auto-
matically selected by the range control and calibration circuits. These circuits
also automatically 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 temperatere 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 t::ansfer 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.

L]
Voltages from the ion detectors andother engineering housekeeping data is sup-
plied to the analog-to-digital converter commutator in analog form. The analog
signals are converteu to digital signals, commutated and applied to the data
handling strobe gate for transfer to the central data subsystem,
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Figu;e 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 aré 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. If the number is odd, one is inserted for the parity bit of the next
frame. If the number is even, zero is inserted for the parity bit of the next frame.
This provides a parity check for each SIDE frame.

. | : ' 2-159/2-160

. e
e e, AW Y AT

P



e et e AU =D

st SO

PR S R

ALSEP-MT-03

>

2-153. ACTIVE SEISMIC EXPERIMENT (ASE) SUBSYSTEM

The primary function of the active seismic eﬁcperiment (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 ecxplosive 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 50U feet can be achieved, and wave velocities threugh several layers of
subsurface materials investigated. The velocities of compressional waves, their
frequency spectra, and rate of attenuation are func‘ions of the physical constants
of the near surface lunar material. Interpretatica 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 tc effect geophone calibration. Other commands are used to effect
power distribution to the ASE from the data subsystem and to place the data sub-
system inthe active seismic mode. The three channels of seism.ic 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 incombvatible with the normal ALSEP format and preclude usual
data collection from the othér experiments during the time the ASE is activated. -
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There are five significant measurements from the ALSEP electrical power sub- O
system included ‘n the ASE telementry format as engineering data. The ASE S

formats and applies the seismic and engineering data to the data subsystem mod-
ulator for modulation and downlink transmission. |

1 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 thrée identical geophones are eleftromagnetic
devices which translate physical surface or subsurface movemeqt into electrical
signals. The amplitude of the output signals is prooortional 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 r aoved during deploy-
ment.

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

{ R
The mortar package is deployed at an angle approximately 45P 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 mostar package is enhanced by the effect-
[ .

|
|

|

|

2-162 {
[.

|

S et et A




o e

PV e g gt

5

e e i

i

e

Ly i dew b A e

' . ANTENHAY e
AL \._“,

ALSEP-MT-03

H’(;‘!"“u“l v ]”It" ¢ st il;l 17
PO AL LT b /’ .
e 11 ,:
. A : - 7
t K e A
R :‘ Ld‘b - .
. z : 11 o . < ’::« N ; ,;g /’/
' & - _ . L-F -~ I RECEHIVES P >
' : RS i ,/ N
' “‘*\‘,"/’/r ’ L. l‘i
X . CENTRAL STATI N BE e S e . WASS
. _ £ _ = / / R 4 S
| , PICEIVING A% A - L Y ,
‘ ; . A b i)
. H " \ '\; 3 } / R
f ! i ! \4\ // "! f L‘;' ™~ !
! ] AN .
a /N N B
3 A ' [ e 'j ‘\‘Q." s
) . : i
i b GIOPHONS £ 3
! e
3 NoT
- F
. 4
( : IRV IATGR STUCTCR S HCK . K
! H o ¢ i
3
’ ?
N i
. . N
. VHUMPLRY
J' ARMFIRF . . ‘(.[h‘ RAL
. SWITCH . {STATION
: N : 1CABLL
%. B e .
et N : —— cod 2
GRENADE U\u HoH Asswm/ N2 I S -n 3 ,
£ ‘\._ f//,(,»,, . -,{\..‘%J { ': K ‘ s
: S gl Rocm '\uwR €3} >
. \ ,’:’l:' .f’j' | EERat) \ {
! AV N , © o SAHSLIBE
LA . GRENADE ASSLABLIES _ b
, . N
%\\ S - i 24
) Q\Z\ \\ \ A muwu\ ‘ ! GEOPHONE
T : - RaG
£ S .
. £ X,T M\\t\‘\ \‘ 4 ] o
& y ey ~ s " "
A
y SN S
A SRS 3 \\ “ .
Y ¥ ST, GEOPHONE ,__ SR
. LA e ﬁ'f.\': iCABu Lo {
R e, T ‘ ’ !
L CABLTO f e f‘; g g o | g
b "CENTRAL STATJON IR o REEL = 4
": MOPMR PACKAGE AR\L‘.nLY f,w*“' e ITHUMPER GLOPHONE Asswmv t
3 ‘,ﬁ ]
) - : i
i ‘ SAFLIY ROD! '
Bt et o L1 i i e S i w1 A e b o S0 40 i 3 e 171 e ..:.»\ 3l n.,’m,_w O L I PO S S J

Figure 2-75.

TR e —-
A B S

Active Seismic Experiment (ASE) Subsystem

2-163



ALSEP-MT-03

ively open launch tubes which minimize the recoil from thc 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 bosrd 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 tuke. Two fine copper wires are looped
around each range line. The first loop is spaced so that it will break when the
grenade is about 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
rocke* moto, 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 é.nd serves as a half wave end feed antenna.

The launch tubes for grenades two, three, and four each contéin a microswitch
closed by'launching the grenade. Each switch connects the firing command from
a sequential grenade firing circuit to the nexi gr-enade 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 control circuitry.

_j 2-164
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The two-axis inclinometer provides pitch and roll angle (deviation from the
vertical) information on the mortar package. The analog outputs from the angle
transducers are applied to the data handling function of the ASE.

2-160. Interconnecting Cables. A coaxial cable connects the antenna on the
mortar box and the central station electronics. 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

sensing, calibration, signal conditioning and data hardling.

Included as sub-

assemblies are the geophone amplifier, the ASE receiver, and the A/D Converter

and multiplexer.

2-162.

;A_SE Leading Particulare. Table 2-23 ASE Leading Particulars

ist the

size, weight, and power requirements for the ASE componenfs and asse...olies.

Table 2-23. ASE Leading Particulzrs

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 pounds
Geophones
Height (including spike) " 4,80 inchrs
. Diameter 1. 66 inches
Weight (three geophones with cables) 2. 95 pounas
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) O

Characteristic Value

Frequency Re spo'ns e

1 Grenade Launch Ass’embly

: Width 9.0 inches
¥ Length 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 Assemrbly -
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
10 to 100 Hz +3db '
: 100 to 250 Hz +6 db .
4 250 to 450 Hz .Less than +1 db
1 450 to 500 Hz Less than -35 db
H 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. 0wa.is
Thermal control (Standby) .1, 75 watts . ¢

2-163, ASE FUNCTIONAL DESCFIPTION

The ASE has three basic cperating modes related directly to the seismic energy
sorrce 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 patural 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. Inthe thumper mal e, tlie 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. Comprassion waves generated in
the lunar surface and near surface material are detected »y 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
individualiy 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 launch 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. Ir the passive listening mode, the seismic
detection system monitors natural seismic activity generated by tectonic disturb-
ances or meteoroid impacts. The ALSEP data subsysiem 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 gcneration, 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. <

. ( GEOPHONE CALIBRATE COMMAND (1)

THUMPER ARM & SEISMIC GEOPHONE TEMP,
FIRE (MANUAL) CE 1EMPERATURE
GRENADE ARM L SEISMIC |_LUNAR SURFACE | SICNAL ——
TIRE CONMANDSTT™] SIGNAL MOTION DETECTION | SEISMIC AND CALIB.
GENERATION | aASi FIRED (RTE) "SIGNA.' S
I ARM GRENADES AND REAL TIME EVENT DAT/ ‘
ANALOG
OPERATING GI'-A ELECTRONICS (MOK TAR BOX) TEMPERA TURE - | sTATUS
POWER GLA LLAUNCH TUBE ASSEMBLY (LTA) TEMPERATURE DATA TO
- DATA
HMPA SITING ANGLES AND INCLINOMETER VOLT.\GE L SUBSYSTEM
FROM DATA THUMPER ARM
suasvsrmw 18V 15V
: . Pt 4 4V
-’3!—-————-. - .!v
L8 POWER L .12v
CONTROL
239V (OPER:) s+ 20V OPERATING POWER
129V (STANDBY) , -
#9V STANDBY PCWER 32 WORDS
DICITAL
SCIENTIFIC
geKHicrock  JTIMING | 7IMING AND CONTROLPULSES I baTA AND STATUS
PULSES AND . HANDLING [ DATA TO
| conTrOL DATA
bt anied SUBSYSTEM
L“G AND PCU STATUS DATA (5 LINES) 1

Figure 2-76. Active Seismic Experiment (ASE) Subsystem,
Functional Block Diagrem
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2-168. ASE Seismic Signal Generation, Seismic waves will be artificially gen- _
erated using two methods, The thumper initiatorc and the grenade high explosives (}
will provide the energy for sismi: 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 'aunched by
com.mands from Farth. Figure 2-77 illustrates the seismic signal generation

function.

The a: .onaut will remove the thumper from the subpackage and place it in a tem-
porary location, The mortar package assembly will be deployed 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 tne geophones. Actual angle of the mortar package
from the vertical will be sensed by the two-axis inclinometer and its transdu :rs
will provide analog signals cuataining 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 vnwind the geophone cable from the
thumper as the geophones are emplanted at the prescribed 10, 166, and 319 foot
distances from the central station. The thumper power and signal cable wiil also
be unwound as the astrunaut deploys the geophones. Whe' the gecphones i.2-:
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 initiatcrs (ASI) which are inaividually se-
lected and fired by activation of the selector switch and the arm/fire switch on *tue
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 rutated and held in that position approximately
four seconds before the circuit is armed. Rotating the arm/fire switch charges
the firing capacitor and generates a2 thumper arm signal which is appiied to the
ASE data handling function. After arming, the thumper is fired by depressing the
arm/fire switch, discharging the capacitor and firing th: seiected ASI. The in-
stant of initiation is monitored by the pressure force momentxrily closing a pres-
sure switch on the initiator mounting plate. Closing the prrssure switch generates
a signal to the real tirne event logic for application to the AV data handling func-
tion. The real time event logic establishes the event identificationfor 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 waver generated
with a known force at known distances and times will permit determination of the
physical proparties of the Junar material.

'

After completion of the thumping process, the as‘r:uaut will return to t.he mortar

- package. The astronaut will remov~ a safety pia assembly und open two shorting

(safe/arm) cwitches. The mortar package will remain in this configuration until

2-108
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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 C
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 effect.. 1 through multilayer aluminized mylar insulation and
two temperature sensors operating in conjunction ~vith 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 bty 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 pulse 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 enhamncing 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, i

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 iriterlocking switches connect
the sequential firing circuit to the grenade firing circuits as the grenades are

- e
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launched. Initially, the sequential fire command is applied to grcnade 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 for 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.

FROM —
DATA ‘ , E TE
SUBSYSTEM TEMPERATURE CE TEMP., DATA
SENSOR
GEOPHONE
CALIBRATE
COMMAND |
COMMAND .
GATING CA”B“TION TO DATA
r HANDLING
} GEOPHONE CALIBRATION SIGNAL
LUNAR GEOPHONE AMPL. NO. 1 OUTPUT
SURFACE - L
MOTION _ | GEOPHONES| SEISMIC " AMPLIFIERS |GEOPHONE AMPL. NO. 2 OUTPUT
: Q) SIGNALS e GEOPHONE AMPL. NO. 3 OUTPUT
6 L GEOPHONE NO, 1| TEMPERATURE DATA
" | ANALOG STATUS
. DATA TO DATA
CE CE TEMP, DATA | SUBSYSTEM
TEMPERATURE
SENSOR |

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 i
pulse type calibrator 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 u:dicating 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 monitored except when the ASE is acti-

vated which is fer -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 /¥igure 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
forrmat, The shift register multiplexing logic selects the data to be loaded into the
shift register through analog-to-digital converter, frame, holding, and control
pates. A start pulse is applied to the analog-to-digital converter and multiplexer
of the data handling function from the decnder of the timing and control function.

FRAME
PULSE A/D CONVERTER GATE PULSE

FROM DATA| 10. 6 KHZ CLOCK HOLDING! SHIFT R EGISTER FRAME GATE PULSES
SUBSYSTEM (P 3 TIMING

PULSES PULSE _ | MULTIPLEXING LOGIC | HOLDING GATE PULSES - | TO ASE

CONTROL. GATE PULSES DATA
| HANDLING
L DECODER PULSES
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

scquence 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, o o A

2-17)1. 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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MULTIPLEXER AND :‘:;‘ggi;fx“ |, TO DAT+
’ A/D CONVERTER GATES REGISTER SUBSYSTt i/

CE TEMFERATURE DATA f TT1T 11 1 ’ t
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SEISMIC GEOPHONE AMPL. NO. 2 OUTPUT BUFFER
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GLA ROLL ANGLE
FROM GLA PITCH ANGLE
SEISMIC INCLINOMETER VOLTAGE
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GENERATION } ppap TIME EVENTS

ARM THUMPER

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-
.nents. 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 counicrs 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 evury 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 multiplexer 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
! 3 ) Sensot Bits/ Samples/
; ¥ Symbol l.ocation/Name Channel Range Accuracy Sample Sec

Wher the Active Seismic is not operating the following measurements are provided
thraugh the 90-channe! multiplexer of the Data S/S.

Active Seismic Temperatures {From Table 1) “
AS. ) Centrs) Station Package Temp. 29 -40°C 10 +100°C +3% L} . 0188
AS.2 Mortar Bo¢ Temp. “ -75°C ta ¢100°C 03°c [) o188
AS.) Grenade Launcher Aesembly Temp. $5 -15°C tc +100°C 1% ] .018%
AS-4 Geophone Temp n -229°C w0 ¢130°C +3°c [] .018%
Active Seiamic Measurements ’ . \d
AlS Word Subwe.

DS.17 Frame Sync ol L2 N/A N/A 10 16.56

N DS-2 Geophone §2  Data Al 3 s 530 '
DS.3 Geophone #3 Data Al 4 1 ] 530
Ds-1 Geophone 11 Data 2 1 s 530

2 through 32 2 [ 530,

AR.¢  ° RTG Cold Frame Temp. #1 .0 1 400° 1 00 600°F s’y ] 16.56
AL.S  Sbunt Regulator #1 Curreat .6 1 803 SADC [$1} [ 16. 36
. XY 43V Telomotry .0 t 0t 8.2 VDC 40.5% s 16.36
D¢ Piteh Angle 210 ] a10° *0.5% [ 16.56
DS-7 Roll Angle 1,12 1 «l® €0.5% [ 16. 36
AS.3  Grenade Launcher Acsembly Temp, 13, 14 1 «25°C o0 +100°C «3%c . 16.56
Ds.8 Geophone Callbrate Pules 15,16 1 0% 45V 1% (] 16.36
DS.11  A/D Calibration 3. 75V mie | 3.5 4.0 VDC €0, 3% ] 16. 36
DS-10  A/D Calibration 1, 25V . 19.20 1 1.0%0 LS VDC *0 % 0 16. 36
AS-1 Ceatral Station Package Temp. .22 h -40°C 0 + 100°C a%°cC ] 16.56
ALY Coaverter lnput Voltage 23,24 1 9 % 20 YDC (31 ] s 6.6
AZ.¢ aput Current 28.26 1 Ot $ ADC 2% L] 16. 56
AR.]1  RTGHot Frame Temp. #) 1,20 1 950°r to 11587 ssor [ 16. 56
DS.18  Mark Event 9 \ N/A N/A s N/A
D5.19  Werd Count & i N/A N/A s N/A
DS-20  Eveat Bit Count &, ) N/A N/A s N/A
06-13  Mote ID ] 1 N/A N/A 3 16,56

] la the firet 10 bits of the word.

(2 The firet four bite of the messurement are carried (a the fizst four bita of the 0dd word. The Last lowr bite of the
measurement are carried Ln the first four bits of the even word. In each case the last (or fifth) bit of each eud-

word is epa s
o Mark code when Real Time h-.nl occurs during peior frame {(zame = 32 word sequence)
o Measures word ia prior frame during which Real Time Event occurred.
o Moasures b1 during which Real Time Event occurred (a above werd In prior frame.
© B the firet 3 bite of the subword « ether & bits pot waed. ’ ¢

o

il
[\
.
—
Py
L)
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format to the bi-phase modulator of the data subsystem for modulation and down-
link transmission, '

The analoé-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 distribvtion unit (PDU) to the ASE at 45, +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 overloadiag 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 45 volt line, and the -12 volt
line are limited to 150, 500 and 150 milliamperes respectively in the ASE power
control circuitry,

+29v .
/ OPERATING POWER +29v (OPERATINGL\
+29V STANDBY POWER +29V ISTANDBY) .
| !
RELAY
A h DRIVER 4 RESET - LTO ASE
o e € ' FUNCTIONS
RELAY RESET
POWER SIGNAL
+15V N X _ ] +15V_
Y5V | RELAY | CURRENT 45V
™| POWER ™| LoaTER >/
. 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

- - ' W
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approximately 650 psi in a 10 cc volume. In the thumper, the ASI's are discharged
directiy against a spring loaded impact plate. With the thurnper 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 not 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
froin 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-
mum of four seconds. The selected ASI is fired by pressing the same switch in,
which applies a capacitor charge across the ASI, Should for any rearon the firing
sequence be stopped after the thumper is armed, the released ARM/FIRE control
returns to its normal unactivated position which automatically discharges the
arming capacitors in a matter of milliseconds.

i ‘i‘hg 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 ©icking 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 ia 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 oz 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 GLA 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 GLA is provided with
safety release 'piﬁs 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 rcleas? assembly is used to perform the same function and is

2-176
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only removead 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 cvnlosive SBASI's
are not connected to the grenade firing circuits and are shorted ou. hy special test
connectors inserted in the bottom of each grenade. Just prior to fliyht these con-
nectors are removed and flight connectors are installed which connect the SBASI's
to the firing circuit leads.

Two SAFE/AFM switches on the mortar package are used to assure a safe mortar
package assembly while the astronaut is present on the lunar surface., One switch
opens the arming circuit between the ASE central electronic and the raortar
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
.prevents the thermal battery output from the high explosive firing circuitry, and
provides a low impedance to tljie 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 tec 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 i8 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 ars 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,

‘ A 2-177
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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- C}

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 thar. 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 psckage through the ASE central electronics, Operational power to the
ASE is sv itched off by the ALSEP astronaut switch which prevents application of
operztivnai power even if : command is inadvertently sent from MSFN to turn the
power on.

€
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2-176, HEAT FLOW EXPERIMENT (HFIl) SUBSYSTEM

The heat flow experiment (HF L) 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 tiermal history of the Moon

c. A lunar temperature versus depth prof.le

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 i:terior.

The HFE is deployed with the two sensor probles emplantzd in the lunazx 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 HF'E
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 HF E engineering
status datums are subcommutated with other ALSEP engineering and housekeeping
datums in word 32 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, hcaters, and the associated elec-
trical wiring. Each probe has two sections, each 55 cm 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 scnsors consists of two resistance
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Figure 2-82. Heat Flow Fxperiment (HFE) Subsystem
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elements. These four resistance elements are connected iy, ,, , ,
cizcuit. Ring sensors are located 10 cm from each end of . ), ,,,
Each of these two ring sensors has two resistance elements. '
tance elements are connected into an electrical bridge circuit,
couples are located in the cable of each probe.

ctircal b,

liee BOECYL ,‘

Theze four re 14,
Four thermao.

The heat flow electronics package contains six printed circuit boards which ma:=
the electronic circuits of the experiment. An external cable reel houses the HF i.
central station cable and facilitates deployment. A sunshield thermally protects
the electron.cs 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 electronics package
is thermally protected Ly 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 incl.es 13x9x8
Weight of probes (both packaged 1 3.50
for flight) in pounds

| -

Weight of electronics unit in 6.20
pounds i -

Power Requirements

Mode 1 o 6.0 watts (day)
' 9. 5 watts (night)
. Mode 2 C o 11.0 watts (day or night)
{ Mode 3 ' 9.0 watts (day only)
' 3\ 2-178. HFE FUNCTIONAL DESCRIPTION
B 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-
’1 ature measurement, conductivity heater, data handling, and power and electronics
1 thermal control.

K
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Figure 2-83. Heat Flow Experiment, Functional Block Diagram

The command processing function receives 10 different Earth cox;lmands (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 funclion. The conductivity heater function receives heater selact stepping
signals for discrete operation of all eight 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, , £




R " . ek - oy B A A e e Y S 5 N e ey » " - L e e . R

ALSEP-MT-03

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 Proceéssing 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 Select1 (HFE MODX/G SEL)
CH-2 136 Low Conductivity Mode Sele;t (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 #Zz (HFE LOAD 2)
CH-9 146 HF Subsequence #32 (HFE LOAD 3)
CH-10 | 152 ' HF Heater Advance (HFE HTR STEPS)

(Steps through feollowing 16-sten 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 (norma.l or gradient mode), mode 2
(low conductivity mode), and mode 3 (high conductivity mode). : . 5
.2 ] .. ' A N
Operation of the HFE in performing measurements in modes 1 and 2 are idcntical;
but in mode 2, the probe heater constant currcnt 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, = * ' v .

Operation of the HFE in performing medsuremerits 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- 4
tion utilizes the gradient bridge sensors in conjunction with the heaters, while
mode 1 operation utilizes only the gradient bridge sensors with the heaters tur“xed
off. In addition, the HFE is preset to mode 1 and full measurement sequence em-
ploymg the gradxent bndge senSors upon tu"n-on. o , Sy
<t I . I
The measurement select reguter is a logic circ it that semses various combina-
tions of commands C4 and C7 through C9, It determines the medsurement routine

2-184
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for modes 1 and 2. In addition, the measurement select register acts as a
mutually exclusive circuit when sensing command 4 thus setting up subscquent
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 o;.

- tion of selecting probe 1 or probe 2 independently during any temperature measu.
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 seiect register and remote bridge select register.

2-181. HFE Timing and Control Function. The timing and control function is
shown in Figure 2-85 and consists of the measurement sequence programmer,

400 KHz clock, and the measurement sequence decoder. Timing and control 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 HI £ measurement sequencing
in modes 1 and 2 in response to measurement select signals. Sequence status is
applied through the sequent‘e 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 Ng) to be taken (see Table 2-26). It pro-
vides a data control gate and digital subsequence status data through the decoder
to the data handling function.

Signals ruvceived from the measurement sequence programmer and the subse-
quence programmer 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
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bequential 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-( 4 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 (ATH 1) selected
‘ in Mode 2
6 DH-06 Temperature difference, lower gradient bridge probe 1 (AT, L)
7 DH-07 Temperature difference, upper gradient bridge probe 2 (aT,. L)
8 DH-08 Temperature difference, lower gradient bridge probe 2 { ':'TZZL )
Ambient Temperature
92 DH-09 Upper gradient bridge probe 1 (Tu)
10 DH-10 Lower gradient bridge probe 1 (le)
il DH-11 Upper gradient bridge probe 2 (TZI)
12 DH-12 Lower gradient bridge probe 2 (T22)




Table 2-27. HFE Measurements (cont)

kequential Heater
Order Symbol Measurements aad 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-TC;(4)) Mode 1
. DH-24 Thermocouple 4 - thermocouple 1 (TCy(4) - TCy(1)) as
DH-34 Thermocouple 4 - thermocouple 2 (TC1 (4) - TC; (2)) selected
DH-44 Thermocouple 4 - thermocouple 3 (TC) (4) - TC; (3)) in Mode 2
15 DH-15 Thermocouple reference junction thermometer (T ref)
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 1 - bridge 1 OFF
DH-52 - | Differential temp. probe 1 - bridge 1 H,, ON
DH-53 Ambient temp. probe 1 - biridge 1 H,, ON
DH-60 Differential temp. probe 1 - bridge 2 OFF
DH-61 Ambient temp. probe 1 - bridge 2 OFF
DH-62 Differential temp. probe 1 - bridge 2 Hlj4 ON
DH-63 H), ON

Ambiznt temp. probe 1 - bridge 2
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Table 2-27. HFE Measurements (cont)

iSequential

Heater
Crder Symbol Measurement and Location Status
Mode 3 (High Conductivity) (cont)
DH-56 Differential temp. probe 1 - bridge 1 Or'F
DH-57 Ambient temp. probe 1 - bridge 1 OFF
DH-58 Differential temp. probe 1 - bridge 1 H;, ON
‘DH-59 Ambient temp. probe 1 - bridge 1 H, 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 H;3 ON
DH-69 Ambient temp. probe 1 - bridge 2 H,; 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 1 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 Hz,4, ON
DH-83 Ambient temp. probe 2 - bridge 2 H,, 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,, ON
DH-79 Ambient temp. probe 2 - bridge 1 H,, ON
DH-86 Differential temp. probe 2 - bridge 2 OFF
- DH-87 Ambienttemp. probd 2 - bridge 2 OFF
DH-88 Differential temp. probe 2- bridge 2 HZS ON
DH-89 Ambient temp. probe 2 - bridge 2 H;3 ON
b

(3
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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:

f High Sensitivity Low

and Trei Sensitivity Ambient

+ Excitation Volts + Current* + Excitation Volts
1 ' .+ Bridge Output Volts + Bridge Ou;:put Volts + Current*

- Excitation Volts . = Current* » - Excitation Volts

- Bridge Output Volts - Bridge 6;;put Volts - Current*

*Voltage across a current measuring resistor. |

'Note 2 Each pair of Mode 3 measurements ;s selected by execution of heater advance command 10.

;

681-¢

€0- LN-dASTV



i
] ALSEP-MT-03
3 i o CONDUCTVITY -~
: — | HEATIR C
ALSEP I FUNCTION
DATA LSEP SHIFT PULSES >
| SUBSYSTEM
b > ASUR .
MEASUREMENT SELECT SIGNALS :‘c[oj:um?m -— P.P. 5. ENABLE SIGNAL | TEMPERATURE
PROBE SELECT SIGNALS ! PROGRAMMER BRIDGE SELECT SIGNAL | MEASUREMENT
90TH FRAME MARK - »= 1 FUNCTION
4 DATA GATE O
MODE STATUS o v
= | 0ATA
| SUBSEQUENCE MEASUREMENT |ommorao R STATUS o 1 ANDLING
COMMAND >
PROCESSOR PROGRAMMER [>]sequence  |SEQUENCESTATUS _ _ § uncrion
FUNCTION 400 KHe ___r"' DECODER HEATER STATUS i
CLOCK > -
MODE SELECT SIGNALS ) MODE SELECT SIGNALS
HEATER SELECT S IGNALS - HEATER SELECT SIGNALS, matacnvm
REMOTE BRIDGE SELECT SIGNALS 1 : FUNCTION
Figure 2.85. HFE Timing and Control Function, Block Diagramn
-///' e .
f// e HIGH SENSITIVITY DIFERENTIALTEMP OATA. |
: o GRADIENT RENTIAL TEMP DATA
LONAR SOIL % AL - BRIDGE LOW SENSITIVITY DIFFERENTIAL =t 0
Z . SENSORS) SENSORS  JAVERAGE, ABSOLUTE TEMPERATUREDATA .1 A
—— i A
| SELECT SIGNAL "
NG
AND 1 N
CONTROL r - ’ .
FUNCTION PULSE [3NSOR THERMOCOUPLE L
. ENABLE S IGNAL ECITATION SENSOR GROUPING | AVERAGE, ABSOLUTE TEMP DATA '
‘ POWER 10N feei A -
SWITCHING AND REFERENCE M
SUPPLY
circur ™ BRIDGE (]
F »
) v
N
¢
)
. |
P JHieH SDSITIVITY DIfFERENTIAL TEMP DATA 0
REMOTE N
810G JAvERAGE, ABSOLUTE TEMPERATURE DATA
SENSORS _
(RING SENSORS)
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thermocouple sensor grouping and reference bridg>, 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 contrc''ed by the sen-
sor excitation switching circuit. The sensors and thermocouples are sampled to
obtain analog temperature measurement informatio 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 in a -20 to 60°C range with a orobable 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 perforraed only in mod..3 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 froni solar vadiation 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-ahsnlute temperafures 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 gradiert 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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Av- rage-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 thcrmocouples are placed at the top gradient sensor and i
at distance increments of 65, 115, and 165 cm above the top gradient sensor. The

refer :nce 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 (1, 2, 3, or 4, with 4 at the upper end of the

probe). .

Y
%

2-184, Thermal concductivity 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 heateérs, 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 at the 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 bridgé lo- ations are identified in the same manner és: 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 2t 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.

s,
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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 sequentlally 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 subsystem telemetry format.

The multiplexer compiles analog temperature data receivei from the temperature
measurement function and distributes this data to the data amp11f1er in a.c"ordance
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 insextion 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,
electr-nics 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 cont ol circuit does the actual dis=-
tribution of power and operates in conjunction with a thermostatic switch. When
the HFE patkage 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,
g 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. .

2-195
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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 O
subsequence programmer. ‘
c. Data demand which is a dc level maintained for one word time on the 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-hit 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. R) and

R, identify the state of the subsequence programmer. P), P, P3, and P4

identify the state of the measurement sequence programmer. M,, M,, and M, .
identify the state of the mode register. H), Hp, 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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b
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i e e 1 . ) -
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( RIMjololoJojoja|M]a0}l)2) 7 2|82 23]2]2]2
i
Seamm, e’ ~ ” N 7
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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
Ali-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
r ]
/
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2-191. CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT (CPLEE)
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 resultirg 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 acceleration 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, and they are of
considerable fundamental interest in plasma research. Ifthere 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 105 to 1010 particles per square

c :ntimeter/second/steradian. The CPLEE measures particles and, therefore,
characteristice 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 detecior 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.
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Figure 2-90. Charged Particle Lunar Environment
Experiment Subsystem ‘
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Table 2-29. CPLEE Leading Particulars

| Characteristic o Value

Size

10.3 x 4.5 x 10. 0 inches

Weight on Earth 5. 08 pounds

Power Requirements ) - No more than 6.5 watts for
operation and heaters

CPLEE electronics consist of the following major subassemblies:

a. Switchable power supply (deflection plate voltages)
b. Power supply for Analyzer A
c. Power supply for Analyzer B
d. Low voltage power supply
" e. Logic module
f. Amplifiers module
g- Ancillary module.
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Figure 2-91. CPLEE Major Componcnts
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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.
Twn apertures in the support plate provide particle access to the deteciors. A

m 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 {or 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 DESCNIPTION
The CFLEE 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. ;
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Figurc 2-92. CPLEE, Functional Block Diagram
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The polarity and rnergy content of charged particles are measured in a program-
med sequence. ‘Ihese data are reported to data handling which converts them in a
programmed scquence to digital format compatible with the ALSEP telemetry

frame. These diyital data are stored until requested by the data subsystem for
down-link transuisgsion 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 radiiation 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 automat.c 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
7 Channeltron
voltayge incregge ON
8 ) Channeltron @

voltage increase OFF

When operim}.a power is applied to CPLEE, the thermal control circuitry is pre-
set in an autnrnatic mode.  Automatic control consists of the thermostat and
heaters contrniling the temperature. Command 1 overrides the automatic mode by

removing the t-.crmostat from the active thermal control circuits and applymg
+28 volts to tr.e heaters continuously,
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Command 2 turns off the heater. In this mode the experiment operates witihout
any activc thermal control. The thermal control is returned to the auntomatic 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 b).r command 6,
command 5 will permit the deflection voltage to be manually stepped to any of the
operating positions (3500, 350, *35, background, ur test oscillato:).

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 ogerating voltage
can be incieased 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. i

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 ®electron
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 depoaited over the in-
terior surface of the tube. When a potential difference is applied between the enus
of the tube, an electric field is established down its .ength. Any electron ejected
from the inside surface by photoelectric or fgecondary 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 occurs
| when the potential difference {s such that these free eclectrons gain enough energy

2-204
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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 Rdetector. . Note that the knee of the gain curve
occurs at about 2700 volts. Between the knee of the curve and the saturation re-
gon, the amplitude and shape of the output pulses tend to be uniform and indepen-
dent of the type or energy level of the radiation.

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
multxplexcr in the data handling function.

Since the detector is sensitive to electrons, protcas, 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 anaiyzer used in the

CPLEE. Each physical analyzer consists of a set of entrance slits, deflection
plates, and six ‘etectors. -

2-205
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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 fivi: 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 programniing 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 ncvainal zero so that the background
flux can be measured. Particles having a particular energy level are measured v
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 asa 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 l. 21 seconds.
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Figure 2-95. CPLEE Physical Analyzer Major Components

When the experiment is turned on, the timing sequence rnay start at any poiat.
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 ithe cecond 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 switcirable power supply which
provides stepped voltages to the physical analyzer deflection plates in the detect-
ing function. ~

The switchable power supply on command from the programmer provides the fol-

e

a. *35vdc : ST Lo :
b. £350 vdc _ . S -
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 s»ecific 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 countezs 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 {o a shift register in the data handling

function upon command from the programiner. Then the count data from the shift
registers are read out as serial digital data to the ALSEP data subsystem upcn
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.

PARTICLE
CHARGED MEASUREMENT SHIFT PULSES
PARTICLE _FULIES | SHIFT REGISTERF 1y 15 pEMAND | DATA
DETECTION MULTIPLEXER COUNTERS READOUT] .
FUNCTION REGISTERS CATES  LDATA ouTpuUT ( SUBSYSTEM

6 WORDS
INHIBIT

PARTICLE SIGNAL
ff:"w“'“w" IDENTIF ICATION DATA
PROGRAMMING TRANSFER DATA
FUNCTION

Figure 2-97. CPLEE Data Handling Function,
Block Diagram

The outputs from the detecting function are received by the multiplexer. 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 particle discrimination and pro-
gramming function. The outputs from detectors 1 through 4 have only 19 bits at
this point but in the shift register the identification data, ID, sent by the particle
discrimination and programming 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 oat. ID bit number ¢ indicates the polarity (positive or negative) of the
deflection voltage, and ID bit numhers 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 contain 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. CPLEE Self-Test Function. A self-test of the preaniplifiers, amplifiers,
counters, and shift registers is provided by the test oscillator. The test oscil-
lator is energized every other time the switchable power supply in the particle
discrimination and programming function switches to zero volts. Therefore, a
sclf-test is made of all the signal processmg 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. f

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 aourcé is reduced to
less than 0. 1 count per second on any one detection channel. ,
/ 0
2-200. CPLEE Environmental Control Function. The CPLEE'is designed to oper-
ale over a temperature range of -50 to +150 degrees F and to survive a nonopera-
tional iemperature 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 f{iberglass with spaces be-
tween the layers. The top of the CPLEE is a thermal plate to which all of the
CPLEE electronics are msunted. This thermal plate functions as a heat sink and
radiates excess operation-generated heat into the lunar atmosphere

For active thermalcontrol, the CPLEE has heaters and a the mcstat mounted to

the underside of this thermal plate to maintain operating temperature levels dur-
ir,g the lunar night. Earth command 1 bypassesz the automatic thermal control
employing the thermostat, and turns the heatei on. Earth command 2 bypasses
the thermostat and turns the neater off. Auto - atic control is reinstated by switch-
ing the operating power off and then on.

The CPLEE has a dust cover that protectst sensc. apertures and thermal con-
trol surfaces from dust until after LM ascent. The dust « ver is removed by
Earth command 3 which detonates two squibs that relezc spring retention de-
vice. The dust cove~ 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
AISEP 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 telemetryv 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 {rom 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 operatioa
for each physical analyzer. Word assignment is as follows:

Initial T/M Frame

Words 7and 17 . . Detector 1

Words 19 and 23 Del;ector 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 CPLET 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 determinc 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 »p 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
routced 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 nct 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, proportional 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 Ion 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 use. 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 ampli'fier 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-
tronics package assembly; ‘
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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 429 vdc

2-206. Structural Housing. The structural housing consists of a base and a fiber-
glass housing ‘or the electronic circuits and the gauge sensor. The top plate
serves as & 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 tne thermal control during normal operation.

2-208. CCGE FUNCTIONAL DESCRIPTION.

The CCGE is divided into four major functional elements; measurement function,
timing and control function, 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 (CCIG),
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 provides rang: control signals to the measurement
function and timing signals to the data handling function. The range sensitivity

stepping of the electrometeér amplifier is controlled by the timing and control func-
t'-a 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 app'ies them to the timing ard contr

. function or the measurement function as appropriate.

The data handling function accepts digital and analog data from the cther function.
elements of the experiment, converts as necessary, commutates, and gates out
the scientific and engineering data to the central station data subsysteir at word
times required by the telemetry format of ALSEP central station.

2-209. CCGE DETAILED FUNCTIONAL DESCRIPTION.

The four major functions and the t\-©o additional functions of the CCGE are dis-
cussed in detail in the following data flow sequence: measurement funcciun,
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 correspo: .ing to atmospheric pressures of
10-6 torr to approximately 10-12 torr. The measurement function consists of the
cold cathode ion gauge (CCIG) sensor, electrometer, current calibrator, zero
mode calibrator, range pocition analyzer, range selector network, CCIG tempera
ture sensor and monitor, and aperture seal mechamsm

/
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 neuvtral atoms entering the sensor. Jlo.. produced by thes
collisions are collected by the cathode of a pair of sensor clectrodes which main-
tain the electrostatic field. A +4500 vol+ dc potential is applied to the anode to
create the electrostatic field. The flow of positive ion current is found .o be pro-
portional to the number density of the gas molecules within the gauge. Therefore
a minute current flow ' to the input of the electrometer amplifier.

The electrometer cons’'sts of an input amplifier, seven position sensitivity rangin
network, offset compensation network, and a buffer amplifier output. The input
amplifier measures and converts th: gauge input current to an analog voltage and
applies this to the buffer amplifier >utput which provides the data handling functio
with the gauge analog voltage representing the primary scicentific data output. The
sensit’ ity of the measurement is determined by ecne of the seven possible ranges
available from the seven-position 3ensitivity ransing netwcrk. The network oper-
ates in'¢conjunction with the input amplifier to provide measurement sensitivity in
increments of one tenth of an anipere within the mic' v and micro-micro ampere
range. Measurement sensitivity range one represents the lowest sensitivity (one
microampere input current) and range seven represents the highest sensitivity
(one micro-microampere input current), Selection of sensitivity ranges one
through seven is determined either by external command signals, or by electro-
meter output voltages, and precision stepping signale. The offset compensation
network is a special iunction of the electrometer that memorizes signal drift and
operates in conjunction with the zero mode calibrator to correct (compensate) for
this drifting.

2-21



ait T

PO

" it et Seiret Buisanh Wy et ok e St < o

K

e u AR b e

[ Y g e ke R

R T N T T

W L R Neh R e Yy ., \m ~

Coemreer T

S
T i iah 1 e e i PR 1 e ad Rey & PIRY WO PEIPew WPy Joks. P PP LN W W S
* ‘} (v PO \
(' AUTD ZERO COMMAND
. CA(EBRATE COMMAND
,
FROM UP RANGE CUNVAAND
COMMAND €  DC'¥N RANGE COMMAND i
FONCTIOW
BREAK SEAL APERTUPE CURRENT ZERO MODE
\ COMMAND SEAL NSCHAN!SM CALIBRATOR CALIBRATOR 5
) \ 2
y Y GAUGE OUIPUT CURRENT ANALOG GAUGE OUTPUT 10 %
: | T > ANALOG RANGE CUTPUT T CENTRAL '
. el coe | A ELECTROMETER STATION E
FROM UNA - SENSITIVITY GUAGE OUTPUT ANALOG VOLTAGE \ X
awosrere 1 ¥y oneon 1H RANGE ‘ - o
l 0 SELECTION Y S v w
vl I o
R) —_— E
SR .
} RANGE RANGE 2 Rance ~ A
RELAY - SELECTOR POSITION - >
DRIVERS NETWORK i) NALYZER - *F'Sfjc"h‘g:
FROM TIMING }
AND RANGE STEPPING SIGNALS
CONTROL RINCTION : l
FROM + &00VOLTS -
POWZR cciG
FONCTION > TEHPERATURE | TEMPERATURE | GAUGE TEMPLRATURE ANALOG VOLTAGE
MONITOR
SENSOR
Figure 2-101. CCGE Measurement Function, Block Diagram
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The current calibrator provides the electrometer with a precision current source
for calibrating purposes. The current calibrator is operative on receipt of a
calibrate command from the command function and automatically after an auto-
zero function. In the auto mode, range stepping signals cause the electrometer to
step through the seven sensitivity ranges allowing each range to be calibrated with
respect to the precision current source.

The zero mode calibrator provides the clectrometer with the correction signal
necessary to compensate for signal drift. The zero miode calibrator operates
every 30 minutes and 55 seconds as determined by the timing and control function.
The memorized amount of signal drift is received from the offset compensation
network within the electrometer. During this period the gauge input current re-
lay is disvonnected from the electrometer and after zeroing compensation re-
mains disconnected until the automatic calibration completes the function described
in‘the current calibrator paragraph above.

The range position analyzer consists of a command and control subfunction and an
up-down comparator. The command and control subfunction handles the uprange
and downrange commands from the command function. When the uprange com-
mand is present as an input signal to the range position analyzer command and
contrc: subfunction the range position analyzer produces an output-signal that
steps the range sensitivity network up one position within the range selector net-
work. The opposite occurs when the downrange signal is present. The up-down
comparator operates in a similar manner. When the electrometer output voltage
reaches a value that is either to high or too low a different range is automatically
selected by the action of the up-down comparator. The up-down comparator pro-
duces and upper-trip-point signal or a lcwer-trip-point signal that results in an
up-signal or down-signal to the range selector network and eventually producing

a corresponding sensitivity range change.

The range selector network consists of a series of counting registers which track
the seven sensitivity ranges and generate the step pulse that changes the electro-
meter measurement sensitivity range either one step up or one step down. The
output signal of the range selector network is applied to the range relay drivers.
The range relay drivers produce the required current magnitude to actuate the ap-
propriate range relay within the clectrometer and effect the sensitivity range
change.

The CCIG temperature sensor operates in conjunction with the temperature
monitor function to produce the gauge temperature analog voltage which is sent to
the data handling function for data processing. The signal developed across the
transducer is applied to the temperature monitor for signal conditioning and sub-
sequent application to the data handling function.

Two science data analog voltage lines go directly to the central station data sub-

systemn via the data handling function to insure receipt of electrometer gauge out-
put data aad range data in case of digital electronic logic circuit failure,
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A break seal command from the command function operates the aperture seal
mechanism to remove the scal from the CCIG orifice and expose the CCIG to the
lunar atmosphere. The seal is removed by an explosive actuated piston releasing
a spring which normally holds the seal over the aperture.

2-211. CCGE Timing and Control Function. The timing and control function (Fig-
ure 2-102) provides timing and control signals to the measurement, command, and
data handling functions. Basic timing is received from the ALSEP data subsystem
in the form of shift, data demand, and frame mark, pulses to the logic timing of
the multiplexer controller. Command pulses from the command function are the
other inputs to the timing and control function. The timing and control function.
The timing and control function consists of the frame mark counter, shift pulse
counter, multiplexer controller, data transfer sequencer, housekeeping submulti-
plexer, CCGE word counter, zero mode timer, and range calibration stepping
timer.

" The frame mark counter and shift pulse counter track the basic timing from the

central station data subsystem. The output of the frame mark counter operates in
conjunction with the data demand pulse to establish the origin point for subsequent
CCGE word events. The output pulses of the shift pulse counter operate during the
data demand pulse period to establish the origin point of CCGE bit events.

The multiplexer controller is the primary time reference distribution and status
reporting function. The multiplexer controller establishes timing control signals
within each data frame to perform analog-to-digital conversion and data formatting
for ALSEP telemetry frame correspondence. Frame mark, data demand, and

shift pulses are distributed to the appropriate circuits to accomplish these functions.
Commands that are received and decoded by the command function are applied to

the multiplexer controller to control the operating modes. The state of all the
timing and control functions is recorded by registers and reported as control data

to the data handling function for incorporation into CCGE word one.

The data transfer sequencer tracks the ALSEP shift pulses and applies the signal
conditionud shift pulses to the data transfer register for synchronized storing, con-
verting, transferring, and clearing of binary data.

The housekeeping submultiplexer in conjunction with the CCGE word counter
operate to control the subcommutation of four different types of engineering data
into CCGE word five. The CCGE counter generates a pulse after accumulating a
total of five data demand pulses. This enables the housekeeping submultiplexer to
identify the fifth CCGE word. By counting frame mark pulses, the housekeeping
submultiplexer can relate :he appropriate type of engineering data to each re-
occurring CCGE word five and therefore account for all four types of engineering
data at the required time. The housekeeping submultiplexer gating and status sig-
nal are sent to the data handling function for implementation and identification of
engineering data subcommutation events related to CCGE word five.
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The zero mode timer accumulates the ALSEP frame mark count. When a 3072
ALSEP frame mark count is obtained (corresponding to 30 min and 55 sec of
ALSEP operation), the zero mode command signal is generated to initiate the
zeroing and automatic calibration of the electrometer operating in the measure-
ment function. The command inhibits the gauge current entering the electrometer
amplifying circuit so that calibration currents can be inserted in lieu of the gauge
current. The zero mode command takes precedence over all other commands. In
additicn, the zero mode command initially inhibits the range calibration stepping
timer, and after 10 seconds, provides an enable pulse. The range calibration
stepping timer then operates to provide precision timing pulses in the form of
range stepping signals to allow calibration of the electrometer in all seven mea-=-
suremen{ sensitivity ranges. The range calibration can also be activated by the
manual ranging mode command, allowing extended calibration in any desired
range. The down range command has a secondary function which is to activate
the squib which plcases the gauge dust cover. This is a ''one time'' event. An
uprange command prior to the downrange command may be required after experi-
ment turn on to set the circuitry into the correct state.

2-212. CCGE Command Functicn. Five command lines are provided from the
ALSEP data subsystem to the CCGE (Figure 2-103). The uprange, calibration
mode set, manual mode, downrange, and automatic, operate mode commands are
received from the MSFN ground stations through the ALSEP data subsystem, de-
coded, and applied to the CCGE command function, The coinmand function estab-
lishes the operating modes in conjunction with the timing and control function to
perform range changing, calibration, and data measurement.

The range changing mode is selected by the Uprange or Downrange commands
in the manual mode of operation. The manual mode can be selected for either
science or calibration data. The manual mode command also provides the clock
pulse to the range counter for either up or down rdange operation, changing the
range by one step in the required direction upon command transmission. There

are : 2ven sensitivity ranges available for selection by the uprange and downrange
commands.

The calibration mode of operation is initiated by the calibration mode set command
or by the zero mode command in the auto mode of operation. The calibrate com-
mand sets the logic to the manual mode of operation. The zeru mode command
signal takes precedence over all other commands, and through the command mode
inhibitor, locks out the functioning of the command mode decoder while allowing
the automatic calibration cycle to occur within the electrometer.

The data mmeasurement modes of operation occur either in the automatic operate
mode or the manual mode. In the automatic operate mode the range counter steps
between ranges as determined by the Up-Down comparator in conjunction with the
Range counter." The stepping between ranges occur at 10 second intervals when a
change of more than one range occur, eg during the calibration cycle after ze:oing
in the manuaal mode the range is determined by ground command.
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2-213. CCCF Data Handling Function. - The major elements of the data handling
function (Figure 2-104) are the analog multiplexer, analog-to-digital converter,
and the data transfer register. All of the data handling functional elements
operate to apply science and engineering digital data to the data transfer register
for transmittal to the central station data subsystem and subsequent downlink
transmission to the MSFN in a digital word format.

Science data, engineering data, mode data, range data, and control status data
from all other CCGE functions are applied to the analog multiplexer for subse-
quent commutation. The sequence of commutation is determined by the multi-
plexer controller operating in the timing and control function.

Using the analog voltage from the analog reference source and the analog voltage
from the analog multiplexer, the analog-to-digital converter performs a bit by bit
successive approximation conversion of the analog data from the multiplexer and
applies the resultant digital data to the data transfer register. The conversion
time requires ten shift pulses or one data demand period prior to being shifted out
to the central station. The eight bit data measurement is shifted out with the most
significant bit first, followed by two bits of data identification and control data in-
formation from the multiplexer controller located in the timing and control func-
tion.

The data transfer register provides data storage during analog-to-digital conver-
sion and data transfer during the ALSEP data demand period. The digital data
output is composed of 10 bits that are serially transferred at the shift pulse bit
rate during the appropriate ALSEP demand period.

There are five CCGE words alloted for every ALSEP telemetry frame. CCGE
words one through five correspond to ALSEP words 15, 31, 47, 56, and 63, re-
spectively. This relationship exists for every ALSEP frame. Each word is com-
posed of ten bits. CCGE word one will occur in all ALSEP frames as a control
word containing six parameters. These are: two bits of CCGE word identification,
one bit identifying zero mode, one bit identifying calibrate or operate mode, two
bits identifying the submultiplexing status, one bit identifying the automatic or man-
ual mode, and three bits identifying the sensitivity range of the electrometer
measurement. Gauge output scientific data (Eight bits to CCGE word 2), Gauge
temperature engineering data (Eight bits of CCGE word 3), and Package tem-
perature engineering data (Eight bits of CCGE word 4), will occur in every ALSEP
{rarne with two tits assigned to each word for word identification. The +4500volts
dc dngineering data, +15 volts dc engineering data, -15 volts dc engineering data,
and the +10 volts dc engineering data will be subcommutated into CCGE word five
(eight bits each) during five successive ALSEP frames. Since CCGE word 5 will
occur every ALSEP frame, the housekeeping submultiplexer in conjunction with
the CCGE word counter will keep track of this timing relationship and insert two

' identifying bits in CCGE word. - The housekeeping submultiplexer will count ALSEP

frames and relate this to CCGE word counts to identify the correct subcommutation
time for the corresponding one-of-four CCGE housekeeping engineering data meas-
urement times. This subcommutation cycle will repeat itself after four completed
ALSEP frames.
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2-214. CCGE Power Function - The central station power distribution unit pro-

vides the 29 volts dc basic operational power for the CCGE. In addition, a sur- {"3
vival line is applied to the CCGE to maintain heater power in the event that the R
CCGE internal electronics is turned off. The power requireinents of the CCGE do

E O

—_—
Sy

[

Noee

not exceed a power consumption of two watts for normal operation and do not ex-
ceed five watts power consumption when the thermal control function is operating
during the lunar night. The major components of the power function consists of
the low voltage supply, high voltage supply, and the voltage regulator (Fig-

ure 2-105), All three major components apply status data to the data nandling

Low
VOLTAGE
SUPPLY
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FROM
CENTRAL 29 VOLT DC RETURN
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AND
ELECTROMETER

3 i
!
Figure 2-105. CCGE J’ower Function, Block Diagram
E
1 The main pSwer supply is a low voltage power supply that derives its input power
\ (29 volts dc +2% and -5%) from the central station power distribution unit and dis-
tributes CCGE operational power to the high voltage supply, voltage regulator, and
{ all other functional logic electronic circuits in the CCGE.

The high voltage supply develops a +4500 volts dc and applies this potential to the
’ anode of the cold cathode ion gauge sensor in order that the electrostatic/magnetic
VH field be maintained across the CCIG sensor electrodes for particle measurement.

( y The voltage regulator develops a constant plus 10 volts dc and applies this poten=- .
tial to the data handling function as a reference voltage for analog-to-digital con-
version and the same potential applied to the electrometer is used as a source

calibration voltage.

2-215, CCGE Thermal Control Fuaction,

The major functional elements of the

thermal control function (Figure 2-106) are the heater, heater control circuit,

package temperature sensor, and electronic monitor,
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Figure 2-106, CC{E Thermal Control Function, Block Diagram

The heater functional elem=nts are the heater and heater controi circuit. The
heater comprises two wirz niesh heater strips controlled by a circuit with an input
signal from a temperature sensing element, The heater control provides an on/
off signal to the heater elements,

The package temperature m.onitoring function comprises a package temperature
sensor and electronic monitor. The sensor is a thermistor used to measure the
CCGE internal temperature and apply a proportional electrical signal to the elec-
tronic monitor. The sensor signal is conditioned by an operational amplifier and
applied to the data handling function for status reporting and to the heater control
circuit for initiation of heater-on and heater -off events.
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2-216. APOLLO LUNAR HAND TOOLS (ALHT) SUBSY.,, TEM

The ALHT subsystem is a collection of equipments which will be used by the astro

‘naut to perform lunar surface observations and to collect lunar material samples.

2-217. ALHT DESCRIPTION

The ALHT Subsystem consists of a carrier and various tools, instruments, and
other specialized equipment. The carrier is a metal framework designed to hold
the equipment. During the flight froimn the Earth to the Moon, the carrier is
mounted on subpackage No. 2 and contains a scoop, a brush/scriber/hand lens,
and a staff. The carrier and mounted items are about 16 inches long, 18 inches
high, and six inchee wide. The remainder of the subsystem cquipment is stowed
elsewhere 1n the lunar module during the flight. On reachingthe Moon, an astronauf
will descend from the lunar module, open the lunar niodule scientific equipment
b~y, release the ALHT Subsystem carrier from the subpackage, transport the
carrier some distance from the lunar module, unfold the carrier, and set the
carrier on the lunar surface. The equipment can then easily be remcved from or
replaced on the carrier as required. ’

The ALHT equipment can be classified into three categories according to function
as follows:

(a) Geologic sampling tools
(b) Surveying and photographic instruments’
(c) Support and auxiliary equipment.

The ALHT equipment is listed and described in Table 2-32 and illustrated in
Figures 2-107, 2-108, and 2-109,

Where possible, the tools are anodized tc minimize heat absorption from solar
radiation. Individual tools which are made up of several parts or which mate with

other tools are coded to facilitate assembly,

Table 2-32. Apollo Lunar Hand Tools

Tool Nomenclature " Description and Function

Geologic Sampling Tools

Aseptic collection device This tool is designed to take a small sample of
' ‘ ' granular material or material of low struvctural
** strength from six inches below the lunar surface
without exposing the sample to contamination.

Extension handle This tool is of aluminum alloy tubing with a
malleable, stainless stecl cap designed to be
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Apnllo Lunar Hand Tocls {cont )

Tool Nomenclature

Description and Function

Extension handle (cont. )

Three core tubes

Scoop

Sampling hammer

2-230

used as an anvil surface. The handle is designed
to be used as an extension for several other tools
&nd to permit their use without requiring t’ ¢
astronaut to kneel or bend down. The handle is
approximately 24 inches long and one ir.ch in dia-
meter. The handle contains the female half of 2
quick-disconnect fitting designed to resist com-
pression, tension, torsion, or a combination of
these loads. Also incorporated are a sliding T
handle at the top and an internal mechanism
operated by a rotating sleeve which is used with
the aseptic collection devire.

These tubes are designed to be driven or augured
into loose gravel, sandy material, or into soft
roc! such as feather rock or pumice. They are
about 15 inches in length and one in.h in diarieter
and are made of aluminum. Each tube is sup-
plied with a removable, non-serrated cutting

edge and a screw-on cap which replaccs the cutting
edge. The upper end of each tube is sealed. and
designed to be used with the extension handle or

as an anvil. Incorporated into each tube is a
device to retain loose materials in the tivbe.

The scoop is fabricated primarily of aluminum and
has a riveted-nn, hardened-steel cutting edge and
a nine-inch handle. A malleable stainless steel
anvil is on the end of the handle. The scoop is
either by itself or with the extension handle.

This tnol serves three functions; as a sampling
hammer, as a pick or mattock, and 3 a hammer
todrive the core tubes or scoop. Thi head kas a
small hammer face on one end, a broad horizontal
blade on the ot} r, and large hammering flats on
the sides. "‘he handle is fourtcen inches long and
is made of formed tubular alur. :num. On its
lower end, the hammer has a quick-disconnect to
allow attachment to the extension handle for use as
a hoe.
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Table 2-32. Apolle Lunar Hand Tools (cont )

Tool Nomenclature

Description and function

Trong s

Brush/Scriber /Hand Lens

Spring scale

The tongs are designed to allow the astronaut to
rctrieve small samples from the lunar surface
while in a standing position. The tines are of
su.h angles, length, and number to allow sam-
ples from 3/8-inch diameter to ¢ 1/2-inch
diameter to be picked up. This tool is 26 1/2-
inches in overall length.

A composite tool

(1) Brush - To clean samples prior to selection
(2) Scriber - To scratch samples for selection
and to mark for identification

(3) Hand lens - Magnifying glass to facilitate
sample selection

To weigh lunar material samples to maintain weight
budget for return to Earth.

Surveying and Photographic Instruments

Instrument staff

Gnomon

Color chart

The staff provides steady support for photography.
The staff breaks down into two sections. The
upper section telescopes to allow generation of a
vertical stereoscopic base of one fnot for photo-
graphy. Positive stops are provided at the
extreme of travel. The bottom section is avail-
able in two lengths to suit the staff to astronauts
of varying sizes. The device is fabricated from
tubular aluminum.

This tool consists of a weighted staff suspended
on a two-ring gimbal and supported by a tripod.
The staff extends twelve inches above the gimbal
and is painted with a gray scale. The gnomon is
used as a photographic reference to indicate
vertical sun angle and scale. The gnomon has a
required accuracy of vertical indication of 20
minutes of arc. Damping is incorporated to
reduce oscillations.

The color chart is painted with three primary colors
and a gray scale. It is used as a calibration for
lunar photography. The scale is mounted on the tool
carrier but may easily be removed and returned to
Earth for reference. The color chart is six inches
in size.
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Table 2-32. Apollo Lunar Hand Tools (cont )

Tool Nomenclature

Description and Function

Support and Auxilliary Equipment

Tool carrier

Field sample bags

Collection bag

The carrier is the stowage container for some
tools during the lunar flight. After the landing,
the carrier serves as support for the sample
bags and samples and as a tripod base for the
instrument staff. The carrier folds flat for
stowage. For field use, it opens into a triangular
configuration. The carrier is constructed of
formed sheet aluminum and approximates a truss
structure. Six-inch legs extend from the carrier
to elevate the carrying handle sufficiently to be
easily grasped by the astronaut.

Approximately 70 four inch by five inch bags are
included in the ALHT for the packaging of sam-
ples. These bags are fabricated from Teflon.

This is a large bag attached to the astronaut's
side of the tool carrier. Field sample bags are
stowed in this bag after they have been filled.

It can also be used for general storage or to
hold items temporarily.
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2-218. APOLLO LUNAR SURFACE DRILL (ALSD)

The Apollo lunar surface drill (ALSD) is used to provide a means for an astronaut
to implant heat flow temperature probes below the lunar surface and to collect sub-
surface core material. (Figure 2-110).

The ALSD is designed as a totally integrated system which interfaces with the
ALSEP pallet located in the LM during transit from earth to the moon's surface.
The drill and associated assemblies can be removed as a single package from the

LSEP pallet and transported iy the astronaut to the selected drilling site for sub-
sequent’assembly and operation. The ALSD possesses the capability of drilling in
lunar surface materials ranging from low density, fragmental material, to dense
basalt.

Implanting the temperature probes requires drilling two holes to a maximum depth
of three meters. The holes are cased to prevent cave-in and to facilitate inser-
tion of the probes. Subsurface core material resulting from the drilling operation
of the first hole will be removed from the drill string and discarded. The sub-
surface core material resulting from the second hole will be retained in the drill
string and returned to earth in the sample return container.

2-219, ALSD PHYSICAL DESCRIPTION

The ALSD is a hand-held battery-powered, rotary percussion drill cénsisting of
four major elements'; a battery pack, pow :r head, drill string, and accessory
group (Figure 2-111). Table 2-33 provides leading particulars of the Apollo lunar
surface drill, i

2-220. ALSD Battery Pack. The battery pack provides the power necessary for the
lunar surface drilling mission. The battery pack comprises a baitery case, bat-
tery cells, power switch, thermal shroud, and handle assembly,

The battery case is a magnesium alloy enclosure with a pressure relief valve,
electrical receptacle, and power switch. Integral with the case are brackets for
securing the case to the power head and the portable handle assembly. The ex-
ternal surface of the case is coated for a high ratio of thermal emissivity-to-
absorptivity to control the battery temperature profile during lunar surface oper-
ation. The case material shields the active circuit elements and conductors to
contain potential electromagnetic interference.

The battery has 16 individual cells and operates at a nominal output of 23 %1 volts
dc at 18, 75 amperes for 40 minutes. Each cell is constructed with a silver:oxide
primary, zinc secondary, and encased in a high temperature plastic. The bat-
tery cells are activated by filling each cell with an electrolyte during the pre-
launch operations.

The power switch is a single-pole, single-throw, heavy-duty, microswitch with a .
push-to-activate mechanism. The switch portion of the assembly is contained by
the battery case with the push-to-activate mechanism protruding through the casc
{or external operation,
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Nominal operating current
Nominal power capacity
Activated storage life
Recharge capability

Dry storage life
Electrolyte

Cell pressure
ECS (case) pressure
Weight

Power Head

Motor
- Operating voltage
Joad speed
Load current
- Efficiency
Percussor
Blow rate
Energy per blow
‘Spring energy
Effective hammer weight
Hammer velocity
Power Train
Motor -to-cam ratio
Motor-to-drive shaft ratio
Drive shaft speed
Blows per bit revolution
Weight

Drill String Assembly

Integrated length
Extension tube length
Drill bit
Cutting diameter
Body outside diameter
Body inside diameter
Length
Number cf carbide cutters
Inside cutting (cor:2) diameter
Weight

Hole Casing Sleeve (12)

Wall Thickness
Length
Nominal diameter

Table 2-33. ALSD Leading Particulars
Characteristic Valuc
Battery Assembly
Silver-zinc cells 16
Open circuit voltage 29.6 £ 0.5 vdc
Operating voltage 23.0+ 1 vdc

18. 7Y a\mperes
300 wact-hours

30 days

3 cycles

2 years

40% potassium hy-
droxide

8 £+ 3 psig

5+ 0.5 psig

7. 24 pounds

23.0 % 1 vdc
9300 rpm

18. 75 amperes
70%

2270 bpm

39 inch-pounds
240 pounds/inch
0. 661 pounds

213 inches/second

4.1

33.1

280 rpm
8.1

8. 37 pounds

126 inches
16. 75 inches

1. 032 inch
1. 00 inch

0. 802 inch
2.5 inches
5

0. 752 inch
3.49 pounds

0. 025 inch
22 inches
1.0 inch
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The thermal shroud, fabricated predominately from aluminum alloy sheeting,
provides battery temperature compensation during temporary lunar stowage under
the combined effects of minimum temperature (20 degrees F) and low sun angles
(7 to 22 degrees) above thc lunar horizon. The shroud will bc removed from the
ALSD at sun angles higher than 22 degrees above the horizon. Under all sun angle
conditions, the shroud will be removed when the ALSD is used to perform the
drilling mission. Removal is performed by pulling a release lanyard. The ther-
mal shroud will always be installed on the battery case during the trans-lunar por-
tion of the mission and at specified sun angles when the ALSD is undergoing tem-
porary lunar stowage.

The handle assembly provides the astronaut with & means of manual restraint and
ALSD motor control. The handle assembly comprises the handle and the switch
actuator assembly. The handle enables the astronaut to provide the rotary re-
straint and axial force required for drilling. The switch actuator assembly con-
tains the fail-safe controls for operating the power head motor. The handle as-
sembly is attached to the battery case by fixed and spring-loaded lock pins.

2-221. ALSD Power Head. The power head is self-contained within a housing
which interfaces with the battery and drill string. The power head comprises a
housing, motor armature, power train, clutch assembly, percussor, shock ab-
sorber, output spindle, pressurization system, and a thermal guard shield.

The housing consists predominantly of three magne: ium alloy castings mated to-

- gether by externally sealed flanges threaded for socket head screws. The inter:al

surfaces of the castings are impregnated with a polyester resin sealant to prevent
leakage through the walls. -

The motor armature is a nominal 0.4 horsepower, brush-commutated, direct-
current, device employing as its field a permanent magnet. The armature is
wound with copper wire protected by high temperature insulation. The motor
possesses a peak efficiency of approximately 70 percent when operating at its
nominal 9, 300 rpm at an input voltage and current of 23 volts dc and 18.75
amperes, respectively. A reduction gear couples the output shaft of the motor
armature to the power train. .

The power train consists of reduction gears which provide the proper rotational
speeds for the percussor cam gear and output drive spindle of 2270 blows per
minute and 280 revolutions per minute, respectively.

The clutch assembly consists of a metal disc emplaced between two bronze discs.
Friction between the discs is maintained by a preloaded spring. The clutch as-
sembly is in series with the power train behind the final output drive gear. The
clutch assembly limits the reactive torque load to a level which can be safely con-
trolled by the astronaut. :

The percussor converts the uniform rotary output motion of the power train into
pulsating, high energy, short duration, lir car impact, blows which are delivered
to the output spindle. This action ia accomplished by a rotating cam riding against
a spring-loaded cam follower which is an integral part of the percussor.
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The shock absorber consists of a telescoping, titanium, tube element (internal to
and concentric with the percussor spring) restrained by the center housing, When
the end of the shock absorber is impacted by the percussor hammer, the titanium
tube elements extend under tension thus dissipating the percussor energy into heat.

The output spindle contains a female double lead thread, one revolution per inch
pitch, which mates interchangeably with any drill string exteusion tube and hole
casing adapter. Visual rotation indicators are painted on the output spindle to
serve as a positive means of determining drill strii.g rotation.

The pressurization system maintains pressure irtegrity within the power head
housing through the use of eight static seals, one linear bellows dynamic seal, and
two rotary dynamic seals. The static seals are employed between the three
housing sections, front end section, and the various components such as the con-
nector, pressure relief valve, and lubrication ports. The lubricated dyn=mic seals
are employed with the output spindle. Internal pressure of the power head is con-
trolled by a 16 (21 psi) relief valve.

The thermal guard shield consists of a wire cage mounted to the external surface
of ‘he power head. The shield is used to prevent damage to the astronaut's suit

when accidentally brushing against the power head which may have a tem.perature
exceeding +250 degrees F,

2-222. ALSD Drill String. The drill string provides the cutting capability required
for coring the hole in any lunar surface material which may be c::countered ranging
in hardness from dense basalt to unconsolidated conglomerate. The drill striny is
comprised of a core bit and eight extension tubes.

The core bit is composed of five tungsten-carLide tips which are brazed into a
steel body and functions to provide the rock cutting capability of the drill string.
Four helical flutes are machined into the outer diameter of the bit body. The
flutes, or ramps, transport the rock cuttings from the face of the cuiting tips up-
ward to the double flute system of the extension tubes and subsequently to the sur-
face. Coupling of the core bit to the extension tubes i» accomplished by doublz
acme-type male threads machined into the extension tubes and core bit.

The eight extersion tubes provide the mechanica: coupling to transmit the rotary-
percussive energy from the power head output spindle to the core bit. During nor-
mal drilling operations, the extension tubes are added in groups of two as the depth
of the hole increases until the full depth of three meters is attained.

2-223, ALSD A'cc.easogy_Group. The accessory group comprises extension tube

caps, hole casings, hole casing adapter, rack assembly, trecadle assembly, and a
wrench.

.

The extension tube caps are fabricated from teflon and are installed on each end of
the extension tubes after completion of second hole drilling. The caps preveat loss
of core material from withiu’ the extensions daring stowage in the sample return
container (SRC) for the earth return flight.
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Hole casings are employed by the astronaut on the lunar surface when the hole is
drilled in unconsolidated material which tends to cave-in after retraction of the
drill string. Twelve hole casing sections are required for the two, 3-meter holcgy,
The casings are fabricated from continvous filament, glass fabric, epoxy lami-
nated tubes. The casings are assemblzd in groups of two and power driven into the
pre-drilled hole with the power head. The first casing of each assembly incor-
porates a closed tip on its forward end which prevents entry of core material
during the emplacement process. The continuous 0. 875 inch inside diameter of the
emplaced hole casing permits rapid insertion of the HFE probe.

The hole'casing adapter, made of titanium with one end that mates with the hole
casings and the other end mating with the power head, is used to sequentially
couple the double sections to the power head during the casing emplacement pro-
cess.

The rack assembly is made of magnesium alloy and provides basic restraint "~r the
twelve hole casings, wrench, and handle assembly within the ALSD assembly ,tow-
age mode during the outbound translunar phase of the mission. On the lunar sur-
face, the rack is deployed into a tripod configuration which provides vertical stow-
age for the core bit, extension tubes, and hole casinrgs.

The treadle assembly is primarily aluminum alloy sheeting and provides structural
restraint for the rack assembly and battery power head assembly during outbound
mission stowage on the ALSEP subpackage. On the lunar surface, the treadle
assembly drill string locking feature is used in conjunction with the wrench for un-
coupling extension tube joints during phases of the drilling operation.

The wrench is a multi-purpose tool employed to perform four functions: (1)de-
couple emplaced extension tubes in conjunction with the treadle assembly, (2) aid
in retracting the emplaced drill string after completion of hole drilling, (3) assist
in removing core material from the extension tubes, and (4) aid in retrieving ob-
jects from surface level, e.g., extension tubes, treadle 2ssembly.

2-224. ALSD FUNCTIONAL DESCRIPTION

The ALSD is a battery-powered, rotary-percussion drill, The rotary-percussion
drilling principle is used in this application necause: the axial bit pressure and
rotary torque requirements for efficient driliing are c . ‘ciderably less than for
rotary drilling; drill bit operating temperctures are sufficiently low to preclude a
requirement for bit coolant; and the tungsten-carbide cutters will drill with reason-
able efficiency in the presence of a small dust layer in the bottom of the hole which
is inherent with a mechanical cuttings transport system.

2-225. ALSD DETAILED FUNCTIONAL DESCRIPTION

Power is supplied from the 16-cell silver oxide-zinc battery to the power head mo-
tor (Figure 2-112) at 23 vdc. The nominal speed of the motor armature is 9300
rpm, A reduction gear couples the output shaft of the mctor to the power train
which consists of the necessary reduction gears to provide the desired rotary mo-
ion and percussive action; 280 rpm at 2,270 blows per minute at the output shaft.
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The interface vetween the power train and the percussor is provided by ii..
@ The clutch limits the torque load to a level which can be safely controlled .., ..
asironaut. (The clutch is designed for a nominal slip value of 20 foot-poui.iq )

The percussor converts the uniform rotary output motion of the power train s
pulsating, high-energy, short-duratio.:, linear-impact blows to the output . ft o
the power head. The impact action is accomplished by a rotating cam againut a
cam follower, which also serves as the hammer. As the cam rotates, the follower
raises, cocking a spring. The spring, by virtue of the cam shape, releases its

. kinetic energy rapidly thercby accelerating the hammner toward a transition scction.
This transition section, or power head shaft, serves as the anvil for the hammer
and as the receiver for the rotary motion output of the power train.

The rotary-percussive energy at the output of the power head is coupled to the core
bit by the drill string. The drill string operates through the treadle assembly
which employs a locking mechanism insuring positive energy coupling to the core
bit. The core bit delivers the rotary-percussive energy to the rock. The per-
cussive element of the input energy fractures the rock by exceeding its compress-
ive strength under each cutting tip. The rotary element of the input energy repo-
sitions the cutting tips for subsequent rock fracturing and provides the means for
transporting the rock cuttings upward to the surface via the helical transport flules.

The drill string stores the core material cuttings. After the second hole is com-

pleted, the drill string is dissassembled, capped, and installed into the sample re-
turn container {SRC) for eventual return to Earth of lunar core material samples.

rd
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SECTION III

MAINTENANCE

3-1. MAINTENANCE CONCEPT

The ALSEP system equipment for which maintenance planning is defined is as
follows:

a. The ALSEP Flight Article - Consists of ALSEP lunar surface equipment;
experiment subsystems, the data subsystem, electrical power subsystem and
structure/thermal subsystem.

b. Ground Support Equipment - Consists of all equipment required to support
the maintenance events of the flight article after NASA acceptance of ALSEP,
through ALSEP installation in LM,

c. ALSEP Support Manuals - Consists of six manuals as listed in Table 3-8.

ALSEP flight hardware enters a maintenance situation when it has been iccepted
by NASA through DD-250 sign-off, Maintenance planning is provided for the period
from acceptance through installation in LM. ALSEP hardware categories for
maintenance purposes are defined in Table 3-1.

Table 3-1. ALSEP Hardware Categories

Nomenclature : Definition
System A complete, self-contained, operating device (ALSEP).
Subsystem Major identifiable support device having a unique, de-

fined function (PSE, ASE, SIDE), In the ALSEP, each
experiment is designated a subsystem.

Component An identifiable replaceable assembly within a subsystem
(receiver, mortar). Also defined as a combination of
parts, subassemblies, or assemblies, usually self-
contained, which performs a distinctive function in the
operation of the overall equipment (black box).

Part Lowest level of equipment, singular item (resistor,
screw). Also defined as one piece, or two or more
pieces joined together which are not normally subject to

disassembly without destruction.
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Two basic levels of maintenance, system (level A) and specialized (level B), have
been established to provide a total maintenance capability for support of the
ALSEP system. The maintenance flow for the ALSEP flight system is illustrated
in Figure 3-1.

Level A maintenance consists of those actions required to ascertain flight-
readiness of the ALSEP flight system. It is limited to inspection, functional test,
corrective maintenance, and removal and installation of subsystems and com-
ponents.

Level B maintenance consists of factory repair and calibration. It will include de-
tailed repair, component/part removal and replacement, adjustment, calibra-
tion, and testing.

3-2. MAINTENANCE LEVEL A (SYSTEM).

Level A maintenance is performed at Bendix Aerospace Systems Division (BxA)
and at Kennedy Space Center (KSC) as illustrated in the maintenance flow diagram,
Figure 3-2.

The ALSEP subpackages and equipment, in addition to the flight article spares
listed in Table 3-2 will be maintained in bonded storage until called for by KSC.
The spare grenade launch assembly, because it contains live ordnance, is stored
at the KSC ordnance facility. Those spares designated Government furnished
equipment (GFE) in Table 3-2 are stored at the facilities at which they were manu-
factured or at Government facilities. The remaining spares are stored at BxA in
Michigan.

3-3. Level A Maintenance at BxA.- Level A maintenance at BxA consists of those
actions required to maintain the ALSEP flight system, and ready it for delivery to
KSC. It includes storage, inspection, testing, replacement of subsystems or com-
ponents, and shipment in the sequence illustrated in Figure 3-2.

Subsystems or components which have exceeded their calibration periods, or
which were found defective in inspection or test, are replaced with a flight article
spare. Spare subsystems or components are subjected to pre-integration ac-
ceptance tests prior to integration into the system. Replaced subsystems or com-
ponents are shipped to their respective level B maintenance facility.

The functional capability of the flight system is tested by the system test set in an
integrated system test. The flight system can be delivered to KSC upon satis-

. factory completion of this test.

This maintenance facility receives repaired and/or calibrated components and
subsystems from maintenance level B, Subpackages found defective at KSC are
reccived at BxA for malfunction isolation and corrective action.

3-2
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Table 3-2. ALSEP Flight Article Spares
Part B

Nomcnrclature Quantity Number Note
PPassive seismic experiment 1 2330659 o
Hcat flow experiment 2 2330661
Charged particlc lunar environment experiment 1 2330662
Active seismic experiment electronics 2 2334468
Grenadc launch assembly 2 2338507 -2 KSC
Mortar box assembly 2 2334499-4
Thumper and geophone assembly 2 2334772-4
Magnetometer experiment 2 2330657 GFE
Solar wind experiment 2 2330658 GFE
Suprathermal ion detector experiment 2 2330660 GFE
Dust detector 2 2330370-2
Radioisotope thermoelectric generator 2 47E300779 GFE
Apollo lunar surface drill 1 467A805000 GFE
Apollo lunar hand tools 1 5GB39101165 GFE
Fuel cask 1 47E301134 GFE
Fuel capsule 1 47D300400 GFE
Universal handling tool 1 2338102
Helical antenna 1 2330307
Antenna cable assembly 1 2334522
Antenna aiming mechanism 1 2330309
Diplexer switch 2 2330526
Diplexer filter 2 2330525
Command receiver 2 2330523
Command decoder 2 2330509
Analog to.digital converter -multiplexer 2 2330524
Data processor (flights 1 and 2) 1 2330521 -A4
Data processor (flights 3 and 4) 1 2330521-B7
Transmitter (2276.5 mc) - 1 2330527
Transmitter (2278. 5 mc) 1 2330527
Power distribution unit 1 2330450-2
Timer 1 2330626
Timer battery 2 2334476
Power conditioning unit 1 2330000-3
RF cable assembly 2 2320528-4
RF cable assembly 2 2330528-5
RF cable assembly 2 2330528-6
RF cable assembly 2 2330670-3
RF cable assembly 2 2330670-4
RF cable assembly 2 2330671-2
RF cable assembly 2 2330671-3
Ammeter shorting plug 1 2335520

1 2338017

Ammeter shorting plug

3-9
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Table 3-2. ALSEP Flight Article Spares (cont)

Part
Nomenclature Quantity Number Note
PSE stool quick release pin 1 2335565
SIDE connector quick release pin 1 2335574
Fuel cask mounting assembly 1 2338660
Lever and wire assembly 2 2338681-1
Lever and wire assembly 1 2338681-2
Body release mechanism 1 2338687-1
Body relcase mechanism 1 2338687-2
Shear pin stop bracket (left hand) 1 2338685
Shear pin stop bracket (right hand) 1 2338686
Tab lock 2 2338689
Special washer 2 2338693
Shear pin 2 2338668
Tension stud 2 2338692
Square shear pin cutter 2 2338671-3
Self-locking nut 4 MS21043-4
Belleville washer 8 B0O500-025
Shear wire 4 2338043
Setscrew 2 2338665
Screw 4-40x.25 inch 4 MS35275-213
Lanyard assembly 1 2338128
Tool support quick relzase pin | 1 2335575
RTG cable spring clip 4 2335516
Boom quick release pin | 1 2335262
Outboard suppnrt pin 2 2335126
Outiboard quick release pin 2 2334525-3
Guidc fastener 20 2335931-1
Guide fastener 2 2335931-2
Guide fastener 2 2335931-4
Guide fastener 3 - 2335931-5
Guide fastener 2 2335931-6
Guide fastener 2 ©2335931-7
Guide fastener cap 100 2334675-1
Guide fastener cap 8 2334675-2
Guide fastener cap 10 2334675-3
Guide fastener cap 4 2334675-4
Quick release pin 1 2335577-5
Quick release pin 1 2335577 -4
Dust cover connector 1 2334528-2
Dust cover connector 1 2334528-6
Dust cover connector 1 2334528-8
Boyd bolt 4 CA2773-2.]
Boyd bolt 4 CA2773.4-1
Boyd bolt 4 CA2773.6-1

3-10

oL s

%



-

e e o v P

b timaat et W —a

R

e PP ' P e TS W drlntn K o8 YL Bt Vs s ol ki ¥ it GV e o M e T G )

ALSEP-MT-03

Table 3-2. ALSEP Flight Article Spares (cont)

. | Y [

Nomenclature . Quantity Nutir,ep -
—

Boyd bolt 2 CA2773-8.1
Boyd bolt 4 CA2773-10-1
Boyd bolt 8 CA2773-14-]
Boyd bolt 4 CA2773-18-1
Boyd bolt 4 CA2773-20-1
Boyd bolt 4 CA2773-24-1
Boyd belt spring 25 CsSl1014
Boyd bolt nut 25 SP1015
Accordion rivet 50 PC4729¢C
Accordioa rivet : 50 PC47289
Boom attachment release assembly 3 2335501-1
Boom attachment release assembly 3 23355012

3-4. Level A Maintenance at KSC., Level A maintenance at KSC consists of those
actions required to receive the flight system from BxA, and install it in the LM.
It includes receiving-inspection, fit checks, and functional checks in the sequence
illustrated in Figure 3-2. AnA;' discrepancy requires a Material Review Board
disposition. If an article cannot be used as is, it is replaced with a flight article
spare which is requested from Level A BxA.

3-5. MAINTENANCE LEVEL B (SPE.:C.IALIZED)

Maintenance level B consists of factory repair and overhaul of ALSEP flight
equipment. It will consist of detailed repair, overhaul, and component/part re-
moval and replacement as well as required adjustments and calibration necessary
to achieve the high level of ALSEP performance.

3-6. GROUND SUPPORT EQUIPMENT (GSE)

ALSEP GSE includes test sets, exciters, simulators, handling equipment, and
selected standarad tools and test equipment. Corrective maintenance for the STS
includes self-test diagnostic programs (in corjunction with the "ALSEP System
Test Equipment Field Maintenance Manual'') to fault-isolate to the black box,
panel, component, part, or to a functional circuit group of logic cards in the
programmer /processor,

Maintenance beyond the level A capability will be accomplished at specialized re-
pair (level B maintenance) levels, or by vendor services. ALSEP peculiar de-
liverable GSE will be directed to Bendix (or Bendix subcontractor), for repair as
requised.

3.11
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3-7. GSE ELECTRICAL

Electrical GSE used in level A maintenance for testing of the ALSLLP system is
listed in Table 3-3, The system test set is the prirre ALSEP maintenance tool and
all other equipment listed in Table 3-3 is considered periphcral test equiprnent
that complements the system test set. Figures -3 through 3-17 illustrate these
equipmeats.

3-8. GSE MECHANICAL

Mechanical GSE used in handling, test, installation, and maintenance of the
ALSEP system is listed in Tables 3-4 through 3-6, and illustrated in Figures 3-18
through 3-22.

3-9. TOOLS AND TEST EQUIPMENT

Standard tools and test equipment, facilities, and supplies required for mainte-
nance are listed in Table 3-7.

Table 3-3. Electrical Ground Support Equipment

Figure Part CFE or
No, Nomenclature Number GFE
3-3 ALSEP system test set 2331700 .TE
3-4 Magnetometer flux tank assembly WDL-2G-173299 GFE

(Philr»)
4 3-8 Gamma control console WDL.-99-173301 GFE
1 ‘ . (Philco)
3-6 Integrated power unit test set 47E300467G1 GFE
. (GE-MSD)
3-7 Environmental test chamber PD452971 (3M) GFE
3-8 IPU breakout box BSX 7482 CFE
3-9 RTG simulator BSX 6997 CFE
3-10 Grenade launch assembly test set 2331657 CFE

3-11 Active seismic sensor simulator 2331601 CFE

3-12 Passive seismic sensor exciter CBE 2250 CFE
(Teledyne)

3-13 Heat fiow sensor simulator 2332375 CFE

3-14 ALSD pressurization unit 467A8090000 GFE
(Martin- Marietta)

3-15 ALSD battery charging unit 467A808000 . GFE
(Martin- Marietta)

ALSD battery filling kit GFE

3-16 Electric fuel capsule simulator 47D30026. GFE
(GE-MSD) .

3-17 Antenna cap fi-:.re 2333830 CFE

3-12
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Figure 3-17. Antenna Cap Fixture

" Table 3-4. Mechanical Ground Support Equipment

Nomenclature Function Part Number
Holding Fixture, Attaches to base of subpackage No. 1’ 2335311 ‘
Subpackage No, 1 for handling operations, Muunts to

handling cart for subpackage movement,

Holding Fixture, Attaches to base of subpackage No. 2 2335338
Subpackage No. 2 for handling operations., Mou:ts to
handling cart for subpackage movement.

Handling Device, Attaches to base of subpackage No, 1 2335312
Subpackage No. 1 for subpackage transfer to various
test fixtures

3-20
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Table 3-4. Mechanical Ground Support Equipment (cont)
Nomenclature Function Part Number

Handling Device, Attaches to base of subpackage No. 2 2335313
Subpackage No. 2 for subpackage transfer to various

test fixtures.
Handling Cart Provides mounting tie-down for ALSEP 2332899

subpackages during handling and trans-

portation during maintenance.
Hoisting Device Attaches to ALSEP holding fixture or 2335310

handling device-for subpackage hoisting

operations,
Boyd Bolt Attaches to Boyd bolt for insertion into 2338343
Installation Tool ALSEP structure.
Boyd Bolt Used to tighten Boyd bolt to required 2338212
Torque Tool (l.ong) tension.
Boyd Bolt Used to tighten Boyd bolt to required 2338215
Torque Tool (short) tension,
Boyd Bolt Spindle Used to measure force required to de- 2338213
Force Measuring press. Boyd bolt spindle,
Tool :
Boyd Bolt Spindle Used to measure position of spindle 2338651
Position Measuring relative to Boyd bolt body.
Tool ‘
Boyd Bolt Used to release Boyd bolt, 2335910
Release Tool
GLA Test Fixture GLA alignment sensor checkout, 2331455
(also called a Mech-
anical Attitude Ref-
erence Positioning
Device or MARPD)
Central Station Provides mounting tie~-down for central 2333431
Handling Cart station during handling and transportation.
Center of Gravity Provides mounting tie~down during sub- 2335309
Fixture package No. 1 or No. 2 center of gravity

testing. qy '
Pressure Regulator Lowers pressure of gas from gas cylin- 2338476
Assembly ders to purge or pressurize containers.

3.21
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Table 3-5. Fuel Cask/Structure Assembly Handling ilquipment

Nomenclature Function Part Number
Cask/Structure Fuel cask structure assembly handling dur- 2335319
Handling Device ing fuel cask fit checks and 1.M {it checks.
Fuel Cask/Band Fuel cask/band assembly handling during 2335318
Assembly Handling fit checks to fuel cask structure assembly :
Device and installation on LM. ‘
Trunnion Alignment/ | Fixture for cask/band assembly trunnion 2335316
Band Calibration alignment and band tencioning procedures.
Fixture
Dome Handling Tool Fuel cask dome removal and handling dur- 2335908
ing fuel capsule insertion/removal opera-
tions. '
Strain Gage Readout Provides tensioning readout during cask 2332320
Device band tensioning procedures.
Fuel Cask Handling Provides transportation accommodations 2335315
Cart for fuel cask mevement.
Dome Removal Tool Remove dome from fuel cask during buildup. 2335317
Band Tensioning Tool| Used to tighten or loosen cask bands. 2338044
Dome /T ool Provides storage for fuel cask dorae with 2337950
Receptacle dome handling tool attached.
CG Determination Holding, CG, and fit ci:eck fixture for fuel 2335314

Fixture

cask and structure asse.nbly.

Table 3-6, Fuel Capsule Handling Equipment

Nomenclature Function Part Nuinber
Capsule SLA Used at the launch area for insertion (GFE)
handling tool and removal of the fuel capsule asserably.
Capsule transfer Used to transport fuel capsule assembly (GFE)
cask from a van on the launch pad to the SLA

platform area of the Apollo spacecraft,
Capsule port entry Used to transfer the fuel capsule assem- (GFE)
trough bly, with the SLA hardling tool attached

through a ten-inch aczess port in the

spacecraft structure at the level of LM/

fuel cask attachment.
Capsule inspection Used to verify proper engagement of (GFE)

tool

fuel capsule assembly in the LM fuel
cask. :
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Table 3-7.

ALSEP-MT-03

Standard Tools, Test Equipment, Facilities,and Supplies

Part Number

Nomenclature

Function

Tektronix 546
Tektronix CA
HP 805 C

HP 415 B

HP 211 A

HP 616 B

HP 851-8551
Empire
AT30-10
BPD-SPS2000
(or equivalent)
HP 410 B
Simpson
206-5M

HP 721 A

HP 405

(GFE)

(GFE)

(GFE)

Oscilloscope (2)

Vertical plug-in unit (2)
Slotted line (1)

VSWR meter (1}

Square wave generator (1)
Signal generator (1)
Spectrum analyzer (1)
Attenuator pad (2)

Stored program simulator (1)

VTVM (2)
VOM (2)

Power Supply (1)

Digital Voltmeter (1)

Se. miscellanenus cables

Apollo Initiator Resistance
Measuring Equipment
(AIRME)

ALINCO squib tester

Vacuum enclosure

Vacuum pump:

Spectrometer type leak
detector

Gaseous nitrogen supply
(regulated at 150 psig
(max. )

Gaseous argon supply

Thumper assembly and GLA
circuit checks,

CPLEE ordnance circuit checks.
RTG leak test.
RTG leak test.
RTG leak test.

Calibration and checkout of ALSD,

Repressurizing RTG container,

3-10. TRANSPORTATION EQUIPMENT

Transportation equipment consists of ALSEP containers that provide protection for
the flight article subsystems and components during delivery to KSC and move-
ment between facilities at KSC during maintenance activities. Transportation
equipment for the ground support equipment consists of commercial packages that
provide protection for the GSE components during shipment to KSC.

The shipping containers used for transportation of the ALSEP flight article and
associated GSE include two types, AL