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PREFACE
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document represents the Apollo Lunar Surface Experiments Package
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in conjunction with the ALSEP Familiarization Handbook, ALSEP MT-03,
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knowledge of ALSEP 3.
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* ALSEP 3

SECTION 1
INTRODUCTORY INFORMATION

1.1 ALSEP'S 1, 3, AND L ABBREVIATIONS AND ACRONYMS

NOTE

Due to reduction requirements, acronyms
which would normally be in lower case,
for example, "dc," will appear in upper
case on drawings. The text will, how-
ever, conform to NASA standards.

ac alternating current

ACCPT accept

ACK acknowledge

A/DC analog-to~digital converter
Adc amperes dc

ADD address

AGC automatic gain control
ALIGN alignment

ALSEP Apolio Lunar Surface Experiments Package
A/F automatic/forced

AMPS amperes

ANT antenna

APP approximate, approximately
ARM armed

ASC ascent

ASE Active Seismic Experiment
AUTO automatic

f@\ AZ azimuth

Bl bottom location of structure temperature
BAS base
BER bit error rate
BPS bits per second
c centigrade
CAL calibrate
CALC calculated
CB circuit breaker
CBL cable
CCGE Cold Cathode Gage Experiment (part of SIDE on ALSEP 1 and 4, separate
MSC experiment on ALSEP 3)
CCGE/A analog and digital ID readout from CCGE
CCGE/D
CCIG Cold Cathode Ion Gage (instrument portion of CCGE)
CCW counterclockwise
cH channel
CH cha_nge
CHAN Channeltron; used in CPE as:
CHAN/1 Channeltron P/S #1
CHAN/2 Channeltron P/S #2
CHAN/HI Channeltron Voltage Increase ON
CHAN/IO Channeltron Voltage Increase OFF
CLD cold
CcMD command
CNT count




CNTS
CNTR
COMM
CONV
CPLEE or CPE

CPS
cs
CTL
CUR
CVR
CVR/S
cvW

db
dbm
de
DEC
DECR
DEF
DEG
DESC
DET
DIG
DIR
DIR/V
DISSIP
DLAY
D/P
DPLY
DRT
DsS

EGFU

EPS
eV

EXP
EXT

FET
FILT
FLD
FREQ
FIT

ALSEP 3

counts
counter

communications

converter

Charged-Particle Experiment (full name is Charged-Particle Lunar Environment
Experiment )

cycles per second

central station

control

current

cover

cover and seal (used on SIDE)
command verification word

clockwise

decibels

decibels with respect to one milliwatt

direct current

decoder

decrease

deflection

degrees

descent

detector

digital

direction

direction and speed (used on PSE)

dissipation

delay

date processor

deploy

dome removal tool

Data Subsystem; components include:
DSS/A Analog Data Processor
DSS/D Digital Data Processor
DSS/PROC Complete Data Processor (Redundent)

Electronics/Gimbal~Flip Unit
enable

Electrical Power System
electron volts

experiment

external

fuse

Fahrenheit

field effect transistor
filter

field

frequency

fuel transfer tool

forward




GDT
GEC
GLA
GMBL
GND
GT

HBR
HECPA
HFE
HI

HT/S

Hz

ip

IN
INCR
IND
INHIB
INIT
INST
INSUL
INT

ke
kHz
kv

LBR
LECPA
LIM

Lo
LONG
L/0
Los

L3B
LsD
LsM
LVL

ALSEP 3

gradieng sensor delta temperatures {HFE)
geophone

Grenade Launch Assembly (s component of ASE)
gimbal

ground

gradient sensor ambient temperatures-{HFE)

high bit rate
High-Energy Curved Plate Anslyzer {a component of SIDE)
Heat Flow Experiment
high
heater: On HFE there are two cases:
HTR/HK High Conductivity Heater
HTR/IX Low Conductivity Heater
heat sink
high voltage

hertz

identification
input

increase
indication
inhibit
initiate
instrument
insulation

internal

Kelvin
kilocycles
kilohertz
kilovolts

latitude

low bit rate

Low-Energy Curved Plate Analyzer (a component of SIDE)
limit

Lunar Module

low

longitude

local oscillator

loss of signal

long period (PSE sensors)
least significant bit
least significant data
Lunar Surface Magnetometer

level
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McC
MDE
MEAS
MeV
MHz
MIN
MOCR
MOD
MODE

ms
MSB
MSD
MSFN

mV

mw/cm2

N/A
NEG
NORM
NRZC

OPER
0/8
osc
o/T
ouT

PA
PA
PCM
PCT
PCU
PDR
PDU
PET
PHYS

PXG

milliaépere
milliemperes dc
message acceptance pulse
maximum
megacycle
Mission Control Center
mode
measurement
million electron volts
megahertz
minimum
Mission Operations Control Room
module »
operating modes are defined as follows:
For HFE
MODE/G gradient mode
MODE/HK  high conductivity mode
MODE/LK low conductivity mode
millisecond
most significant bhit
most significant data
Manned Space Flight Network
motor; on PSE, the three motors are MIRX, MTRY, and MTRZ
multiplex
millivolts

milliwatts per square centimeter

nanoamperes
not applicable

negative

normal

Non-Return to Zero Type C {Change)

operate
offset
oscillator
one-time

output

power amplifier

picoamperes

pulse code modulation

percent

Power Conditioning Unit

power dissipation resistor

Power Distribution Unit

package elapsed time

physical; on CPE used as follows:
PHYS/AN Physical Analyzer (sensor assembly)

package

1-h

ALSEP 3




PL

PLT

PM

POS
POSN
PRE/LIM
PRE/REG
PRI

P/s
PSE

PWR

RCVD
RCVR
RDT
REF
REG
REV
RF
RLY
R/S
RST
RT
RT
RTC
RTG

SCI
SEC
SEL
SEQ

SEQ
SIDE

ALSEP 3

plane A
plate
phase modulation
positive
position
pre~limiting
pre-regulator (a component of the SIDE power supply)
primary; on ALSEP used as follows:
PRI/ST primary structure
power supply
Passive Seismic Experiment; also:
PSE/LP long period sensors
PSE/SP short period sensors
PSE/LP/SP long and short period sensors
Long period sensors are further defined as PSE/X, PSE/Y, and PSE/Z while
PSE/XY denotes the two horizontal long period sensors

power

resistor {used as Rl and R2)

received

receiver

ring sensor delta temperature (HFE)
reference

regulator (also used as "register™ on ALSEP)
reverse

radio frequency

relay

remote site

reset

rate (as in BIT RT, CNT RT, etc.)
ring sensor ambient temperatures (HFE)
real-time command

Radioisotope Thermoelectric Generator

scientific
second
select
sequence, sequential; used on HFE as:
SEQ/FUL  Full Sequence
SEQ/P1 Probe 1 Sequence
SEQ/P2 Probe 2 Sequence
Used on ASE as:
SEQ/S Sequential Single
scientific equipment
Suprathermal Ion Detector Experiment; also:
SIDE/A analog and digital voltages
SIDE/D or readings
SIDE/HE  high-energy analog data
SIDE/LE low-energy analog data
SIDE/LHE least significant high-energy digital data
SIDE/LLE least significant low-energy digital data
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SIDE/MHE most significant high-energy digital data
SIDE/MLE most significant low-energy digital data

SIG signael

SLA Spacecraft Lunar Module Adapter

SNSR sensor

SP short period (PSE sensor)

SPST single pole single throw

STA status

STBY standby

s/s samples per second, signal strength

SWS Solar Wind Spectrometer

SYNC synchronization

SW switch

sup supply

SYS system

T temperature (also used as "thermal" on ALSEP)
TC thermocouple (on HFE, four cable ambient temperatures are read on each probe)
TEMP temperature

THERM thermal

™ telemetry

UHT Universal Handling Tool

UsB unified S-band

v volts, velocity (used to indicate "speed" on PSE in "LVL DIR/V")
Vac volts ac

Vde volts de

VCco voltage controlled oscillator

V/FILT Velocity Filter, a component of SIDE

W watts

Wl, W2, W3 wall locations of structure temperature sensors
AMTR transmitter

XTAL crystal

XYz, axes of LSM, where XY0 indicates

XYO X, or Y, or neither

[ phase
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1.2 DRAWING SYMBOL STANDARDS

1.2.1 GENERAL DRAWING INFORMATION

A. ZONE REFERENCE

HORIZONTAL COORDINATEK /—VERTICAL COORDINATE

AZl
XXX
LWHEN THIS NUMBER APPEARS IT REFERS

TO ANOTHER DRAWING . WHEN THERE 1S
NO NUMBER THE ZONE REFERS TO ANOTHER
AREA ON THE SAME DRAWING .

B. POWER INTRA-DRAWING ZONE REFERENCE

TO POWER
LOAD - < >
FROM POWER
SOURCE
C. SYSTEM INTERCONNECT

—0

D. DRAWING NOTE REFERENCE

>
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1.2.2 LINE LEGEND

A. RF CABLE

B. ELECTRICAL LINE, POWER AND CONTROL

-

1. ELECTRICAL, CONNECTED

2. ELECTRICAL, CROSSOVER

C. DIRECTIONAL FLOW ARROWS

s @ — —
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D. COMPONENT ENCLOSURES (TYPICAL)

XXXXXX TITLE

(DIRECTORY TYPE)

1. MAIN ENCLOSURE A
1/16-INCH SOLID BLACK LINE
2. SUB ENCLOSURE

1/32-INCH SOLID BLACK LINE

3. COMPONENT ENCLOSURE WITH CREW (MANUAL CONTROL )» wes =
1/16-INCH DASHED BLACK LINE

4, EXPERIMENT INTERFACE
1/8-INCH DASHED BLACK LINE

EXPERIMENT ¥ ALSEP

E. MECHANICAL LINKAGE

F. TIMING PULSES

SOURCE—< HZ > - - -
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G. TWO-UNIT INTERFACE

<>
<>

1.2.3 TELEMETRY SYMBOLS

A. MEASUREMENTS TELEMETERED

/ET— MEASUREMENT NUMBER
/ <+ MEASUREMENT NAME

\ ~——— PARAMETER RANGE

CHANNEL OR NOTE
NOT USED IN ALSEP 3

B. METERS

ACTUAL

ART WORK

C. SINGLE SOURCE SENSOR

(POWER)> N OUTPUT

T

—@«-— COMMAND NUMBER

1-10
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1.2.4 ELECTRICAL SYMBOLS C. RELAYS
A. SWITCHES 1. MOMENTARY CONTACTS
1. MOMENTARY CONTACT °
—————o"’—
A 2. LATCHING CONTACTS
2. LATCHING CONTACT | )
______OI'_——‘
*~— 3. NON-LATCHING RELAY
SHOWN IN DE-ENERGIZED
POSITION
3. SOLID PUSHBUTTON —0/\)_—
(PUSH TO OPEN)
I
NOMENCLATURE
—eoo—— * LOGIC NO .
._____.__‘ .__.___
8 FUSES 4. LATCHING RELAY
_Ma - 4

1-11
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D. RELAY OR SOLENOID DRIVER

POWER H
SIGNAL >——— OR RD
SD

'

I
PWR {
I
E. BUSES A
1. SYMBOL (LENGTH MAY VARY)
' BUS FEED BUS OUTPUT NEG BUS

2. DESIGNATION

VXXX

F. GROUNDS

1. SYSTEM

1

2. FLOATING OR CONTROLLED

: ( éXXX<—— NAME

1-12
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G . TRANSFORMERS

-~ CORE
e  POLARITY DOTS
INDICATE OUT
Y OF PHASE

5 e  POLARITY DOTS
INDICATE IN
PHASE

H. CAPACITOR

I. DIGITAL INVERTER

- J. GATES
— 1. AND
}—
2. NAND
}F;
3. OR
}_
4. NOR

1-13
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K. TIME DELAY 0. TRANSISTORS

1. NPN
TD -
—MS
L. ELECTRICAL FILTER %)
— FILTER [— NOTE: -

WHEN SHOWN, HS
DENOTES HEAT SINK
MOUNTED.

M. MODULATOR 2. PNP

y ,__@)

N. DEMODULATOR

P. NON-AMPLIFYING DEVICE,
IDENTIFIED

—1 XXX |/

1-14
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. DIODES

1, GENERAL

P

2. ZENER

Pf

3. CONTROL RECTIFIER

—@—

. POTENTIOMETER

H

“Ulr

XXX WATTS

. HEATER

. FIXED RESISTOR

XXX RATING
NN\~

. THERMISTOR

&

V. THERMOSTAT

S

RANGE XXX

W. ANTENNA

NAME
(TYPE OR FUNCTION)

X. PHOTOELECTRIC CELL

2

Y. AMPLIFIER

PWR
INPUT
INPUT :
INVERTED OUTPUT
INPUT

DC, PRE OR BUFFER
AS INDICATED

1-15




1.2.5 SPECIAL ALSEP SYMBOLS

r-------1

A. ASTRONAUT

SWITCHES i ofFf |
|
—— 1 O—-

. | |

1 R 1

1. ASTRONAUT I180° I

SWITCH 1 CW

| |

| 1

i ]

ASTRO SWITCH 1

L-------J

2. ASTRONAUT SWITCH 2

r-------

: I
: i
j180 I
| I
I i
I

ASTRO SWITCH 2

1
L—------

3. ASTRONAUT SWITCH 3
P . -

_ L EXP 30N
I EXP 4 ON
“Texp20n

—
EXP 1 ON

ASTRO SWITCH 3

1-16
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BY-PASSES PCU 1
HOLD OFF CIRCUIT

TURNS ON XMTR B, DATA
PROCESSOR Y AND RESETS
COMMAND RECEIVER
CIRCUIT BREAKER

TURNS TO OPERATE,

EXP 1 (HFE), EXP 2 (PSE),
EXP 4 (CPLEE), AND EXP 3
(CCGE), IN THAT ORDER
(MOMENTARY CONTACTS)
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B. FARADAY CUP (SWS SENSOR)

ZoN
L 2=\
,,,,, L R

C. GROUND PLANE (USED ON SIDE)




D. SIDE SENSOR ASSEMBLY

DUST
*— cover
APERTURE NO 2 APERTURE NO 1

] BEAM

o COLLMATOR
COLLIMATOR ——m—an{

VELOCITY
FILTER
CHANNELTRON NO 2

HIGH ENERGY CURVED
PLATE ANALYZER

1-18

COLLIMATOR

LOW ENERGY CURVED
PLATE ANALYZER

CHANNELTRON
NO 1
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E. COLD CATHODE ION GAGE

1050 GAUSS
MAGNETIC FIELD

PV YIIYY
N /

ALSEP 3

CATHODE

ANODE
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G. HEAT FLOW EXPERIMENT PROBE SECTION

THERMOCOUPLE o
COMMON

JURN

RING SENSOR BRIDGE EXCITATION VOLTAGE

HEATER POWER INPUT
GRADIENT SENSOR BRIDGE EXCITATION VOLTAGE

<@— GRADIENT SENSOR

RING SENSOR
\ GRADIENT SENSOR BRIDGE

OUTPUT VOLTAGE
RING SENSOR BRIDGE
OUTPUT VOLTAGE
_o— HEATER
HEATER POWER INPUT
¢ JupE

HEATER POWER RETURN

1-20
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H. CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT

COLLIMATING PLATES

=72

~— DEFLECTION PLATES
HLV.
- <—————— CHANNELTRONS
— -
HELIX -
>
>
CHANNEL
OUTPUTS
=
-/

1-21




SECTION 2 ALSEP 3

- GENERAL DESCRIPTION

ALSEP DESCRIPTION

The Apollo Lunar Surface Experiments Package (ALSEP) system consists of a set of scientific instruments
to be placed on the moon's surface by the Apollo flight crew. These instruments will remain on the
moon to collect and transmit data for approximately 2 years. For self-sufficient operations, the ALSEP
system includes a nuclear power supply, mechanical support, thermal protection, and data handling
equipment. These supporting subsystems provide a flexible central station, containing the electrical
power, command, telemetry, and structural/thermal subsystems, to operate with various combinations of
the following scientific experiment subsystems: Passive Seismic, Active Seismic, Magnetometer, Solar
Wind Spectrometer, Suprathermal Ion Detector/Cold Cathode Gage, Heat Flow, Charged-Particle Lunar
Environment, and Cold Cathode Gage. Weight and volume restrictions of the Lunar Module preclude
carrying all eight experiment subsystems on any flight. This ALSEP Systems Handbook deals with the
ALSEP 3 package containing the HFE, PSE, CCGE, and CPLEE (Figures 2-1, 2-2, and 2-3).
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Figure 2-1. - ALSEP 3/LM interface.
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FCD 7-69.23.2
NASA-5-69-4697 (FIG)
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ALSEP 3
SECTION 4

ELECTRICAL POWER SUBSYSTEM

SYSTEM DESCRIPTION N

The electrical power subsystem provides the electrical power for lunar surface operation of the ALSEP.
Primary electrical power is developed by thermoelectric action with thermal energy supplied by a radio-
isotope source. The primary power is converted, regulated, and filtered to provide the six operating

voltages for the ALSEP experiment and support subsystems.

The components are a radicisotope thermoelectric generator assembly, a fuel capsule assembly, a power

conditioning unit, and a power distribution unit.

Radioisotope Thermoelectric Generator (RTG)

A. RTG Commands -~ No command capability.

B. RTG Telemetry - Six temperatures, one output voltage, and one output current (Tables 6-VIII and 6-X).
C. Output - 68 watts, nominal.

Power Conditioning Unit (PCU)

The PCU performs three major functions:
A. Voltage conversion

B. Voltage regulation

C. RTG protection

Each power conditioner consists of a de-to-dc power converter (inverter and rectifiers), which converts

the RTG 16-volt input to the six operating voltages, and a shunt current regulator to maintain the output
voltages within approximately +1 percent. The input voltage is also regulated by this action by maintaining
a constant load on the RTG. It is necessary to keep a constant load on the generator to prevent over-

heating of the thermocouples in the RTG.

The +16 volts from the RIG is applied through the switching circuit to the selected de-to-dc converter,
applying power to the inverter and completing the shunt regulation circuit. Applying power to the
inverter permits it to supply ac power to the rectifiers that develop the dc voltages applied to the
filters. The outputs from the filters are the six operating voltages applied to the data subsystem.
Output and input voltages are regulated by feedback from the +12-volt output to the shunt regulator. The
+12-volt feedback is also applied to the switching circuit for over or under voltage determination and
switching to the redundant inverter and regulator, if necessary. All the output voltages are regulated
by the 12-volt feedback.

Power Distribution Unit (PDU)

The PDU distributes power to experiment and central station subsystems 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.

Power-off sequencer.- (Refer to Drawing 4.2.) The power-off sequencer of the PDU detects minimum reserve
power and sequentially turns to standby up to three preselected experiments to bring the power reserve
within acceptable limits. The minimum reserve power is detected by monitoring the voltage across the
shunt regulator transistor. This voltage is applied to an operational amplifier used as a level detector.
An RC delay network is employed at the output of the level detector. The output of the delay is applied
to a second level detector which drives the power-off sequencer logic. This arrangement turns on the

power-off sequencer logic input gate when the reserve power drops below the levels as follows:

Reserve Power to Start Experiment Turn-Off (135 ms Delay):
0.78 watts +0.57 watts
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Experiment Turn~-Off Sequence,-via the Power-Off Sequencer, is as follows:
A. Experiment #4 (CPLEE)

B. Experiment #3 (CCGE)

C. Experiment #1 (HFE)

NOTE

Experiment #2 (PSE) is not

in the turn-off sequence.
The sequencer decoding gates are connected so that upon turn-on of the logic input gate, an output
ground level signal is provided during the count between 1 and 9 milliseconds to the CPLEE power
standby relay driver. This relay removes experiment operate power and applies pewer to the standby
line, If the overload persists, the ground level signal supplied to the CPLEE standby line is
removed and a ground level signal is applied to the CCGE power standby command input during the next
8-millisecond period (when the count is between 9 and 17 milliseconds). If overloading persists, the
sequencer could continue in the same manner until the Heat Flow Experiment (HFE) is in the standby
mode. If, however, the overload is removed within the sequence, the counter will be reset in 2 milli-
seconds after a satisfactory power reserve signal is obtained, thus stopping the sequence. Note that
the power OFF sequencer action places the experiments to standby ON from either an operational ON

condition or from a standby OFF condition.

Temperature sensor circuit.~ Operational amplifiers are used to amplify the resistive bridge outputs

for the RIG hot and cold junction temperatures. The temperature sensors located on the RTG are platinum
wire sensors (Drawing 4.1). Bridge excitation is 12 Vdc on both the hot and cold frame temperature

circuits.

Nickel wire temperature sensors are used in dividers to monitor exposed structural temperature, multi-
layer 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 output analog signal is
taken across the sensor, providing a linear response from —-300°F to +300°F. ({Refer to Section 3 for

sensor locations.)

Thermistor sensors are provided to monitor temveratures within the central station and subsystems.
The sensor excitation is +12 Vdc. The sensor ranges are between -50°F and +200°F (Drawing 3.2},

Power control.- {Refer to Drawing 4.2) Power control is provided by ground commands and/or astronaut
switch functions causing the command lines to go to ground potential, thus actuating relay drivers and

their associated relays.

Four transistorized relay drivers, magnetic latching relays, and one magnetic latching relay acting
as an overload sensor (circuit breaker) perform the control and circuit protection function for each
experiment. The experiment standby power line is fused at 500 mA. Three command inputs are provided
for each experiment power control circuit.

A. Experiment Operate Select command

B. Experiment Standby Select command

C. Experiment Standby OFF cormand

The three command inputs operate one or both of two power switching relays. One relay provides the
selection of either standby power or operational power. The other interrupts the standby power line.

The receipt of an Experiment Operate Select command will transfer the relay to a position which provides
power through the current sensing coil of the circuit breaker relay to the experiment electronics. A
second command, Standby OFF, operates the relay coil of the standby power interruption relay to open

the circuit supplying power to the standby line. The Standby Select command, however, operates on

both relays. The Standby Select command actuates both relays to the positions that supply power to

the standby line. To place an experiment from OPERATE to stendby OFF, the Standby Select command must be
executed prior to the standby OFF command. DSS Htr 1 and DSS Htr 2 power control operates similar to

experiment power control.
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Circuit breaker resetting is provided by internaslly generating a Standby Select command using the contacts
of a current sensing relay. Should an overcurrent condition exist through the sensing coil in series with
the experiment operational power line, the contacts of the sensing relay break the Standby Select command
line and apply & ground signal to each of twe relay drivers. One relay driver operates the power select
relay to the Standby Power position. The other driver operates the standby power interruption relay to
close the contacts supplying 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 resetting its contacts to

permit normal Standby Select command inputs.

Transmitter power control and overload protection uses two power contreol relays, four overload sensing
relays, and associated relay drivers. TFour commands are required:

A. Transmitter On

B, Transmitter Off

C. Transmitter A Select

D. Transmitter B Select.

The Transmitter On and Off commands operate the double pole double throw relay which switches both +12 Vdc
and +29 Vdc to the transmitter transfer relay. When the transmitter is off, +29 Vde is switched to the
8.4-watt transmitter heater. If either Transmitter A or Transmitter B power line is overloaded, the con-
tacts of the overload sensing relay transfers the transmitter select relay to supply power to the
alternate transmitter. When power is transferred to the alternate transmitter, the circuit overload
sensing relays are both reset and the normal command link inputs are restored. Diplexer switching power,
required only when Transmitter B is selected, is obtained directly from the +12 Vdec Transmitter B power

line.

The command receiver requires both +12 Vdc and -6 Vdc for operation. The -6 Vdc line is not provided
with circuit protection. The +12 Vdc line is provided with overload protection which uses a magnetic
latching circuit breaker relay. The circuit breaker will in turn actuate relay K-19 and therefore

interrupt +12 Vde. Since no redundancy of receivers exists, a 12-hour reset pulse is supplied to the
breaker every 12 hours. If the receiver is tripped off, +12 Vdc is switched to the 1.25-watt receiver

heater.

For data processor power control, redundant electronics are switched using standard magnetic latching

relays. These relays are controlled by ground commands. Overload protection is not provided.

Power dissipation Resistor 1, power dissipation Resistor 2, and the central station DSS Heater 3 are

© switched off and on by ground command only.

Electronics for the dust detector consist of the fellowing three functional areas which are illustrated
in Drawing T.1.

A. Power switching

B. Operational amplifiers

C. Temperature measurement

The power switching function switches +12 Vdc and -12 Vdc power to the amplifiers upon receiving a ground
command. The switching function consists of a command flip-flop and power switching circuits. Power

protection is provided by fuses. Note that power switching dces not affect the temperature measurements.

TABLE 4-I.- PCU OVER AND UNDER VOLTAGE

Over and Under Voltage Sensing Circuit - An automatic switchover circuit in PCU 1 operates when the +12 Vdc

bus varies outside of the following limits, The sensing circuit causes a switch from PCU 1 to PCU 2 only.

Sensing Circuit Voltage Level Time Delay
Over Voltage +13 + 0.25 Vdc 10 ms
Under Voltage +11 + 0.25 Vde 300 ms
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TABLE 4-II.- POWER CALCULATIONS

TM Symbol Resultant (Watts)
(AE-3) x (AE-k) = RTG Output Power
(AE-3) x (AE~5) = Reserve Power PCU 1
(AE-3) x (AE-6) = Reserve Power PCU 2

(RTG Output Power) - (Reserve Power) = PCU Input Power
(AE-3) (AE-5) - (AE-5)2 (k.20) = Internal Reg #1 Dissipation
(AE-3) (AE-6) - (AE-6)2 (k.2Q) = Internal Reg #2 Dissipation

TABLE 4-III.- PDU RELAY INITIAL CONDITIONS

Initial condition is defined as the relay positions at time of activation of the lunar surface.

RELAY
K-01
K-02, K-03
K-0b
K-05
K~06, K-0T
K-08, K-09
K-10, K-11
K-12, K-13
K-1h4, K-15
K-16
K-17
K-18
K-19

FUNCTION MONITOR INITIAL CONDITIOR
PCU Select AE-5 PCU 1 Selected
D/P Select None D/P X Selected
XMTR Off, XMIR Htr On No Downlink XMIR Off
XMIR A, XMIR B Select AE-1T XMITR A Selected
Exp #1 Power Control AB-L Exp #1 in Stby
Exp #2 Power Control AB-L Exp #2 in Stby
Exp #3 Power Control AB-5 Exp #3 in Stby
Exp #4 Power Control AB-5 Exp #4 in Stby
DSS Htrs 1 and 2 AB-5 orf
PDR #1 On/Off AE-5 off
PDR #2 On/Off AE-5 off
DSS Heater 3 On/Off AE-5 10-watt DSS Htr 3 On
Receiver Protection Commend Capability Receiver On
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Dissipation within PCU vs PCU output power
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TABLE 4-IV.- ALSEP 3 CIRCUIT BREAKER AND FUSE TABULATION

SYMBOL

NUMBER RATING SUBSYSTEM CIRCUIT EFFECT

CB-01 110 to 225 mA Command Receiver +12 Vdc Receiver overload causes breaker CB-01 to switch
in 1.25W receiver heater. No protection for
heater. Breaker reset by 12-hour timer.

CR-02 110 to 225 mA Transmitter A +12 Vde Transmitter A +12 Vde overload causes breaker (CB-02
to switch Transmitter B on. Breaker CB-02 is self-

resetting.

UB-03 560 to 840 mA Transmitter A +29 Vde Transmitter A +29 Vdc overload causes breaker CB-03
to switch Transmitter B on. Breaker CB-03 is self-
resetting.

CB-0k 110 to 225 nA Transmitter B +12 Vde Transmitter B +12 Vdc overload causes breaker CB-O4
to switch Transmitter A on. Breaker (B-OW is self-
resetting.

CB-05 560 to 840 mA Transmitter B +29 Vde Transmitter B +29 Vdc overload causes breaker CB-05
to switch Transmitter A on. Breaker CB-05 is self-
resetting.

CB-06 450 to 550 mA HFE Instrument +29 Vde HFE instrument overload causes breaker CB-06 to
place HFE in standby. Bresker CB~06 is self-reset-
ting.

CB-07 450 to 550 mA PSE Instrument +29 Vde PSE instrument overload causes bresker CB-07 to
place PSE in standby. Breaker CB-07 is self-reset-
ting.

CB-08 450 to 550 mA CCGE Instrument +29 Vde CCGE instrument overload causes breaker CB-08 to
place CCGE in standby. Breaker CB-08 is self-reset-
ting.

CB-09 450 to 550 mA CPLEE Instrument +29 Vdc CPLEE instrument overlcad causes breaker CB-09 to
place CPLEE in standby. Breaker CB~09 is self-
resetting.

CB-10 450 to 550 mA Thermal +29 Vdc Overload on 10-watt heater line (DSS Htr #1) causes

' CB-10 to switch in a S-watt heater (DSS Htr #2).
CB-10 is self-resetting.

F-01 250 mA Dust Detector -l2 Vdc A blown fuse F-01 will permanently disable the
dust detector resulting in loss of photoelectric
cell voltage IM parameters AX-Ok, AX-05, and
AX-06.

F-C2 250 mA Dust Detector +12 Vde A blown fuse F-02 will permanently disable the

dust detector, resulting in loss of photoelectric
cell voltage TM parameters AX-Ok, AX-05, and AX-06
and photoelectric cell temp TM parameters AX-0l,
AX-02, and AX-03.

HFE Standby +29 Vdc A blown F-03 will permanently disable the HFE

standby capability.

g

F~03 500

PSE Standby +29 Vde A blown F-O4 will permanently disable the PSE
standby capability.

F-0l 500

CCGE Standby +29 Vde A blown F-05 will permanently disable the CCGE

F-05 500
standby capability.

CPLEE Standby +29 Vdc A blown F-06 will permanently disable the CPLEE

F-06 500
standby capability.

E B B E

Thermal +29 Vdce A blown F-07 will permanently disable DSS Heater

F-07 500
#2.
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TABLE 4-V.~ VOLTAGE DISTRIBUTION AND LOAD ANALYSIS

NOTE

Experiment operational power is defined
as maximum nighttime steady state (e.g.,
PSE Operate). Experiment standby power
is defined as maximum heater power (e.g.,
PSE Standby). The voltage distribution
and load analysis represent measurements
at an ambient temperature of T(°F,

VOLTAGE BUS CIRCUIT WATTS mAde CIRCUIT PROTECTION (Drawing L.2)
+29 Vde +1% HFE Operate 8.0 276 CB-06 500 mA +10%
Standby k.2 145 F-03 500 mA
PSE Cperate 6.8 234 CB-0T 500 mA +10%
Standby k.5 155 F-04 500 mA
CCGE Operate 7.0 2k2 CB-08 500 mA +10%
Standby 4.8 165 F-05 500 mA
CPLEE Operate 8.9 309 CB-09 500 mA +10%
Standby 4.5 155 F-06 500 mA
DSS Heater #1 10.0 345 CB-10 500 mA +10%
DSS Heater #2 5.0 172 F-07 500 mA
Transmitter A 6.6-9.45 228-308 CB-03 560 to 840 mA
Transmitter B 6.6-9.45 228-308 CB-05 560 to 840 mA
Transmitter Heater 8.4 None
DSS Heater #3 10.0 None
PDR 1 . 7.0 None
PDR 2 . 14.0 None
PDU 0.375 None
+15 Vde +1% DSS/A 0.065 None
T PDU 0.075% None
\‘é“" +12 Vde +17% Command Decoder ‘0.325 None
Diplexer Switch 0.150 12.5 CB-04 110 to 225 mA
DSS/A 0.150 None
DSS/D 0.05 None
Dust Detector 0.380 31.6 F-02 250 mA
PCU Negligible None
PDU 0.735 None
Receiver 0. 665 55.5 CB-01 110 to 225 mA
Receiver Heater 1.25 None
Temp Sensors Negligible None
Transmitter A 0.500 k1.7 CB-02 110 to 225 mA
Transmitter B 0.500 Li.7 CB-Ob 110 to 225 mA
+5 Vdc +1% Command Decoder 0.775 None
DSS/A 1.10 " None
D3S/D 0.450 None
FDU 0.085 None
Relay Drivers Negligible None
-6 Vde *1% Command Decoder 0,230 None
PDU Negligible None
Receiver 0.030 None
~12 Vdc *1% DSS/A 0.120 None
Dust Detector 0.160 13.2 F-01 250 mA
PDU 0.475 ) None

k=12
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TABLE U-VI.- COMMANDS CAUSING DELTA POWER

Tabulation of AP caused by command execution assumes

the following conditions exist:

Transmitter Off
PDR #1 off
PDR #2 off
DSS Heater 3 off
bust Detector off
HFE off
PSE off
CCGE off
CPLEE off

DSS Htr 1 and 2 Off

The ALSEP subsystems will demand electrical power from the
PCU in the following amounts:

Povwer (watts) Current (mAdc)

Transmitter Heater 8.Lko 345.0
Receiver 0.70 60.5
DSS/D 0.50 94,2
DSS/A 1. hk 2h7.0
Command Decoder 1.33 220.0
PDU 1.75 137.0
PCU {voltage regulation) - 1.5 125,0
Distribution losses 1.5
Total 1'{.112

17.12 watts represents the base for the delta power demands caused by the execution of the following commands (refer

to individual experiment power profiles):

Delta Power Delta Current
Command (watts) (mAdc ) Notes
013 Transmitter On 1.0 XMTR A selected by CMD 012.
1.15 XMTR B selected by CMD O15.
ClT7 PDR #1 On 7.0
022 PDR #2 On 14,0
024 DSS Heater 3 On 10.9 Thermostatically controlled,
027 Dust Detector On ' c.3
036 Exp #1 Oper Sel (HFE) 3.8 Day operate mode. (HIR off)
8.0 Night operate mode.
(k.2-watt difference due to heater.)
3.0 Turn on transient.
© 037 Exp #1 Stby Sel (HFE) k.2 Survival heaters.
OL2 Exp #2 Oper Sel (PSE) bk Day operate mode.
6.8 Night operate mode.
(2.4-watt difference due to heaters.)
12.9 Turn on transient.
0OL3 Exp #2 Stby Sel (PSE) - lh.s Survival Heaters.
045 Exp #3 Oper Sel (CCGE) 2.0 Day operate mode.
T.0 Night operate mode.
(5.0-watt difference due to heaters).
13.0 Turan on transient.
Ob6 Exr #3 Stby Sel (CCGE) 4.8 Survival heater.
052 Exp #4 Oper Sel (CPLEE) 2.9 Day operate mode.
6.0 Night operate mode.
(3.1-watt difference due to thermostatically
controiled heater).
7.0 Turn on transient.
053 Exp #4 Stby Sel (CPLEE) 4.5 Survival heater.
055 DSS Htr 1 Sel 10.0 Commandable heater.
056 DSS Htr 2 Sel 5.0 Commandable heater.
070 Level Power X Motor (PSE) 3.05 Normal steady state power.
Exp #1 {PSE) must be operational.
071 Level Power Y Motor (PSE) 3.05 Same &3 CMD 070 (X motor)
072 Level Power Z Motor (PSE) 3.05 Seme 8s CMD 070 (X motor)
076 Thermal Control Mode (PSE)
Auto 0.2 to 2.35 Proportional heater.
Forced 2.77 Heater on continuously.
orf 0.0 Heater off.
Exp #2 (PSE) must be operational.
111 CPLEE Oper Heater On 2.0 This delta will be continuous and will be felt

only if sutomatic control (thermostat) is open
at time of command,

k-13




Commund

113 CPLEE Dust Cover Eject

140 Followed by 152 HFE
Heater On

ALSEP 3

TABLE 4-VI.- COMMANDS CAUSING DELTA POWER - CONCLUDED

Delta Power Delta Current
(watts) (mAdc) Notes
4.0 Until squibs have burned.
0.5 Command 152 steps HFE heaters through their
excitation program, alternately on and off.
NOTE

Electrical demand on +12 Vdc bus required to
operate voltage regulation circuit. PCU con-
version loss (l-watt dissipation at minimum
PCU loading) or shunt regulator dissipation
not included. Conversion loss and shunt
regulator dissipation variable depending on
PCU loading. Refer to Figures 4-4 ang b-5,

41k
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TABLE 4-VII.- CENTRAL STATION STEADY STATE POWER DEMANDS ON EACH VOLTAGE BUS FROM THE PCU

SUBSYSTEM [+29 Vdc|+15 Vdc|+l2 Vdc|~12 Vdc| -6 Vde| +5 Vde| TOTAL NOTES

0.2 W Watts CMD 012 selects A XMTR. XMTR A protection:
L0 W 41.7 mA 6. 5(~10°F) +12 Vde CB-02. +29 Vde CB~03
9.5{+140°F) | CMD 015 selects B XMTR. XMTR B protection:

AMIR A

O O\
o
=
*

+12 Vdc CB-04. +29 Vdac CB-0S.
x: gLsiAw g:g; x CMD 013 turns on selected XMTR.

CMD 01k turns off selected XMIR.
W 8.4 W Overload on + 12 Vdc bus {110 to 225 mA) or
mA +29 Vde bus (560 to 840 mA) causes a switch
to other transmitter. When XMTR is commanded
off (CMD 01k) transmitter heater is auto-
matically turned on. The +12 Vdc switched
to XMTR B also energizes the diplexer switch.

5

XMIR B G

XMTR HTR

N o O

0.695 W No ground commands to control receiver. Over-

RECEIVER 0.665 W
load on +12 Vde bus (110 to 225 mA) disconnects

O

Ve
CA

RECEIVER 1.25 W 105 W +12 Vdcl(via CB~01) from receiver and switches
HEATER 104 mA in receiver heater. Receiver is turned back

on by l2-hour pulse from timer. -6 Vdc on
continuously.

0.45 W |o.50 W CMD 034 turns on "X" processor, "Y" processor

X OR Y DATA

. tectl for

0.12 W 11w 1.435 W processor off . No oxegload"pﬁo ection fo

10 ma 220 mA processors. Either "X" or "Y" processor on.
No overload protection for analog multiplexer.

Analog MUX on continuously.

G.
PROCESSQOR I
o]
1

W
mA 90 mA off. CMD 035 turns on "Y" processor, "X"
ANALOG MUX 0.065 W W
. mA

COMMAND 0.325 W 0.230 WI0.775 W|1.33 W Command decoder is on continuously with no
DECODER 27.1 mA 38.4 mA 155 mA overload protection. Redundant decoders "A"
and "B" addressable from ground.

FDU 0.375 W[0.075 W}0.735 W]0.475 W|0.008 W{0.085 W([1.753 W PDU controls distribution of power to the

12,9 mAl5.0 mA [61.1 mA{39.5 mA}1.3 mA |17 mA AISEP subsystems. +12 Vdc, -12 Vde, and

+5 Vdc are for power sequencer logic. +29 Vde
and +5 Vdc are used for relay drivers located
in PDU.

DUST DET 0.38 W [0.16 W 0.54 W CMD 027 turns dust detector on. +12 Vde bus
31.6 mA|[13.2 mA fuse FO1 - -12 Vde bus fuse F02. 250 mA each.
CMD 031 turns dust detector off. Dust detec-
tor photo-electrical cell temps on continuously.

PCU 1 1.5 W 1.5 W CMD 060 turns on PCU-1, PCU-2 off.

CMD 062 turns on PCU-2, PCU-1 off.

+12 Vdc required for level sensing circuit and
regulator amplifiers. Reserve power <1.5 watts,
Exp 4 will go to standby.

PCU 2

PDR #1 7.0 W 7.0 W CMD OL7 turns on PDR #1.

240 mA CMD 021 turns off PDR #1.

PDR #1 is located on the CS and is exposed to
the Lunsr enviromment.

PLR #2 1h.0w 1h.0 W CMD 022 turns on PDR #2.

485 mA CMD 023 turns off PDR #2.

PDR #2 is located on the CS and is exposed to
the Lunar environment.

DSs 10.0 W 10.0 W CMD 024 turns DSS HTR 3 on.

HEATER 3 345 ma CMD 025 turns DSS HTR 3 off.

When on, heaters are thermostatically controlled
by ST~01 (Closed - 10°F, Open 0°F). The four
heaters are located on the CS thermal plate.

5W S5W CMD 056 turns DSS Htr 2 on. Protected by F-0T
173 mA (500 mA). CMD 057 turns DSS Htr 2 off.

10 W 10 W CMD 055 turns DSS Htr 1 on. Protected by CB-10
345 ma (500 mA +10%).

CMD 056 followed by CMD 057 turns DSS Htr 1 and
2 off.

¥Tronsmitter power demand varies with temperature.
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TABLE 4-VIITI.- RELAY DRIVER FUNCTIONS AND INPUT VOLTAGE REQUIREMENTS

Relay +12 | Input Voltage [+29
Drivers | Relay Function Monitor | CMD |{Vde @ ZE ies Vdc
RD-01 | K-01 | PCU 1 SEL AE-5 060 X

02 | K-01 | PCU 2 SEL AE-6 062 X

03 | K-06 | EXP 1 OPER SEL * 036 X X

o4 | K-06 | EXP 1 STBY SEL | AB-k4 037 X X

05 | K-07 | EXP 1 STBY SEL | AB-k4 037 X i

06 | K-07 | EXP 1 STBY OFF * okl 3

07 | K-08 | EXP 2 OPER SEL * ok2 % 5,4

08 | K-08 | EXP 2 STBY SEL | AB-L4 043 X A

09 | K-09 | EXP 2 STBY SEL | AB-L 043 X X

10 | K-09 | EXP 2 STBY OFF * oLk X X

11 | K-10 | EXP 3 OPER SEL * o4s X X

12 | K-10 | EXP 3 STBY SEL | AB-5 ok6 X X

13 | K-11 | EXP 3 STBY SEL | AB-5 oké X Y

14 | K-11 | EXP 3 STBY OFF * 050 X X

15 | K-12 | EXP 4 OPER SEL * 052 X X

16 | K-12 | EXP L4 STBY SEL | AB-5 053 X X

17 | K-13 | EXP 4 STBY SEL | AB-5 053 % X

18 | K-13 | EXP 4 STBY OFF * 054 b 1 X

19 | K-14 | DSS HTR 1 SEL * 055 X X

20 | K-14 | DSS HTR 2 SEL AB-5 056 X X

21 | K-15 | DSS HTR 2 SEL AB-5 056 X X

22 | K-15 | DSS HTR 2 OFF * 057 X X

23 | CB-01| RECEIVER RESET 12 hr X X

pulse
24 | K-02 | DSS/PROC Y SEL | None 035 X X
K-03
25 | K-02 | DSS/PROC X SEL | None o3k X X
K-03

26 | K-04 | XMTR OFF 01k X X

27 | K-04 | XMTR ON 013 % X

28 | K-05 | XMTR A SEL AE-17 012 X X

29 | K-05 | XMTR B SEL AE-18 015 X X

30 | K-18 | DSS HTR 3 ON * 024 4 X

31 | K-18 | DSS HTR 3 OFF * 025 X X

32 | K-16 | DISSIP R1 ON * 017 X X

33 | K-16 | DISSIP R1 OFF * 021 x X

34 | K-17 | DISSIP R2 ON * 022 X X

35 | K-17 | DISSIP R2 OFF * 023 x X

¥Function determined by monitoring PCU 1 shunt current AE-5, or PCU 2
shunt current AE-6.

ALSEP 3

+5V
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Relay driver
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@ Refer to Table 4-VIII

Y for input voltage

Command
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For reference only
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X g

Refer to Table 4-VIII
for input voltage

+29V bus

Figure 4-6. - Relay driver voltages .
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5.1.3

SECTION 5 ALSEP 3

COMMAND_SUBSYSTEM

SYSTEM DESCRIPTION -
The ALSEP Command Subsystem receives real-time commands, decodes the commands, and supplies the

commands to applicable users to control prescribed operations.

The delayed command sequencer will generate fixed commands, at predetermined times, under the control
of the central station timer, to insure that critical enabling and calibration functions are imple-

mented in the event of failure of the uplink.

The following units make up the ALSEP Command Subsystem:
A, S-band Antenna

B. Diplexer Filter

C. Command Receiver

D. Command Decoder

S-band Antenna
The ALSEP antenna is a modified axial helix designed to receive and to transmit right~hand circular

polarized signals at the Apollo S-band frequency.

The antenna has no command requirements, TM messurements, or power requirements.

TABLE 5-1.- ANTENNA OPERATING PARAMETERS

Antenna Gain Frequency Beamwidth Polarization
Transmit 15.2 ab S-band 27° Right-Hand
Receive 14.7 ab S-band 27° Right-Hand

Diplexer Filter
The diplexer is used to couple the received RF from the antenna to the command receiver, and couple

the RF signal from the ALSEP transmitter to the antenna.

The diplexer filter has no command requirements, TM measurements, or power requirements.

Command Receiver

A. The command receiver is a narrow-band FM type, incorporating an FM discriminator for carrier

phase modulation detection.

TABLE 5-II.- RECEIVER CHARACTERISTICS

1. Frequency - 2119 MHz + .001%
2. Dynamic Range ~101 to ~61 dbm
3. IF Bandwidth 275 kHz €@ 3 db
L4, Power 695 mW

5. T Parameters 5

B. The receiver has redundant local oscillators which are controlled by a level sensor and switch
module. When the output power of the local oscillator falls below a given threshold, the switching
circuit will switch +12 Vdc to the redundant local oscillator. When power is applied to the
receiver, the switching circuit will search between the redundant oscillators until one of the
oscillators provides the necessary signal level, at which time the searching between local
oscillators will be terminated. The search interval is from 200 to 400 ms. The oscillator in
use can be determined by AT 21 (Revr XTAL A Deg F) or AT 22 (Revr XTAL B Deg F).

C. Receiver Local Oscillator Switchover Point - The receiver local oscillator level, TM measurement

AE-~1l, will normally indicate 5.0 dbm. Tocal oscillator switchover will occur st approximately
1.0 dbm.
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TABLE 5-IIX.- RECEIVER POWER REQUIREMENTS

Circuit
Voltage Bus Watts DCMA Protection
+12 Vde # 1% 665 55.5 CB-01 110 to 225 mA
-6 Vdc + 1% .03 5.0 None
NOTE

Receiver overload causes
CB-01 to switch on the
1.25 watt (104 maAdc @
+12 Vdc) RECEIVER HEATER.
CB-01 is reset by the
l12-hour timer pulse.

Command Decoder

The decoder consists of the following sections:
A. Demodulator Section

B. Redundant Digital Decoder Section

C. Delayed Command Sequencer

D. Timer

Demodulator section.- The demodulator section accepts the composite audio subcarrier from the command
receiver. The composite audio subcarrier is the linear sum of the data and sync subcarriers, where
the two-kc data subcarrier is modulated by a 1000 bit per second data stream and the sync signal is

a one-kc subcarrier.

The one-kc subcarrier is used to phase-lock a voltage controlled oscillator (VCO) in order to assure
command bit synchronization during the decoding process. The detection and extraction of the command
bits is accomplished by comparing the two-kc subcarrier with a two-ke synchronized signal produced by

the VCO, which is phase-locked by the one-ke¢ subcarrier signal.

Digital decoder section.-
A. A redundant digital decoders section is provided. The digital decoders are identical but require

different decoder addresses. A command can be executed by either decoder by selecting the proper
decoder address. The decoder addresses for ALSEP 1 asre the following:

1. ALSEP 3 Decoder A 1101001 (Octal 151)

2. ALSEP 3 Decoder B 0101001 (Octal 051)

The system is unique in that it does not use sub-bit encoding.

The ALSEP command structure consists of 21 bits.

31101001 1000100 0111011
7 Bits 7 Bits M5B, "pigs LOP
Decoder Address Command Complement Command

A bit-by-bit comparison is made between the command complement and the command for error protection.
A minimum of 20 bits must precede the command to insure phase-lock, and 2 minimum of 20 bits follow
the command to allow for command execution.

Upon receipt of a command, a command verification word is inserted in Word 05 of the TM downlink.
The command verification word consists of 10 bits. Seven bits in the downlink word are the command
received and one bit, called the parity bit, indicates that the command and command complement did

or did not compare.

DA-T DA-5 DA-6
00 0111011 1
MSB T Bits LSB
2 Bits Command Received 1 Bit
Filler Bits Parity
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Parity Bit "1": Command “and command complement compared, and command was executed.

Parity Bit "0": Command and command complement did not compare, and commend was not executed.

B. Normal Decoder Operation — The redundant Decoders A and B receive the command data, timing pulses,
and the threshold signal simultaneously. The threshold signal is used to indicate to the decoders
that phase-lock has been achieved.

Decoders A and B will search through the command data until one decoder receives a valid address,
at which time the other decoder is inhibited. The decoder that received the valid address starts
its programer at the count of 29. At a count of 36, the command complement is contained in the
decoder shift register. At this time, a bit-by~bit comparison is made against the incoming
command. At a programer count of 43, the commend is contained in the shift register. If a com-
pare was made, the command is executed for 20 ms, until the programer count is €3. Non-comparison
will prevent execution of the command. The command can be downlinked as a command verification
word (CVW) only after the count of 63 through 2047.

The seven bits of command information and the one bit that indicates compare or no compare are

held in the shift register until s Data Demand Signal from the data processor at Word 46 time is

inputted, at which time the 8 bits are shipped serislly to the digital processor to be inserted

into Word 46 of the PCM downlink. The end of the Data Demand Signal generates a Data End Reset

which returns the decoders to the search mode.

C. Command Decoder Reset Capability

1. Power Reset - A separate power reset circuit is provided for Decoder A and B. The purpose of
this is to assure that both decoders will start in the search mode when power is applied to
ALSEP., The reset circuits will also reset the decoders to the search mode in case of a
momentary drop of approximately 3 Vdc on the 5 Vdc Bus. The power reset circuit in Decoder A

will reset the timer inhibit circuit in the timer pulse shaping section and allow the command

decoder to accept the 12-hour and the one-minute pulses from the timer. If a power reset
signal is received during the decoding process of a command, the decoding process will be
terminated at that time, and the decoders will return to the search mode. If e power reset
is received after the decoding process is complete, the command will be executed, but a CVW
will not be received.

2, Demand Override Reset - In the event that the decoders did not receive a Data End Reset signal,
the decoder programer will generate a reset signal 1984 ms (progremer count 2047) after command
execution.

3. Threshold Loss Reset - Loss of phase~lock between the one-kc sync signal that is uplinked and
the one-kc signal derived from the eight-kc VCO during the decoding process of the command,
will generate a threshold loss reset signal. The decoding process will terminate at this
time and the decoders will return to the search mode. If the decoding process has been

completed, the command will be executed and a command verification will be received.

5.1.4.3 Delayed command sequencer.- Provisions have been incorporated to automatically generate eight commands

to provide a backup feature in the event of an uplink failure.

The delsyed command sequencer receives 1l2-hour timing pulses and l-minute timing pulses from the timer
which advance the "hours" and "minutes" counters (see Drawing S.1). A power reset will cause the

counters to be reset to zero.

Through various combinations of "and” gates connected to these counters, the delayed command sequencer
will output the following commands at the times stated. The timer becomes active at PET-zero. PET-zero
is defined as the time of RTG plug~in to the central station.

5-3
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The following commands can be initiated by RTC's or by the delayed command sequencer. The (VW will be

available only if the command was by RTC.
A. One-Time Commands Normal Time of Execution after PET-zero

1. Set CCGE seal break/uprange (CMD 105), 96 hours + 2 minutes
fire PSE uncage circuit* (CMD 073), and
Blow CPLEE dust cover (CMD 113)

2. Initiate Automatic Range Mode of Op 96 hours + 3 minutes
(CMD 110) CCGE.
3. CMB 122 N/A 96 hours + b4 minutes
Execute CCGE Seal Break/Downrange
(c¥D 107)
4, Initiate Automatic Range Mode of Ops 96 hours + 5 minutes
(CMD 110) CCGE.
B. Repetitive Commands Normal Time of Execution after PET-zero
1. CMD 131 N/A 108 hours + 1 minute and every 12 hours thereafter.

2. Restore power to experiment #4 (CPLEE) 108 hours + 7 minutes and every 12 hours thereafter.
(cvp 052)

Command Octal 033 inhibits the automatic commands generated by the delayed command sequencer and

l2-hour timer.

The 12-hour timer commands are listed below for reference and are not generated by the delayed

command sequencer.

C. Repetitive Commands (every 12 hours after PET-zeroc)

1. Command receiver reset
2. ©Short period calibrate PSE (same as CMD 065)
3. Uncage PSE*

a. Arm uncage PSE (at PET-zero +12 hours)

b. Execute uncage PSE (at PET-zero +24 hours)

5.1.h.h Timer.~ The timer is an electro-mechanical device which produces three separate switching functicns:

repetitive l-minute, repetitive 12-hour, and a non-repetitive 2-hour closure. The l-minute and l2-hour
" switch closures are used as inputs to the delayed command sequencer., The 12-hour timer function can

be observed on AL-T (PSE CAL STA) and DIL-8 (PSE SP DATA). The 2-year switch closure is used to
permanently terminate ALSEP transmitter operation. A power reset (Paragraph 5.1.4.2.C.1) will not affect
the 2-year switch closure.
The timer mechanism is driven independently of any ALSEP power by meang of a zinc-mercuric-oxide cell.
Jumper wires in the RTG plug cause the timer to start when the RTG is connected to the central station.

This time is defined at package elapsed time (PET) minus zero, and the time is accumulative.
TABLE 5-IV.- CENTRAL STATION TIMER CHARACTERISTICS

l-minute output  +200 ms
12-hour output +10 min
2-year output +30 days

Timer starts at PET-zero.

TABLE 5-V.- COMMAND DECODER POWER REQUIREMENTS

Voltage Bus Watts mAdc Protection
+12 Vde + 1% .325 27.1 None
+5 Vde + 1% -T75 155 None
~6 Vde + 1% .230 38.4 None

*Uncaging of the PSE will normally be accomplished by two successive ground commands 073. However, as a backup,
two successive 12-hour timer pulses or one 12-hour timer pulse and the 96~hour 2-minute one-time command pulse
will affect uncaging. Arming the uncaging circuit and then placing the PSE to standby will also affect uncaging.

5=k
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5.2 COMMAND FUNCTIONS

003 ASE HBR ON (ALSEP L) DATA PROCESSOR
Command 003 disconnects the data processor from the modulator and connects the modulator to the
Active Seismic processor which supplies the high bit rate data (10,600 bps). The ASE HBR ON
command takes effect at the scheduled end of the 6l-word data processor frame which is in progress
at the time the mode change command is received. The downlink data is meaningless if this
command is executed with no ASE in the flight configuration.
ASE HER OFF {(ALSEP L) DATA PROCESSOR

Command 005 disconnects the ASE processor from the modulator and connects the modulator to the

Qa0

\

data processor which supplies data at 530 or 1060 bps, depending on the last bit rate mode
commended. The ASE HER OFF command takes effect at the scheduled end of the 6i-word data processor
frame which is in progress at the time the mode change command is received. Central station
activation or power reset initializes ASE HBR to OFF.

006 NORM BIT RT SEL DATA PROCESSOR
Command 006 causes the data processor to operate at the normal bit rate (1060 bps). This command
takes effect at the scheduled end of the 6i-word frame which is in progress at the time the mode
change command is received. Central station activation or power reset initializes the data
processor to NORMAL BIT RATE. Switching bit rates will cause sync loss at ground station.

007 LOW BIT RT SEL DATA PROCESSOR
Command 007 causes the data processor to operate at low bit rate {530 bps). This command takes
effect at the scheduled end of the 6h-word frame which is in progress at the time the mode change
command is received. Switching bit rates will cause sync loss at ground station.

011 NORM BIT RT RST DATA PROCESSOR
Command 011 is a provision for returning the operational data processor (determined by Command 034
or 035) to the normal bit rate from either the high or low bit rate. This command does not reset
the analog multiplexer or frame counter. This command takes effect immediately and does not
wait until the scheduled end of the 6h-word frame.

NOTE
This command may result
in sync loss at ground
station, hence possible
loss or false readout of
command verification word.
012 XMTR A SEL POWER DISTRIBUTION UNIT
Command 012 actuates relay K-05, in the PDU, to the position that selects Transmitter A. XMIR A
SEL is the lunar surface initial condition. Switching transmitters will cause sync loss at
ground station.
013 XMTR ON POWER DISTRIBUTION UNIT
Command 013 actuates relay K-O4, in the PDU, which spplies +12 Vdc and +29 Vdc to the transmitter
selected by Command 012 or 015. This command simultaneously removes +29 Vdc from the 8.h-watt
transmitter heater located on the thermal plate.
01k XMTR OFF POWER DISTRIBUTION UNIT
Command Ol4 actuates relay K-Ok, in the FDU, to the position that removes +12 Vdc and +29 Vdc from
the transmitter selected by Command 012 or 0l5. This command simultaneously applies +29 Vdc to the
8.4-vatt transmitter heater. XMTR OFF is the lunar surface initial condition.
015 XMTR B SEL POWER DISTRIBUTION UNIT
Command 015 actuates relay K-05, in the PDU, to the position that selects Transmitter B. Switching
transmitters will cause sync loss at ground station.
017 DISSIP R1 ON POWER DISTRIBUTION UNIT
Command 017 actuates relay K-16, in the PDU, to the position that applies +29 Vdc to a T-watt power

dump resistor and is used to optimize the load on the PCU.

5-5
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DISSIP R1 OFF POWER DISTRIBUTION UNIT

Command 021 actuates relay K~l6, in the FDU, to the position that removes +29 Vdc from the T~watt
power dump resistor.

DISSIP R2 ON POWER DISTRIBUTION UNIT

Command 022 actuates relay K-17, in the PDU, to the position that applies +29 Vdc to a li-watt
power dump resistor and is used to optimize the load on the PCU.

DISSIP R2 OFF POWER DISTRIBUTION UNIT

Command 023 actuates relay K-17, in the PDU, to the position that removes +29 Vdc from the 1h-watt
power dump resistor.

DSS HTR 3 ON POWER DISTRIBUTION UNIT

Command 024 actuates relay K-18, in the PDU, to the position that applies +29 Vdc to the thermo-
statically controlled 10-watt heater located on the central station thermal plate. This heater
is controlled by thermostat ST-0l to ON below —-10°F and OFF above 0°F. This thermal cepability
for the central station is provided to account for unknown factors in the lunar environment.

DSS MAN HTR 3 ON is the lunar surface initial condition.

DSS HTR 3 OFF POWER DISTRIBUTION UNIT

Command 025 actuates relay K-18, in the PDU, to the position that removes the +29 Vdc from the
thermostatically controlled 10-watt central station heater.

DUST CELLS ON POWER DISTRIBUTION UNIT

Commend 027 is a one-state command that activates the dust detector photc cell amplifiers.

DUST CELLS dFF POWER DISTRIBUTION UNIT

Command 031 is a one-state command that deactivates the dust detector photo cell amplifiers.
TIMER OUTPUT ACCPT COMMAND DECODER

Command 032 enables the 12-hour and the l-minute timer output pulses, thus allowing automatic
commands to be generated by the timer and the delayed command sequencer. This command cancels
the effect of Command 033. Central station activation or power reset initializes the TIMER OUTPUT
ACCPT,

3 TIMER OUTPUT INHIB COMMAND DECCDER

Command 033 inhibits the 12-hour and the l-minute timer output pulses which in turn will disable

the following automatic commands generated in the delayed command sequencer.

A. QOne Time Commands Normal Time of Execution after PET-zero
1. Set CCGE seesl break/uprange, fire 96 hours + 2 minutes

PSE uncage circuit, and blow CPLEE

dust cover

2. Initiate automatic range mode 96 hours + 3 minutes
(ccer)
3. Execute CCGE seal break/down range 96 hours + 4 minutes
4. Same as 2 above. 96 hours + S minutes
B. Repetitive Commands Normal Time of Execution after PET-zero
1. This command not used on ALSEP 3 108 hours + 1 minute and every 12 hours thereafter.
2. Restore power to lowest priority 108 hours + 7 minutes and every 12 hours thereafter.

experiment (CPLEE)
This command will also disable the following automastic commands generated by the timer:

C. Repetitive Commands (every 12 hours after PET-zero)

1. Command receiver reset
2. Short period calibrate PSE
3. VUncage PSE
a. Arm uncage PSE (at PET-zero +12 hours)
b. Execute uncage PSE (at PET-zero + 24 hours)
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NOTE

SINCE THIS COMMAND INHIBITS
THE RECEIVER RESET, IT IS
CONSIDERED HIGHLY CRITICAL.

This command will input level
changes to the hours and min-
utes counters of the delayed
command sequencer and advance
the counters by 12 hours and

1 minute. This may change the
execution times of the auto-
matic commands from the delayed
command sequencer and the timer.

This command does not inhibit

or affect the two-year trans-

mitter turn-off command gener-

ated by the timer.

034 DSS/FROC X SEL POWER DISTRIBUTION UNIT

Command 03k actuates relays K-02 and K-03, in the PDU, that apply operational voltages (+15 Vaec,
+5 Vde, -12 Vdec) to the "X" data processor. It simultaneously removes the above voltages from
the "Y" processor. The "X" data processor, upon activation, is initialized to the normal bit

rate. DSS/PROC X SEL is the lunar surface initial condition.

NOTE

This command msy result
in sync loss at ground
station, hence possible
loss or false readout of
command verification word.

035 DSS/FROC Y SEL POWER DISTRIBUTION UNIT
Command 035 actuates relays K-02 and K-03, in the PDU, that apply operational voltages (+15 Vde,

+5 Vde, -12 Vde) to "Y" data processor. It simultanecusly removes the above voltages from the

"X" processor. The "Y" data processor, upon activstion, is initialized to the normal bit rate.

NOTE
This command may result
in sync loss at ground
station, hence possible
loss or false readout of
command verification word.
036 EXP 1 OPER SEL (HFE) POWER DISTRIBUTION UNIT
Command 036 actuates relay K-06, in the PDU, applying +29 Vdc to the HFE instrument and the heater
circuitry in the deployed HFE electronics assembly. It simultaneously removes +29 Vdc from the
standby heater in the HFE electronics package.
037 EXP 1 STBY SEL (HFE) POWER DISTRIBUTION UNIT
Command 037 actuates relays K-06 and K-07, in the PDU, applying +29 Vdc to the standby heater in
the HFE electronics package. It simultaneously deactivates the HFE by removing +29 Vdc from the
instrument. EXP 1 STBY SEL (HFE) is the lunar surface initial condition.
Okl EXP 1 STBY OFF (HFE) POWER DISTRIBUTION UNIT
Command Obl actuates relay K-0T, in the PDU, to the position that removes +29 Vdc from the HFE
heater circuit. If the HFE operating power is on, transmission of this command will have no effect.
0Lk2 EXP 2 OPER SEL (PSE) POWER DISTRIBUTION UNIT
Command 042 actuates relay K-08, in the PDU, applying +29 Vdc to the PSE instrument and the heater
circuitry in the deployed PSE sensor assembly. It simultaneously removes +29 Vdc from the standby
heater in the PSE electronics package in the central station.
043 EXP 2 STBY SEL (PSE) POWER DISTRIBUTION UNIT
Command O3 actuates relays K-08 and K-09, in the PDU, applying +29 Vdc to the standby heater in
the PSE electronics package and to the heater in the deployed PSE sensor assembly. It simultapeously
deactivates the PSE by removing +29 Vdc from the instrument. EXP 2 STBY SEL (PSE) is the lunar

surface initial condition.
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EXP 2 STBY OFF (PSE) POWER DISTRIBUTION UNIT

Command OUk actuates relay K-09, in the PDU, to the position that removes +29 Vdc from both PSE
heater circuits. If the PSE is on, transmission of this command will have no effect.

EXP 3 OPER SEL (CCGE) POWER DISTRIBUTION UNIT

Command O4S actuates relay K-10, in the PDU, applying +29 Vdc to activate the CCGE instrument
and its operational heater.

EXP 3 STBY SEL (CCGE) POWER DISTRIBUTION UNIT

Command 046 actuates relays K-10 and K-1l, in the PDU, applying +29 Vdc to the CCGE standby
heater. This command simultaneously deactivates the CCGE instrument. EXP 3 STBY SEL (ceGE) is
the lunar surface initial condition.

EXP 3 STBY OFF (CCGE) POWER DISTRIBUTION UNIT

Command 050 actuates relay K-11, in the PDU, to the position that remcoves +29 Vdc from the CCGE
standby heater, If the CCGE operating power is on, transmission of this command will have no
effect.

EXP L OPER SEL (CPLEE) POWER DISTRIBUTION UNIT

Command 052 actuates relay K-12, in the PDU, applying +29 Vdec to the CPLEE instrument and the
CPLEE heater. This command is also generated by the delayed command sequencer (see Command 033).
EXP 4 STBY SEL (CPLEE) POWER DISTRIBUTION UNIT

Command 053 actuates relays K-12 and K-13, in the PDU, applying +29 Vdc to the CPLEE heater. It
simultaneously deactivates the CPLEE by removing +29 Vdc from the instrument. EXP 4 STBY SEL
(CPLEE} is the lunar surface initial condition.

EXP 4 STBY OFF (CPLEE) POWER DISTRIBUTION UNIT

Command 0S4 actuates relay K-13, in the PDU, to the position that removes +29 Vdc from the CPLEE
heater. If the CPLEE operating power is on, transmission of this command will have no effect.
DSS HTR 1 SEL POWER DISTRIBUTION UNIT

Command 055 actuates relay K-14, in the PDU, to the position that applies +29 Vdc to the 10-watt
DSS HTR 1.

DSS HIR 2 SEL POWER DISTRIBUTION UNIT

Command 056 actuates relays K-1h and K-15, in the PDU, to the position that applies +29 Vde to the
S-watt DSS HTR 1.

DSS HTR 2 OFF

Command 057 actuates relay K-15, in the PDU, to the powition that removes +29 Vdc from the 5-watt
DSS HTR 2. If DSS HTR 1 is ON, this command will have no effect. Initially, DSS HIR 1 and 2 will
be OFF.

PCU 1 SEL POWER DISTRIBUTION UNIT

Command 060 actuates relay K-Ol, in the PCU, which applies +16 Vde¢ from the RTG to PCU 1 and
simultaneously de-energizes PCU 2, PCU 1 is preset to be energized at initial lunar activation.
Note that there is an automatic switchover feature to PCU 2 in the event the +12 Vdc bus varies
more than *1 Vdc. Adding or removing electrical loads {via ground commands) on PCU 1 can prevent

the +12 Vdc bus from varying out of limits.

KOTE

IN THE EVENT AUTOMATIC SWITCHOVER TO

PCU 2 HAS OCCURRED, THIS COMMAND MUST

BE FLAGGED AS HIGHLY CRITICAL. THE CAUSE
OF THE SWITCHOVER MUST BE DETERMINED
BEFORE THIS COMMAND IS EXECUTED.

SWITCHOVER FROM PCU 1 TO PCU 2 MAY
GENERATE A POWER RESET SIGNAL TO THE
DELAYED COMMAND SEQUENCER COUNTERS,
RESETTING THE COUNTERS BACK TO ZERO.
PCU SWITCHING WILL CAUSE SYNC LOSS
AT GROUND STATION.

PCU 2 SEL POWER DISTRIBUTION UNIT
Command 062 actuates relay K-0l, in the PCU, which applies +16 Vdec from the RTG to PCU 2 and

simultaneously de-energizes PCU 1.
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NOTE

AT THE TIME OF LUNAR ACTIVATION PCU 2

IS DE-ENERGIZED, WITH NO MEANS TC DETER-
MINE ITS CONDITION. FURTHER, NOTE THAT
THERE IS NO AUTCMATIC SWITCHOVER FROM
PCU 2 TO PCU 1. THIS SITUATION, THERE-
FORE, MAKES THIS COMMAND HIGHLY CRITICAL.
THIS COMMAND SHOULD BE EXECUTED ONLY
AFTER DETERMINING THAT PCU 1 IS ON THE
VERGE OF FAILING.

SWITCHOVER FROM PCU 2 to PCU 1 MAY

GENERATE A POWER RESET SIGNAL TC THE

DELAYED COMMAND SEQUENCER COUNTERS,

RESETTING THE COUNTERS BACK TO ZERO.

PCU SWITCHING WILL CAUSE SYNC LOSS AT

GROUND STATION.
PSE/XY GAIN CH EXP 2 (PSE)
Command 063 switches different attenuator values into the LPX and LPY emplifier circuits to allow
gain control of the long period X- and Y-axes signals. Repested transmission of the command will
cause the attenuators to step through values of 0 db, -10 db, -20 db, and -30 db in a repeating
sequence. In addition, this command controls the calibration current of these two axes. PSE
activation initializes the attenuators to -30 db.
PSE/Z GAIN CH EXP 2 (PSE)
Command 06l switches different attenuator values into the LPZ amplifier circuit to allow gain
control of the long period Z-axis signal. Repeated transmission of the command will cause the
attenuator to step through values of 0 db, -10 db, -20 db, and ~30 db in a repeating sequence.
In addition, this command controls the calibration current of this axis. PSE activation initializes
the attenuator to -30 db.
PSE/SP CAL CH EXP 2 (PSE)
Command 065 activates logic that will apply a current, via the SP calibration attenuator, to
the 8P calibration coil. The amount of current from the calibration attenuator is determined by
Command 067. In addition, the SP calibration is automatically performed every 12 hours by means
of the timer unless specifically inhibited by Command 033. This is a sequential ON/OFF command.
PSE activation initializes SP calibration to OFF.
PSE/LP CAL CH EXP 2 (PSE)
Comnand 066 activates logic that applies current, via the LP calibration attenuators, to the LP
damping coils (all three axes simultaneously). The amount of current from the calibration attenua-
tors is determined by Command 063 and Command 064. This is a sequential ON/OFF command. PSE
activation initializes LP calibration to OFF.
PSE/SP GAIN CH EXP 2 (PSE)
Command 067 switches different attenuator values into the SP% amplifier circuit to allow gain
control of the SP axis signal. Repeated transmission of the command will cause the attenuator to
step through values of O db, -10 db, -20 db, and -30 db in a repeating sequence. In addition,
this commend controls the calibration current of this axis. PSE activation initializes the attenuator
to -30 db.
LVL MTRX ON/OFF EXP 2 (PSE)
Command 070 activates logic which applies power to the X-axis drive motor. This is a sequential
ON/OFF command. PSE activation initializes X motor to OFF. Note that the X motor consumes power
in either leveling mode (AUTOMATIC/FORCED) until commanded OFF.

NOTE

Do nct turn on more than one
leveling motor at a time.
De-energize sensor heater via
Command 076 during time any
level motor is on.
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071 LVL MTRY ON/OFF EXP 2 (PSE)

072

=

o7

075

076

Command 071 activates logic which applies power to the Y-axis drive motor. This is a sequential
ON/OFF command. PSE activation initializes Y motor to OFF. Note that the Y motor consumes power

in either leveling mode {AUTOMATIC/FORCED) until commanded OFF.

NOTE

Do not turn on more than one leveling
motor at a time. De-energize sensor
heater via Command OT6 during time
any level motor is on.

LVL MTRZ ON/QFF EXP 2 (PSE)
Command 072 activates logic which applies power to the Z-axis drive motor. This is a sequential
ON/OFF command. PSE activation initializes Z motor to OFF. Note that the Z motor consumes power

in either leveling mode {AUTOMATIC/FORCED) until commanded OFF.

NOTE

DO NOT TURN ON Z LEVELING MOTOR
WHILE PSE IS CAGED. Do not turn
on more than one leveling motor

at a time. De-energize sensor
heater via command 076 during time
any level motor is on.

UNCAGE ARM/FIRE EXP 2 (PSE)

A. Command 073 is a two~-state command (ARM/FIRE). First transmission will arm the actuator circuit.

Second transmission of this command is sent to fire the actuator circuit and uncage all spring
mass systems simultanecusly. This command is an irreversible function and is necessary to
obtain PSE scientific data.
B. The ARM and FIRE commands are also automatically generated by the timer every 12 and 2k hours,
respectively, after PET-zero.
C. Conditions to ARM:
1. PFirst transmission of Command 073.
2., First 12-hour timer pulse.
3. 96 hours + 2 minutes pulse from the delayed command sequencer.
D. Conditions to FIRE (after ARM, above):
1. Next transmission of Command 073.
2. DNext l2-hour timer pulse.
3. 1If armed, placing PSE to standby (Command O43 or operational overload).

NOTE
THE UNCAGE CIRCUITRY WILL NOT
FUNCTION BELOW 30°F.
LVL DIR POS/NEG EXP 2 (PSE)
Command OT4 is a two-state command (POS/NEG) which controls the direction of the level motors for
LPX, LPY, and LPZ axes when in the forced leveling mode (see Command 103). PSE activation initial-
izes leveling direction to POS.
LVL SPEED HI/LO EXP 2 (PSE)
Commend 075 is a two-state command (HI/LO) which controls the speed of the leveling motors for
LPX, LPY, and LPZ axes when in the forced leveling mode {see Command 103). PSE activation
initializes leveling speed to IO.
PSE T CTL CH EXP 2 (PSE)
Command 076 is a four-state command that can be sequentially stepped through the following modes
to control the heater in the deployed PSE sensor.
A. OFF - 429 Vdc is disconnected from the heater.
B. FORCED - +29 Vdc applied to heater and automatic thermostat control disabled.
C. OFF - +29 Vdc is discomnected from the heater.
D. AUTOMATIC - +29 Vde applied to heater and automatic thermostat control enabled,
PSE activation initializes thermal control mode to AUTOMATIC,
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Note that this command does not control the heater in the PSE electronics package in the central
station.

Note that the PSE sensor heater is not controlled by this command when the experiment is in EXP 2
STBY SEL.

PSE FILT IN/OUT EXP 2 (PSE)

Command 101 is a two-state command (IN/OUT) which effectively removes the feedback loop filters
from the LPX, LPY, and LPZ axes. PSE activation initializes the feedback filter to OUT.

The feedback filter has to be in the following modes for the PSE to operste properly:

A. leveling (all modes) - filter OUT

B. Calibration - filter IN

C. Normal operational mode -~ filter IN

LVL SNSR IN/OUT EXP 2 (PSE)

Command 102 is a two-state command {IN/OUT) which activates logic that enables the coarse level
sensors to control the LPX and LPY axes drive motors when an off level condition exists. The
coarse level sensors are used only in the automatic leveling mode. PSE activation initializes
the coarse level sensor to OUT.

PSE LVL MDE A/F EXP 2 (PSE)

Command 103 is a two-state command {AUTOMATIC/FORCED) which controls the leveling mode of LPX,
LPY, and LPZ axes. PSE activation initializes the leveling mode to AUTOMATIC.

NOTE

Only one axis motor is to be on at a time.

CCGE CAL ENABLE
This command (CG-01) is a one-state command which initiates electrometer calibration immediately
and in the existing sensitivity range. Unless Command 110 is transmitted to clear the function
(initiated by Command 104), the calibration continues in the same range until the next zero mode
calibration (every 30.9 min). After 10 seconds of zero mode calibration, the CCGE reverts to
calibration but in the least sensitive (zero) range. When cleared by 110, the automatic mode of
CCGE operation applies a full calibration cycle after each zero mode calibration. The cycle con-
sists of stepping through the seven ranges of measurement while applying precision currents to

the electrometer. After the automatic cycle, the CCGE reverts to scientific data collection (with
autometic range changes) for the next 30.9 minutes. Repeated transmission of Commend 104 has no
effect.

CCGE UFRANGE CH

This command (CG-02) is a one-state command which selects the uprange direction for forced range
changes (by Command 106). Repeated transmission of this command has no effect. The uprange
direction is toward reduced sensitivity; maximum uprange is range "zero" (107~ emp). After

Command 105 is transmitted, unless cleared by Command 110, the next transmission of Command 106
will advance the range one step (uprange) and lock out automatic range changes. Although CCGE

seal break {one-time function) is normally executed by the first transmission of Command 107,

the toggle may initialize in adverse setting which requires Command 107 for execution.

CCGE RANGE STEP/F

This command (CG-03) is a multi-state command which forces the electrometer sensitivity range
change one step (in the direction preselected by Command 105 or 107) each time Command 106 is
transmitted. Each transmission of Commsnd 106 advances the range one step until the maximum (or
minimum) sensitivity is obtained; further transmission has no effect. If Command 105 or 107 is

not transmitted before 106 (i.e., they were cleared by Command 110), the CCGE locks in the existing
range and repeated transmission of Command 106 will have no effect.

CCGE DNRANGE CH

This command (CG-104) is a one-state command which selects the downrange direction for forced

range changes (by Command 106). Repeated transmission of this command has no effect. The down-

12

range direction is toward increased sensitivity; maximum downrange is range 6 (10~ amp) .
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After Command 107 is transmitted, unless cleared by Cormand 110, the next transmission of Command 106
will advance the range one step (downrenge) and lock out automatic range changes. CCGE seal break
(one~time function) is normally executed by the first transmission of Command 107; however, the

toggle may initialize in adverse setting which requires Command 105 followed by 107 for execution.
CCGE RNG MODE/A

This command {CG-05) is a one-state command which clears the functions of all other CCGE commands.

It places the CCGE in the normal mode of scientific data collection (instead of calibration) with
automatic range changes. It also clears Command 105/107 (uprange/downrange selection). Repeated
transmission of Command 110 has no effect. At turn-on, the CCGE initializes in the mode corresponding

to Command 110.

NOTE

Every 30.9 minutes of CCGE operation the
Auto-Zero cal mode is initiated by the
internal programer, This mode is auto-
matic, cannot be inhibited, and takes
precedence over all other modes. The
zero cycle lasts 2.6 minutes (including
a calibration of all ranges) and then
returns instrument to normal operation.

CPE OFR HTR ON

This command bypasses the thermostat in the CPLEE and turns the operational heater on in manual
mode. To restore automatic thermal control the experiment power must be commanded to standby

and back to operate. This command has no control over survival (standby) heaters.

CPE OPR HTR OFF

This command is used to turn off the operational heater after it has been turned on by Command 111.
See Command 111 for restoration of automatic thermal control.

CPE CVR GO

This command actuates the guillotine device for removing the CPLEE dust cover.

CPE DEF SEQ ON
This command starts the automatic sequence of voltages to the CPLEE deflection plates whenever it

has beer stopped {by Command 117). Initial turn-on of the experiment is in the automatic sequence
mode.
CPE DEF STEP

When the sequence has been stopped, this command advances the voltage on the CPLEE deflection
plates one step (in the standard sequence) each time it is used. If automatic sequence is on,
this command has no effect.

CPE DEF SEQ OFF

This command interrupts the automatic sequence of voltages to the CPLEE deflection plates. The
voltage then remains constant until adzanced by Command 115 or restored to automatic sequence by
Command 11k,

CPE CHAN/HI SEL

This command increases the voltage across the channeltron electron multipliers in both physical
analyzers (A and B) to the higher value, 3200 volts, if it is at the lower setting, 2800 volts.
If this command is sent twice, without Command 121 between, the second command has no effect.
Initial turn-on of the CPLEE is at the 2800-volt setting.

CPE CHAN/LO SEL

This command decreases the voltage across the channeltron electron multipliers in both physical
analyzers (A and B) to the lower value, 2800 volts, if it is at the higher setting, 3200 volts.
If this command is sent twice, without Command 120 between, the second command hes no effect.
Initial turn-on of the CPIEE is at the 2800-volt setting.

HFE MODE/G SEL

This command {Cl) is a one-state command. It places the HFE in the normal or gradient mode of
operation (Mode 1) such that data is obtained from the gradient sensors and casble thermocouples
under the control of the Measurement Sequence Programer. It also turns off the probe heater
current supply. At turn-on, the HFE is initialized in this conditien.
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HFE MODE/LK SEL

This command (C2) is a one-state command. It places the HFE in the low conductivity or ring
source mode of operation (Mode 2) such that data is obtained from the gradient sensors and cable
thermocouples under the control of the Measurement Sequence Programer. It also turns on the
probe heater current supply in the low (or ring source) mode allowing heaters to be activated

via Command 152.

HFE MODE/HK SEL

This command {(C3) is a one-state command. It places the HFE in the high conductivity or heat
pulse mode of operation (Mode 3) such that data is obtained from the ring {or remote) sensors
under the control of the Heater Excitation Programer. It also turns on the probe heater current
supply in the high {or heat pulse) mode allowing heaters to be activated by Command 152.

HFE SEQ/FUL SEL

This command (CL4) is a one-state command. It cancels the effect of measurement Commands 142
through 146 and thereby causes the Measurement Sequence Programer to perform its full l6-state
cycle of operation. If transmitted during operation in MODE/HK, this command will cause invalid
data. At turn-on, the HFE is initialized in this condition.

HFE SEQ/P1 SEL

This command {C5) is & one-state command and alternates with Command 143 to select only one probe
for measurement. In MODE/G and MODE/LK it causes the Measurement Sequence Programer to lock the
second flip-flop (P2) in the clear state and bypass that step; that is, act as an eight—state counter
if Command 141 was previously executed or as a two-state counter if Command 1bb, 145, or 146 was
previously executed. In MODE/HK this command is meaningless. Itris cleared by subsequent execution
of Command 1b1.

HFE SEQ/P2 SEL

This command (C6) is a one-state command and alternates with Command 142 to select only one probe
for measurement. In MODE/G and MODE/IK it causes the Measurement Sequence Programer to lock the
second flip-flop (Pa) in the set state and bypass that step; that is, act as an eight-state counter
if Command 141 was previously executed or as & two-state counter if Command 14k, 145, or 146 was
previously executed. In MODE/HK this command is meaningless. It is cleared by subsequent
execution of Command 141.

HFE LOAD 1

This command {C7) is a one-state command and is used alone or in combination with either Command 1kS
or 146 to position and lock the Measurement Sequence Programer's third and fourth flip-flops
(PbP3)‘ It places these two flip-flops in the clear position (00) and bypasses those steps; thus
the MSF acts as a four-state counter if Command 141 was previously executed and as a two-state
counter if either Command 142 or 143 was previously executed. In MODE/HK this command must be
executed, otherwise the data will be invalid. Subsequent execution (in MODE/G or MODE/LK) of
Command 145 or 146 locks PuP3 in the 01 or 10 state respectively. All positioning and locking of
PhP3 is cleared by subsequent execution of Command 14i.

HFE LOAD 2

This command (C8) is a one-state command and is used in combination with either Command 14k
(preceding 145) or Command 146 {preceding or subsequent to 145) to position and lock PLP3

(see 1Lk). It sets P3; therefore 14k followed by 145 places PuP3 in the 01 state. In

combination with 146, it places PhP3 in the 11 state. Depending on vwhether Command 1h1 was
previously executed or one of Command 142/143, the MSP acts as a four-state or two-state counter.
Execution of this command in MODE/HK causes invalid data until Command 14k is executed. It is
cleared by subsequent execution of Command 141.

HFE LOAD 3

This command (C9) is a one-state command operating essentially the same as Command 145 except that

it sets Py. Therefore, when preceded by 1kl it places PLP3 in the 10 state.
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152 HFE HTR STEPS

This command (C1l0) is a 16-state command which advances the Hester Excitation Programer (HhH3H2Hl)
each time the command is executed. In MODE/G the programer advances but there is no other effect
since the probe heater current supply is off. In MODE/LX the execution of Command 152 alternates
the heater status between on and off, simultaneously stepping through the eight heaters (current
supply is on full time, and heater elements sre switched in and out of circuit). In MODE/HK the

Heater Excitation Programer (advanced by Commend 152) also selects the data to be sampled.

NOTE

HFE commands are executed at the ALSEP 90

frame mark; therefore, there must be 54 seconds
delta time between transmission of commands

to the HFE.
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TABLE 5~VI.- PRESET AND LUNAR INITIAL CONDITIONS OF SUBSYSTEMS

Subsystem Command Function Initializes to Lunar Initial Condition
™ 005 ASE HBR OFF OFF
™ 006 NORM BIT RT SEL NORMAL
™ 012 XMIR A SEL XMIR A SELECTED
™ oLk XMTR OFF XMIR IS OFF
EPS DISSIP Rl UNDETERMINED
EPS DISSIP R2 UNDETERMINED
s/T 02k DSS HTR #3 ON DSS HTR #3 ON
S/T o217 DUST CELLS ON OR OFF (RANDOM STATE)
™ 034 DSS/PROC X SEL DP X SELECTED
HFE 037 EXP 1 STBY SEL EXP 1 IN STBY
PSE ok3 EXP 2 STBY SEL EXP 2 IN STBY
CCGE o6 EXP 3 STBY SEL EXP 3 IN STBY
CPLEE 053 EXP L STBY SEL EXP 4 IN STBY
s/T 057 DSS HTR #2 OFF DSS HTR #2 OFF
EPS 060 PCU 1 SEL PCU 1 SELECTED
CMD 032 TIMER OUT ACCPT ACCEPT
PSE 063 PSE/XY GAIN CH -30 DB
PSE 06k PSE/Z GAIN CH -30 DB
PSE 065 PSE/SP CAL CH OFF
PSE 066 PSE/LP CAL CH OFF
PSE 067 PSE/SP GAIN CH -30 DB
PSE 070 LVL MTRX ON/OFF OFF
PSE 071 LVL MTRY ON/OFF OFF
PSE 072 LVL MTRZ ON/OFF OFF
PSE oTh LVL DIR POS/NEG POS
PSE a75 LVL SPEED HI/LO LOW
PSE 076 PSE T CTL CH AUTO
PSE 101 PSE FILT IN/OUT ouT

" PSE 102 LVL SEN IN/OUT ouT
PSE 103 PSE LVL MDE A/M AUTO
CCGE 110 CCGE RNG MODE/A AUTO
CPLEE 053/052 EXP #4 OPER SEL HTR ON, AUTO MODE
CPLEE 11b CPE DEF SEQ ON AUTO DEFL VOLT SEQ ON
CPLEE 121 CPE CHAN/LO SEL CHANNELTRON VOLTAGE 2800V
HFE 135 HFE MODE/G SEL GRADIENT MODE
HFE 1k1 HFE SEQ/FUL SEL FULL 16 STEP MEAS SEQ
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SECTION 6

TELEMETRY SUBSYSTEM

SYSTEM DESCRIPTION
The Telemetry Subsystem consists of central station sensors, experiment sensors, one analog multi-
plexer, two A/D converters, twe digital data processors, two S-band transmitters, one diplexer switch,

one diplexer filter, and a common S-band transmit/receive helix antenna.

Sensors (Transducers)

Analog sensors convert such parameters as temperature, voltage, current, and status into 0- to +5-volt
signals and input these signals to the 90-channel analog multiplexer as engineering (housekeeping)
data to indicate the condition of the central station, RTG, and PSE.

Scientific measurements from the experiment sensors and experiment status, calibration, and temperature
data are converted within each experiment to digital data and applied to the X and Y digital data

processors at the proper demand time in serial form.

Analog Multiplexer .
Analog engineering (housekeeping) data is applied to the 90-channel analog multiplexer. Multiplexer

Channels 1 through 15 are redundant. Selection of the redundant channels can be accomplished by
ground commend, selecting either X or Y data processor (Commands 034 or 035). Channels 16 through
90 are normal channels. The multiplexer is divided into seven groups of 15 column gates each, and
the group outputs are further gated through a tier of seven row gates. The channel advance pulse
generated in the digital data processor (occurs at the time of the sixty-fourth main frame word) is
applied to the analog multiplexer gate sequencers to advance the multiplexer to the next channel
after szach A/D conversion. The gate sequencers generate a ninetieth-channel output pulse that is
used to reset the frame counter located in the digital data processor. The output of the analog

multiplexer is buffered by amplifiers at the input to each A/D converter.

A/D Converters

The A/D converters encode the analog signal from the multiplexer into an 8-bit digital word when
an encpde pulse from the digital data processor occurs (once every digital data processor main
frame). The 8-bit digital word is inputted parallel to the digital data processor st Word 33

time of the ALSEP main frame. Selection of A/D converters is accomplished by commands 034 or 035.

Digital Data Processor

Redundant digital data processors (X and Y) are provided. The redundant processors are selectable
by Ground Command 034 or 035. The processor that is selected receives data in a parallel form
from the A/D converter and in a serial form from the command decoder and experiments. The data is
formatted into a serial NRZC format and then encoded into a split-phase signal and applied to the
transmitter.

As a backup capability, the data processor provides a low bit rate mode at one-half the normal

data rate. The normal or low data rate can be selected by Ground Commands 006 and 007 respectively.

The first three words of the ALSEP main frame are used for the sync code. The bit assignment for
the sync word is shown in Figure 6-2. Bits 23 through 29 are provided for channel identification
for 1 through 9Q channels for correlation of the analog multiplexer data. These bits are derived
from a ripple-through counter which is advanced one step whenever Word 1 of the ALSEP main frame
occurs and is reset by a ninetieth~frame signal generated by the analog multiplexer. When power
is applied to the data processor, these seven bits will be a random count between O and 127 and
cannot be used to determine the position of the multiplexer until it receives the ninetieth-frame

reset signal from the analog multiplexer.

Each of the redundant processors has a power reset circuit. This circuit will reset the processor

to the normal mode if there is a momentary drop in the +5 Vdec line.

The data processor will generate and provide all necessary timing signals to the experiments, command

decoder, A/D converter, and the 90-channel analog multiplexer (see Table 6-III).
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Transmitter

There are two S-band transmitters (A and B) in ALSEP 1, selectable by ground commands. The active
transmitter accepts split-phase telemetry data from the data processor, and PM modulates the

carrier which is applied to the helix antenna at a one-watt level on a downlink frequency of 2278.5 MHz.
Ground Commands are also used to turn the selected transmitter on or off. If the transmitter is
commanded OFF, an B.h-watt heater is simultaneously activated to provide electrical and thermal
balance. Overload protection is provided for both transmitters. Circuit breakers associated with

the overloaded transmitter will switch operating voltages (+29 Vde, +12 Vdc) to the other transmitter.

Diplexer Switch
The diplexer switch is utilized to couple the selected transmitter (A or B) output through the

diplexer filter to the antenna. The direction of the diplexer switch (thus the selection of
transmitter A or B output) is controlled by activating a ferrite device, within the circulator, by
a magnetic field from a coil which is energized by +12 Vdc. The +12 Vdc is applied when transmitter B

is ON,.
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TABLE 6-I.- ANALOG MULTIPLEXER A/D CONVERTER CHARACTERISTICS

Analog Multiplexer (Subcommutated)

Input (from sensors or signal conditions)

Channels/frame

Seconds/frame (normal bit rate)

Seconds/frame (low bit rate)

- Redundancy

. Input (from analog mux)
Conversion
Data to D/P
Time slot in main frame

Redundancy

A/D Converters

0 to +5 Vde

90 Max

5k, 34

108.68

Channels 1 through 15 gates

0 to +5 Vde
8 Bits
Parallel
Word 33

X or Y Converter

Input from +5 to +8 volts Outputs 255 decimal PCM count

Input from +8 to +12 volts Outputs ambiguous PCM count (0-255)
Input above +12 volts Detrimental to analog mux
Either of the two redundant A/D converters are selectable by Ground Command

034 (DSS/PROC X SEL) or 035 (DSS/PROC Y SEL).

TABLE 6-II.- DIGITAL DATA PROCESSOR CHARACTERISTICS

Data rate (BPS)-
Bits/word
Words/frame
Frame/second
Seconds/ frame
Bits/sync word

Redundancy

Low Bit Rate

530
10

2N
53/64
1.2075
22

Normal Bit Rate

1060

10

64
1-21/32
0,6038
22

X or Y Processors

Words 1,-2, and 3 are contrel words.

Word 33 of the main

frame contains housekeeping data from the analog mux A/D

converter.

Word 05'contains the command verification word.

The two MSB's of Words 33 and 05 are filler bits inserted

by the digital data processor.

downlinked MSB first.

All main frame words are

DA-4 (Bit 10 of Wérd 3} contains the Data Processor

Serial Number.

Frame 3 1 MSB
Frame U4 0
Frame 5 1




FCD 12-69.23.18

1 2 3 4 5 6 7 8
X X X CV CP X
9 10 {11 |12 |13 |14 |15 |16
- X - - CG X
17 |18 |19 |20 [21 |22 |23 |24
cP X| cP HF CP X
25 |26 |27 |28 |29 |30 |31 |32
- X - - CG X
33 |34 |35 |36 |37 |38 |39 |40
H X ° ° CP X
41 |a2 |43 |44 |45 |46 |47 |48
- X - - CG X
49 |50 |51 [52 |53 |54 |55 |56
NA X| NA NA cp| c6
57 |58 [59 |60 |61 |62 |63 |64
- X - - CG X

WORD TOTALS LEGEND

3 X
30 X
12 -
2 [
1 HF
5 CG
6 CP
1 CVv
1 H
3 NA

Each box contains

Control

O O T O ¥ 1 B VR S R

ohe ten-bit word
Total bits per frame =10 X 64 = 640 bits
Bit Rate = 1060 bits/second

Passive seismic - short period

Passive seismic - long period

Passive seismic - long period tidal and one temperature
Heat flow
Cold cathode gauge expetiment (MSC)
Charged particle lunar environment
Command verification

Housekeeping
Not assigned (all zeros shall be transmitted)

Figure 6-1, - ALSEP telemetry frame format.
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FCD 12-69.23.24

ALSEP

l word no. 1

i

CONTROL GROUP FORMAT

ALSEP |

ALSEP 3

ALSEP !

word no, 2 l

word no. 3

B_1 2 34 5 6 7 8 9 101112131415 1617 1819 2021 22 23 24 25 2627 28 29 30
it -~ -
11100 0 1001 0O0O0O0T1T1 10 1 10 1 FIF2F3F4F5F6F7 M
L———-———-—-———- Barker code

Synnel

DA-1

JDA-2

DA-3

DA-4

DA-5

DA-6

DA-7

Name

Barker Code and
corplumen:

Frame coun:

Bit rate ID

ALSEP ID

Reccived corand
messaye

Cornnantd MAP

Filler bits

Coriplement of Barker code ——»L——— Frame counter Mh?;'C
| a,2....89, 0

Bits/ Samplcs,
é_l_____SEM Range samplc second

1, 2, and hits 1 NA 22 1.67
and 2 of word 3
Bits 3109 in- 0-127 (framc count 7 1.67
clusive of reads all zcro's
word 3 on channel 90)
Bit 10 of 1.67
word 3
Frame Modc bit Meaning

1 1 Nonnal data rate

2 1 low data rate
Bi- 10, LSB, 3 1,54
of word 3
Frame Mode it

3 1 (MSB) Data processor

4 0 serial number

5 1 ALSEP 3
Bits 3 t0 9 in- 1to 127 7 *
clusive of
word 5
Bit 10, LSB, “0" 1o parity 1 *
of word 5 "10 parity

May bLie used to determine it error rate during

off line nrozessing, Bits 1 and 2 of word

* One word sample is sent for each command received, other saiiples are all zeros.

5

Fiqurc 6-2. - Sync and command verification word format ,
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ALSEP 3

TABLE 6-III.- TIMING FROM DIGITAL PROCESSOR/90 CHAN ANALOG MUX .

SIGNAL TO
Signals From CMD A/D Analog
Data Processor Decoder PSE CCGE CPLEE HFE Converter MUX
Shift Pulse X X X X X
Data Gate X X
Even Frame Mark X X
Frame Mark X X
Data Demand X X X X X
A/D Encode X
Advance Pulse X
90th Frame Mark X

TABLE 6-IV.~ TIMING AND CONTROL PULSE CHARACTERISTICS

Duration®*
Pulse Type (usec) Repetition Rate®
Frame 118 Once Per ALSEP Frame
Even Frame 118 Once Every Other Frame
Mark
90th Frame 118 Once Every 90th Frame
Mark
Data Cate 118 64, Once Per Each Ten-
(Word Mark) Bit Word in Frame
Data Demand 943k Once Per Experiment Word
in ALSEP Frame
Shift Pulse 47 640 Pulses Per Frame
1060 Pulses Per Second
Command 20,000 Asynchronous

*Tn slow ALSEP data mode, duration is twice the normal mode and
repetition rate is one-half normal mode.
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. ALSEP 3

TABLE 6~V.- TELEMETRY SUBSYSTEM POWER REQUIREMENTS AND OVERLOAD PROTECTION

Component Voltage bus Watts mAdc Circuit protection
Digital Data Processor +12 Vde + 1% 0.05 4.2 None
XorY +5 Vdc + 1% 0.450 90.0 | None
Analog Multiplexer +15 Vde + 1% 0.065 bk None
and A/D Converter +12 Vdc + 1% 0.150 12.5 None
XoryY +5 Vde + 1% 1.10 220.0 None
~12 Vde * 1% 0.12 10.0 None
Transmitter A or B +29 Vde + 1% 8.0 275.0 CB~03 Xmtr A 560 to 840 mA
CB-05 Xmtr B 560 to 840 mA
+12 Vde + 1% | 0.5 41,7 CB-02 Xmtr A 110-225 mA
CB-O4 Xmtr B 110-225 mA
Transmitter Heater +29 Vde + 1% | 8.4 345.0 | None
Diplexer Switch +12 Vde + 1% 0.15 12.5 CB-Ob 110+225 mA

TABLE 6~VI.- TRANSMITTER CHARACTERISTICS

Frequency 2275.5 MHz
Modulation M

Stability {long term) +0.0025 percent/year

Power output 1 watt minimum
Power input *6.6 -~ 9.45 watts
T™M parameters L

*Temperature dependent

TABLE €-VII.- REDUNDANT ANALOG CHANNELS

The first 15 channels of the analog multiplexer are applied in parallel to
redundant gates in the analog multiplexer. Either of these redundant gates
can be selected by Ground Command 034 (DSS/PROC X SEL) or 035 (DSS/PROC Y SEL).

Channel Symbol Location/Name
1 AE- 3 Converter Input Voltage
2 AE~- 1 0.25 Vde Calibration
3 AB- 2 4.75 Vdc Calibration
4 AT- 3 Thermal Plate Temp 1
5 AE- L Converter Input Current
[ AR- 1 RTG Hot Frame 1 Temp
7 AR- b RTG Cold Frame 1 Temp
8 AE- 5 Shunt Regulator 1 Current
9 AB- 1 Command Demodulator 1 ke Present
10 AC- k4 DC-DC Converter Voltage (CPLEE)
11 AC- 5 Temperature of Physical Analyser {CPLEE)
12 AB- 4 Power Distribution Exper 1 and 2 Standby
13 AE- 6 Shunt Regulator 2 Current
1k AB- 5 Power Distribution Exper 3, 4, and 5 Standby
15 AT-10 Primary Structure Bottom Temp 1
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ALSEP 3

TABLE 6-VIII.~ CHANNEL MEASUREMENT ASSIGNMENTS FOR ANALOG MULTIPLEXER (ALSEP WORD 33)

Channel

Number

O O~ O I E W N

i

12
13
b
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33

35
36

38
39
4o

41
L2
43

us

46
L7
48
Lg
50

51
52
53

55

56
57
58
59
60

Symbol

AE-
AE-~
AE-
AT-
AE-

WD~ W

P
=
[}
£ e

Location/Name

Converter Input Voltage
0.25 Vde Calibration
L.75 Vdc Calibration
Thermal Plate Temp 1
Converter Input Current

RTG Hot Frame 1 Temp

RTG Cold Frame 1 Temp

Shunt Regulator 1 Current
Command Demodulator 1 kc Present
DC-DC Converter Voltage {CPLEE)

Temperature of Physical Analyser (CPLEE)
Power Distribution Exper 1 and 2 Standby
Shunt Regulator 2 Current

Power Distribution Exper 3, 4, and 5 Standby
Primary Structure Bottom Temp 1

Local Oscillator Crystal A Temp
Local Oscillator Crystal B Temp
Transmitter A Crystal Temp
Transmitter A Heat Sink Temp
PCU Output Voltage 1 {29 V)

Receiver Prelimiting Level

Transmitter B Power Doubler dc Current
LP Amplifier Gain (X and Y)

Leveling Mode and Coarse Sensor Mode
Switchable P/S Voltage (CPLEE)

Dust Cell 2 Output
Sunshield Temp 1
Thermal Plate Temp 2
Supply Voltage #1 (HFE)
Dust Cell 2 Temp

Transmitter B Crystal Temp
Transmitter B Heat Sink Temp
Analog DP, Base Temp

Analog DP, Internal Temp

PCU Output Voltage 2 {15 V)

Receiver Local Oscillator Level
RTG Hot Frame 2 Temp

LP Amplifier Gain (Z)

Thermal Control Status
Channeltron P/S #2 (CPLEE)

Dust Cell 3 Output
Sunshield Temp 2
Thermal Plate Temp 3

Supply Voltage #2 (HFE)

Digital D/P, Base Temp
Digital D/P, Internal Temp
Command Decoder Base Temp
Command Decoder Internal Temp
PCU Output Voltage 3 (12 V)

Transmitter A, AGC Voltage
RTG Hot Frame 3 Temp

Level Direction and Speed
Calibration Status LP and SP
Supply Voltage #3 (HFE)

Dust Cell 3 Temp

Supply Voltage #6 (HFE)
Thermal Plate Temp L

Primary Structure Wall Temp 1
Insulation Inner Temp

NOTE

Channels 1-15 are redundant channels.




ALSEP 3

TABLE 6-VITI.- CHANNEL MEASUREMENT ASSIGNMENTS FOR ANALOG MULTIPLEXER (ALSEP WORD 33) - Concluded

Channel

Number Symbol
61 AT-33
62 AT-3h4
63 AT-35
6l AT-36
65 AE~10
66 AE-16
67 AR~ 5
68 AL- b
69 AL- 8
70 AG- 1
kel AT- T
T2 AT-13
73 BLANK
h AH- b
75 AH- T
76 AT-37
77 AT-38
78 AT-39
79 AE-11
80 AE-12
81 AE-17
82 AR- 6
83 AX~ 1
8h AX- b
85 AG- 2
86 BLANK
87 AT- 9
88 AT-11
89 AC- 2
90 AC- 6

Location/Name

Command Demodulator, VCO Temp
Power Distribution, Base Temp
Power Distribution, Internal Temp
PCU, Power Oscillator 1 Temp

PCU Output Voltage 4 (5 V)

Transmitter B, AGC Voltage
RTG Cold Frame 2 Temp

SP Amplifier Gain (Z)
Uncage Status

Gauge Output (CCGE)

Thermal Plate Temp 5
Insulation Outer Temp

Supply Voltage #4 (HFE)
Supply Voltage #7 (HFE)

PCU, Power Oscillator 2 Temp
PCU, Regulator 1 Temp

PCU, Regulator 2 Temp

PCU Output Voltage 5 (-12 V)
PCU Output Voltage 6 (-6 V)

Transmitter A Power Doubler dc Current
RTG Cold Frame 3 Temp

Dust Cell 1 Temp

Dust Cell 1 Output

Gauge Range (CCGE)

Primary Structure Wall Temp 2
Primary Structure Front Temp 1
Channeltron P/S #1 (CPLEE)
Temperature of Switchable P/S (CPLEE)

NOTE

Channels 1-15 are redundant channels.

TABLE 6-1X.~ EXPERIMENT OFF DOWNLINK STATUS

The observed conditions with experiment operating power OFF, and experiment
standby power either CFF or ON, are:

PSE All
HFE Al
CCGE  All
CPLEE All

Central Station Housekeeping

"1"s in the digital data words
"1"s in the digital data words
"1"s in the digital date words

"1"s in the digital data words

PSE channels (AL-1 through AL-8) either 000 or 001

CCGE channels

(AG-1 and AG-2) either 000 or 001

With the experiments in standby ON or OFF, all "1i"s are present in the
digital data words. Open circuit channels to the analog multiplexer can
read anywhere between 000 and 255.
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TABLE 6-X.- ALSEP 3 AFALOG CHANNEL USAGE

ALSEP 3

Nominal
Operating Nom Redline
Limits Oper Limits
Symbol Location/Name Low High Value Low High
Structural/Thermal Temperatures (Fahrenheit)
AT-1 Sunshield Temp 1 -2ko° 95° -80° -300° +300°
AT-2 Sunshield Temp 2 -2ko° 95° -8¢° -300° +300°
AT-3 Thermal Plate Temp 1 0° 1ho° 83° -25° +150°
AT-4 Thermal Plate Temp 2 0° 125° 83° -25° +150°
AT-5 Thermal Plate Temp 3 0° 125° 83° -25° +150°
AT-6 Thermal Plate Temp % 0° 125° 83° -25° +150°
AT-T Thermal Plate Temp 5 0° 125° 83° -25° +150°
AT-8 Primary Structure Wall Temp 1 (Left) -210° 236° 0° -300° +300°
AT-9 Primary Structure Wall Temp 2 (Right) ~-210° 236° i0° -300° +300°
AT-10 Primary Structure Bottom Temp 1 -210° 258¢° 6° -300° +300°
AT-11 Primary Structure Wall Temp 3 (Back) -50° 250° 28° ~300° +300°
AT-12 Insulation Inner Temp -20° 157° 64° -25° +167°
AT-13 Insulation Outer Temp ~135° 210° 26° -300° +300°
Electronic Temperatures (Fahrenheit)
AT-21 Local Oscillator Crystal A Temp -10° 165° 1kke -15° +170°
AT-22 Local Oscillator Crystal B Temp 0° 125° 75° ~15° +170°
AT-23 Transmitter A Crystal Temp ~10° +146° 75° ~15° +165°
AT-24 Transmitter A Heat Sink Temp -10° +146° 75° -15° +165°
AT~25 Transmitter B Crystal Temp -10° +146° 75° -15° +165°
AT-26 Transmitter B Heat Sink Temp -10° +146° 75° -15° +165°
AT-27 Analog D/P, Base Temp 0° 125° 83° -25° +150°
AT-28 | Analog D/P, Internal Temp Q° 125° 90° -15° +163°
AT-29 Digital D/P, Base Temp 0° 125° 83° -25° +150°
AT-30 Digital D/P, Internal Temp 0° 125° 87° -20° +158°
AT-31 Command Decoder, Base Temp 0° 125° 83° -25° +150°
AT-32 Commend Decoder, Internal Temp Qo 125° 86° -20° +155°
AT-33 Command Demodulator, VCO Temp 0° 125° 86° -20° +155°
AT-34 Power Distribution Unit, Base Temp 0° 1ko° 83° ~25° +150°
AT-35 Power Distribution Unit, Internal Temp 10° 150° 100° -10° +180°
AT-36 PCU, Power Oscillator 1 Temp 0° 150° 9ke -20° +172°
AT-37 PCU, Power Oscillator 2 Temp ~10° 165° ohe -20° +172°
AT-38 PCU, Regulator 1 Temp 50° 195°. 103° ~20° +210°
AT-39 PCU, Regulator 2 Temp -10° 195° 103° -20° +210°
Central Station Electrical
AE-1 0.25 Vde Calibration 2hv .26V .25V .22V .28v
AE-2 4.75 Vde Calibration ) 4, 72v L.78v 4,75V L.tov k. 8ov
AE-3 Converter Input Voltage 15.4v 16.9v 16.2v 15.0V 17.5V
ABE-L4 Converter Input Current 3.9 L.sa L.2a 3.8 k.6a
AE-5 Shunt Regulator 1 Current 0.ha 2.TA 1.1A 0.0%A 3.18A
AE-6 Shunt Regulator 2 Current 0.4a 2.7A 1.1 0.1A 3.184
AR-T PCU OQutput Voltage 1 (29 V) 28.8v 29.2v 29.0V 28.59v  29.k4ov
AE-8 PCU Output Voltage 2 (15 V) 1k.g9v 15.36V 15.0V 1h.8v 15.4v
AE-9 PCU Output Voltage 3 (12 V) 11.9V 12.05V 12.0v 11.85v  12.10V
AE-10 PCU Output Voltage 4 (5 V) k.gv 5.15V 5.0V 4,85v 5.25V
AFE-11 PCU Output Voltage 5 (-12 V)*#* -12.35V  -11.9v -12.0V -12.bv  -11.8v
AE-12 PCU Output Voltage 6 (~6 V)¥** -6.1V -5.9V ~6.0V -6.15V  =5.85V
AE-13 Receiver, Prelimiting Level -92dbm  -8hdtm -88abm -101dbm  -61dbm™¥
AE-1h4 Receiver, Local Oscillator Level 2.6dbm  7.5dbtm 6.1dbm 1.8dbm  7.6dbm"
AE-15 Transmitter A, AGC Voltage 147V 1.89v 1.10v 0.323V  5.00V
@-10°F  @+1L46°F @75°F
AE-16 Transmitter B, AGC Voltage 1.5V 0.95V 0.61V 0.26v  h.TV
8-10°F  @+1L46°F @75°F
AE-1T Transmitter A Power Doubler dc Current 143ma 208ma 162ma 100ma*  24Oma*
@-10°F  @146°F @75°F
AE-18 Transmitter B Power Doubler dc Current 128ma 192ma 15Tma 100ma*  24Oma¥*
@-10°F  @1L6°F @75°F
*At 77.5°F

**AF.11 and AE-12 valves also vary with changes of PCU output voltége 1 (29V), AE-T.
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ALSEP 3

TABLE 6-X.- ALSEP 3 ANALOG CHANNEL USAGE -~ Continued

Nominal
Operating Nom Redline
Limits Oper Limits
Symbol Location/Name Low High Value Low High
RTG Temperatures (Fahrenheit)
AR-1 Hot Frame 1 Temp 1000° 1120° 1054° 980° 1136°
AR-2 Hot Frame 2 Temp 1000° 1120°
AR-3 Hot Frame 3 Temp 1000° 1120° 1107° 980° 12h47°
AR-4 Cold Frame 1 Temp Los® 500° L78° Loyre 5h5°
AR-S Cold Frame 2 Temp 415° 500° 426° hore 5450
AR-6 Cold Frame 3 Temp k15° 500°
Dust_Detector
AX-1 Dust Cell 1 Temp (Fahrenheit) 110° 275° 136° 92° 320°
AX-2 Dust Cell 2 Temp {Fahrenheit) 110° 275° 136° 871° 320°
AX-3 Dust Cell 3 Temp (Fahrenheit) 110° 275° 136° 90° 320°
AX-4 Dust Cell 1 Output 3mV 80mv 52mv 1inV 163mv
AX-5 Dust Cell 2 Output 3mV 80mv S5emv inV 163mV
AX-6 Dust Cell 3 Output 3mv 80my 52my inv 163mv
Operating
Symbol | . Location/Name Channel Limits
Central Station Discretes Decimal PCM
AB-1 Command Demodulator 1 kHz Present 9 No modulation O to 76, no carrier 128 to 255
Modulation 77 to 127
AB-4 Power Distribution Experiment 1 and 2 12 FExper 1 Exper 2
Standby Standby-off Standby-off l+1
Standby-on Standby-off 72 + 10
Standby-off Standby-on 131 + 10
Standby-on  Standby-on 192 + 12
AB-5 Power Distribution Experiment 3, 4 14 Exper 3 Exper U4 DSS HIR 2
and DSS Heater 2 Standby-off Standby-off off 1+1
Standby~off Standby-off On 35 + 10
Standby-off Standby-on off 69 + 10
Standby-off Standby-on On 100 + 10
Standby-on  Standby-off off 131 + 10
Standby-on  Standby-off On 160 + 10
Standby-on  Standby-on ofr 188 + 10
Standby-on  Standby-on On 21k + 10
Passive Seismic
AL-1 LP Amplifier Gain (X and Y) 23 Diserete
AL-2 LP Amplifier Gain (Z) 38 Discrete
AL-3 Level Direction and Speed 53 Discrete
AL~k SP Amplifier Gain (Z) 68 Discrete
AL-5 Leveling Mode and Coarse Sensor Mode 2k Discrete
AL-6 Thermal Control Status 39 Discrete
AL-T Calibration Status LP and SP 5k Discrete
AL-8 Uncage Status 69 Discrete




ALSEP 3

TABLE 6-X.- ALSEP 3 ANALOG CHANNEL USAGE - Concluded

Operating
Symbol Location/Name Channel Limits
Heat Flow
AH-1 Supply Voltage #1 29 4.9 to 5,1 Vdc
AH-2 Supply Voltage #2 45 ~-4.9 to -5.1 Vdc
AH-3 Supply Voltage #3 55 14,7 to 15.3 Vde
AH-4 Supply Voltage #4 Th ~1L.7 to -15.3 Vde
AH-~5 Not Assigned
AH-6 Low Cond Heater Power Status 57 Discrete
AH-7 High Cond Heater Power Status 5 Discrete
Cold Cathode Gage
AG-1 Gage Output 70 1.1 to 9 units
AG-2 Gage Range 85 10-7 to 10-13 amps (7 discrete steps)
Charged Particle
AC-1 Switchable Power Supply Voltage 25 -3500 to +3500 Vde {7 discrete steps)
AC-2 Channeltron Power Supply #1 89 2800 Vdc +400 Vde
AC-3 Channeltron Power Supply #2 40 or 3200 Vdc +400 Vac
AC-Y4 DC-DC Converter Voltage 10 2.8 to 3.2 Vdc .
AC-5 Temperature of Physical Analyser 11 -30° to +80°C
AC-6 Temperature of Switchable P/S 90 -39° to +80°C

TABLE 6-XI.- HEAT FLOW MEASUREMENTS, MODE 1 & 2 GRADIENT AND LOW CONDUCTIVITY

SYMBOL LOCATION/MEASUREMENT FRAME RANGE
DH-1 AT11 H Temp Grad High Sens 0-7 t?°C
DH-2 AT12 H Temp Grad High Sens 8-15 +2°C
DH-3 AT21 H Temp Grad High Sens 90-97 +2°C
DH- U ATpp H Temp Grad High Sens 98.105 +2°C
DH-5 AT11 L Temp Grad Low Sens 180-187 +20°¢C
DH~6 ATip2 L Temp Grad Low Sens 188-195 +20°C
DH-T 4T21 L Temp Grad Low Sens 270-277 :20°C
DH-8 4T22 L Temp Grad Low Sens 278-285 +20°C

DH-9 T11 Probe, Ambient Temp | 360-367 | 200 to 250°K

DH-10 T1p  Probe, Ambient Temp | 368-375 | 200 to 250°K

DH-11 T21 Probe, Ambient Temp | 450-457 | 200 to 250°K

DH-12 Top  Probe, Ambient Temp | 458-L465 | 200 to 250°K

DH-13 Ref Ty, Temp Ref Junction 5ho-sk7 | -20 to +60°C

# DH-1L, 2L, 34, 44 | TCy Group Probe Cable Temp | 548-555 90 to 350°K

DH-15 Ref Tp, Temp Ref Junction 630-637 | -20 to +60°C

# DH-16, 26, 36, 46 | TC2 Group Probe Cable Temp | 638-645 90 to 350°K

¥See Table 8-I for these measurements.




ALSEP 3

TABLE 6-XII.~ HEAT FLOW MEASUREMENTS, MODE 3, HIGH CONDUCTIVITY

SYMBOL LOCATION/MEASUREMENT | FRAME | RANGE | H-BITS PROBE | BRIDGE | HEATER STATUS
DH-50 Differential Temp o-7 0000 1 1 off
DH-51 Ambient Temp 8-15 0000 1 1 Ooff
DH-52 Differential Temp 0-7 0001 1 1 Hiz On
DH-53 Ambient Temp 8-15 0001 1 1 Hy2 On
DH-60 Differentisl Temp o-7 0010 1 2 off
DH-61 Ambient Temp 8-15 0010 1 2 off
DH-62 Differential Temp 0-7 0011 1 2 Hik On
DH~63 Ambient Temp 8-15 0011 1 2 Hiy On
DH~56 Differential Temp o-7 0100 1 1 off
DH-5T Ambient Temp 8-15 0100 1 1 orf
DH-58 Differential Temp o-7 0101 1 1 Hiy On
DH-59 Ambient Temp 8-15 0101 1 1 Hy; On
DH-66 | Differential Temp 0~T 0110 1 2 off
DH-6T Ambient Temp 8-15 0110 1 2 off
DH-68 Differential Temp o-7 0l1i 1 2 Hi3 On
DH~69 Ambient Temp 8-15 0111 1 2 Hj3 On
DH~TO Differential Temp 0-7 1000 2 1 Off
DH-T1 Ambient Temp 8-15 1000 2 1 off
DH~T2 Differential Temp o-7 1001 2 1 Hop On
DH-73 Ambient Temp 8-15 1001 2 1 Hpp On
DH-80 Differential Temp o-7 1010 2 2 Off
DE~-81 Ambient Temp 8-15 1010 2 2 off
DH-82 Differential Temp 0-7 1011 2 2 Ho) On
DH-83 Ambient Temp 8-15 1011 2 2 Hy, On
DH-T6 Differential Temp 0-7 1100 2 1 Qff
DE-TT Ambient Temp 8-15 1100 2 1 off
DH~T8 Differential Temp 0-7 1101 2 1 Hpy On
DH-T79 Ambient Temp 8-15 1101 2 1 Hpl On
DH-86 Differential Temp o-7 1110 2 2 off
DH-87 Ambient Temp 8-15 1110 2 2 off
DH-88 Differential Temp o-7 1111 2 2 H23 On
DH-89 | Ambient Temp 8-15 1111 2 2 Hp3 On
TABLE 6~XIV.- HEAT FLOW MEASUREMENTS, ANALOG
SYMBOL LOCATION/MEASUREMENT CHANNEL RANGE DEgngL
AH-1 Supply Voltage #1 29 0 to +5 Volts
AH-2 Supply Voltage #2 45 0 to -5 Volts
AH-3 Supply Voltage #3 55 0 to +15 Volts
AH-4 Supply Voltage #4 Th 0 to -15 Volts
AH-5 Not Assigned
AH-6 Low Cond Heater Power Status 57 2 to 2.5 Volts On 102-128 Htr On
otherwise 0ff 3-101 Hir Off
AH-T High Cond Heater Power Status 75 2 to 2.5 Volts On 102-128 Htr On

otherwise Off

3-101 Htr Off
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FCD 12-69.23.22 ALSEP 3

Eﬁiﬁ Bit Position ALSEP
Word 1 2 3 4 5 6 7 8 9 10 |Frames
o Ry | Ry 0 [P [Pa] P, | Py [222],501],10]
27 [ 28 27 |20 22 2% 22222t |20 ¢
1 R, | R Cmy g [ o o [0
9| 8 | o7 | 6| 25| 28| 53|02 51,0 3
2 Ry | Ha [ s | My | My | O [,22],11] 00
918 272822 2% 22222 2°] s
3 Ry 0o o [o|o[,a2] 10,
2701 281 27 [ 2% 22| 2% | 23| 22| 2t | 2°
Notes:

1. It takes two ALSEP main frames to downlink one heat flow word. It takes
four heat flow words to obtain one measurement except in Thermocouple
Group Probe 1 and 2. In Thermocouple Group Probe 1 and 2 each heat
flow word contains a single measurement.

Measurement DH~-90: Ml’ M2, and I\/I3 identifies mode.
3. Measurement DH-91:

P4, P3, P2, and P1 are measurement identification in gradient

mode and low conductivity mode.

4, Measurement DH-92:
R2 and R1 are the binary equivalent of heat flow word and identify

the analog parameters (1 3-bits) that are used in the calculation
to derive the engineering units for a measurement number.

5. Measurement DH-93:
H4, H3, H2, and H1 identify the conductivity heater status. In

the high conductivity mode it identifies the measurement numbers
also.

6. Measurement DH-94:
Filler bits (shown as zeros in above chart).

Figure 6-3. - Heat flow experiment word format.
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* ALSEP 3

TABLE 6-XV.- PASSIVE SEISMIC MEASUREMENTS LIST, ALSEP 3

Scientific Measurements

Symbol Location/Measurement ALSEP Word g‘fﬁi Sensor Range
IDL- 1 Long Period X Seismic 9, 25, k1, 57 Every 1 mp to 10u
DL~ 2 Long Period Y Seismic 11, 27, k3, 59 Every 1 mu to 10u
IDL- 3 Long Period Z Seismic 13, 29, 45, 61 Every 1 my to 10u
IDL- &4 Long Period X Tidal 35 Even 0.01 to 10" {arc)
DL~ 5 Long Period Y Tidal 37 Even 0.01 to 10" (arc)
DL~ 6 Long Period Z Tidal 35 odaa 8 ugal to 8 mgal
DL~ 7 Instrument Temp 37 0dd 107 ~ 143°F
IDL~ 8 Short Period Z Seismic Every Even Every 1 mp to 10n

Word Except

2 and 56

Engineering Measurements -

8 channels of Engineering Measurements included in ALSEP Word 33

Symbol Location/Measurement Analog Channel Sensor Range Decimal PCM
AL~ 1 LP Ampl Gain (X and Y) 23 0 db 0-0.L4v 0-21
-10db 0.6-1.4 31-72
-20db 1.6-2.h 82-122
-30db 2,6-4.0 133-20k
AL~ 2 LP Ampl Gain (Z) 38 0 db 0-0.kv 0-21
~10db 0.6-1.4 31-72
-20db 1.6-2.4 82-122
-304db 2.6-4,0 13320k
AL- 3 Level Direction and Speed 53 +low 0-0,4V 0-21
-low 0.6-1.4 31-T2
+high 1.6-2.4 82-122
-high 2.6-4.0 133-20b
AL- 4 8P Ampl Gain (Z) 68 0 db 0-0, kv 0-21
-10db 0.6-1.h 31-72
-20dd 1.6-2.4 82.122
~30db 2.6-4.0 133-20k
AL- 5 Leveling Mode and Coarse | 24 Automatic, coarse sensor out 0~-0.4v 0-21
Sensor Mode
Forced, coarse sensor out 0.6-1.4 3172
Automatic, coarse sensor in 1.6-2.4 82-122
Forced, coarse sensor in 2,6-4.0 133-204
AL- 6 Thermal Control 39 Automatic Mode ON 0-0.4v 0-21
Automatic Mode OFF 0.6-1.L 31~72
Forced Mode ON 1.6-2.4 82-122
Forced Mode OFF 2.6-4.0 133-20k
AL- T Calibration Status LP & SP 54 All ON 0-0. 4V 0-21
LP ~ ON, 8P - OFF 0.6-1.k 31-72
ILP - OFF, SP - ON 1.6-2.4 82-122
All OFF 2.6-4.0 133-20k
AL- 8 Uncage Status 69 (;aged 0-0.4v 0-21
Arm 0.6-1.h4 31.72
Uncage 1.6-2.4 » 82~.122
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TABLE 6-XVI.~ COLD CATHODE GAGE MEASUREMENTS

ALSEP 3

CCGE ALSEP

SYMBOL | LOCATION/MEASUREMENT WORD WORDS FRAME RANGE

DG-1 Multiplexer State All Bits 2° & 2! 15,31,47,56,63 | A11 {0 to 3

DG-2 Automatic Zero State | One, 2° Bit 15 A1l | "0" = Operate "1" Zeroing

DG-3 Calibrate State One, 23 Bit 15 A1l { "0" = Operate "1" Calibrate

DG-4 Housekeeping Word ID { One, Bits 2h & 22 15 A1l | "0" = DG-10 "2" = DG-12
"1" = DG-11 "3" = DG-13

DG5S Ranging Mode One, 26 Bit 15 A1l | "i" = Automatic "O" Manual

DG-6 Range One, Bits 27,28,29 15 A1) lO_'6 to 10—12 Torr in 7 steps

DG-T Gage Output Two 31 A1l ] O to 255 PCM

DG-8 Gage Temperature Three L7 A1l [ ~300 to +275°F

DG~9 Electronics Pkg Temp | Four 56 All | -50 to +200°F

DG-10 | 4.5 kilovolt Monitor | Five €3 1 .2 xV to 4.8 xv

DG-11 | +15 Volts Five 63 2 14,00 to 16.00 Vdc

DG-12 |-15 Volts Five 63 3 ~13.90 to -~16.75 Vdc

DG-13 | +10 Volts Five 63 4 9.6 to 10.4 Vde

AG-1 Gage Output 33, Chan T0O Same as DG-T

AG-2 | Gage Range 33, Chan 85 1o:ig - 0.25 to 0.45 Vde
107,75 - 0.60 to 0.80 Vde
10_75 - 0.90 to 1.10 Vde
107," - 1.20 to 1.60 Vdc

[ 1073 - 1.50 to 1.90 Vde

10_7 ~ 1.80 to 2,20 Vdc
10 ~ 2.20 to 2.60 Vdc
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The CCGE (MSC) interface is designed to replace the SIDE/CCGE without change to the
ALSEP system. The expetiment uses ALSEP words 15, 31,47, 56, and 63, The first
CCGE (MSC) word contains six experiment state indications; the second CCGE (MSC) words,
the cold cathode gauge output; the third, the gauge temperature; the fourth, the CCGE electronics
temperature , and the fifth is a subcommutated housekeeping engineering data word. The basic
format is shown below:

CCGE/MSC | ALSEP S
o Wod 127 12827 [ 28] 2% [ 2% | 23] 22| 21 | 2° Remarks
R R R Identification
1 15 1| Ro | Ry | RM [HKID[HKID|CAL | Zero | 1 1| formation
2 31 X X X X X X X X 0 0 Gage
output
3 47 | x | x | X x | x | x| x|o]| 1|80
X temperature
E lectronics package
* >0 X X X X X X X X 1 0 temperature
Housekeeping
> 63 X X X X X X X X 1 1 engineering data

R - Range CAL - Calibration state
RM - Range mode Zero - Automatic zero state
HKID - Housekeeping ID ID - Multiplexer state

Figure 6-4. - Cold cathode gage experiment (MSC) word format .
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ALSEP
Chan  words Det Analyzer
DC- A
1 7 1 A 97 218 217 216 215 214 213 212 211 210
2 17 29 28 27 26 25 24 23 22 21 20
DC-
3 19 2 A
98 Even
frame
4 23
DC-
5 39 3 A 991
6 55 )
DC- A
7 7 4 A 99-2
8 17
9 19 5 A
: 0dd
frame
10 23
11 39 6 A 219 [,18 217 ,16],15(,14 ,13 212|511 510
12 55 29 |28 27 |2%(2° (2% 22|22 2120
13

i Repeat format of channels 1 to 12 for analyzer B,
Detectors 1 to 6 with the same deflection plate voitage.
24 | Channels 1 through 24 are run through for +3500, +350,
+35,0, - 3500, -350, -35 and O volts each in

sequence for a full data cycle

DC-97 DC-98 'DC-99
Physical analyzer ID Polarity of deflection Deflection voltage
Analyzer A = "1" Voltage ID Level ID

B="0" Polarity + = "1" MSB LSB Voltage
=0 1 1 3500
1 O 350
0 1 35
0 o 0

Fiqure 6-5, - CPLEE word format,
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* ALSEP 3

TABLE 6-XVII.~ CHARGED PARTICLE MEASUREMENTS

SYMBOL LOCATION /MEASUREMENT Gé‘ggg gm
DC-1 Detector 1-A +3500V 7, 17 1
DC-2 Detector 2-A +3500V 19, 23 1
DC-3 Detector 3-A +3500V 39, 55 1
DC-4 Detector UY-A +3500V Ts 17 2
DC-5 Detector 5-A +3500V 19, 23 2
DC-6 Detector 6-A +3500V 39, 55 2
DC-7 Detector 1-B +3500V T, 17 3
DC-8 Detector 2-B +3500V 19, 23 3
DC~9 Detector 3-B +3500V 39, 55 3
DC-10 Detector 4-B +3500V T, 17 4
DC-11 Detector 5-B +3500V 19, 23 N
DC-12 Detector 6~B +3500V 39, 55 L
DC-13 Detector 1-A +350V T, 1T 5
DC~1k Detector 2-A +350V 19, 23 5
DC-15 Detector 3-A +350V 39, 55 5
DC-16 Detector 4-A +350V 7, 17 6
DC-17 Detectar 5-A +350V 19, 23 6
DC-18 Detector 6-4 +350V 39, 55 6
DC-19 Detector 1-B +350V T, 17 T
DC-20 Detector 2B +350V 19, 23 7
DC~21 Detector 3B +350V 39, 55 7
DC-22 Detector U-B +350V Ty 17T 8
DC-23 Detector 5-B +350V 19, 23 8
DC-2k Detector 6-B +350V 39, 55 8
DC-25 Detector 1-A +35V T, 17 9
DC-26 Detector 2-A +35V 19, 23 9
DC-27 Detector 3-A +35V 39, 55 9
DC-28 Detector L-A +35V T, 1T 10
DC-29 Detector 5-A +35V 19, 23 10
DC-30 Detector 6-A +35V 39, 55 10
DC-31 Detector 1-B +35V T, 17 11
DC-32 Detector 2-B +35V 19, 23 11
DC-33 Detector 3-B +35V 39, 55 1
DC-34 Detector L-B +35V Ty 17T 12
DC-35 Detector 5-B +35V 19, 23 12
DC-36 Detector 6-B +35V 39, 55 12
DC-37 Detector 1-A +0V Ty 1T 13
DC-38 Detector 2-A +0V 19, 23 13
DC-39 Detector 3-A +0V 39, 55 13
DC-40 Detector U-A +0OV 7, 17 1k
DC-k1 Detector 5-A +0V 19, 23 14
DC-42 Detector 6-A +0V 39, 55 1k
DC-43 Detectoy 1~B +0V T, 17 15
DC-bh Detector 2-B +0V 19, 23 15
DC-kS Detector 3-B +0V 39, 55 15
DC-k6 Detector 4-B +0V 7, 17 16
DC-47 Detector 5-B +0V 19, 23 16
DC-48 Detector 6-B +0V 39, S5 16
DC-k9 Detector 1-A -3500V T, 17 17
DC-50 Detector 2-A -3500V 19, 23 17
DC-51 Detector 3-A ~-3500V 39, 55 7
DC-52 Detector 4-A -3500V 7, 17 18
DC-53 Detector 5-A -3500V 19, 23 18
DC-54 Detector 6-A -3500V 39, 55 18
DC-55 Detector 1-B -3500V T, 17 19
DC-56 Detector 2-B -3500V 19, 23 19
DC-57 Detector 3-B -~3500V 39, 55 19
DC-58 Detector 4-B ~-3500V T, 1T 20
DC~59 Detector 5-B ~3500V 19, 23 20
DC-60 Detector 6-B ~3500V 39, 55 20
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TABLE 6-XVII.-~ CHARGED PARTICLE

ALSEP 3

MEASUREMENTS - Concluded

ATSEP CPLEE

SYMBOL LOCATION /MEASUREMENT WORDS FRAME
DC-61 Detector 1-A =350 . T, 17 21
DC-62 Detector 2-A -~350 19, 23 21
DC-63 Detector 3-A -350 39, 55 21
DC-6k4 Detector 4-A -350 T, 17 22
DC-65 Detector 5-A =350 19, 23 22
DC-66 Detector 6-A -350 39, 55 22
DC~6T Detector 1-B -350 7, 17 23
DC-68 Detector 2-B -350 19, 23 23
DC-69 Detector 3-B -350 39, 55 23
DC-70 Detector 4-B -350 7, 17 24
BC-T1 Detector 5-B ~350 19, 23 24
DC-T2 Detector 6-B =350 39, 55 ak
DC~T3 Detector 1-A =35 T, 17 25
DC-Th Detector 2-A -35 19, 23 25
DC~T5 Detector 3-A -35 39, 55 25
DC-T6 Detector 4-A -35 T, 17 26
DC-T7 Detector 5-4 ~35 19, 23 26
DC-78 Detector 6-A -35 39, 55 26
DC-T79 Detector 1-B ~35 T, 17 27
DE-80 Detector 2-B -35 19, 23 27
DC-81 Detector 3-B -35 39, 55 27
DC-82 Detector 4-B -35 T, 17 28
DC-83 Detector 5-B -35 19, 23 28
DC-8k Detector 6-B -35 39, 55 28
DC-85 Detector 1-A -0 T, 17 29
DC-86 Detector 2-A -0 19, 23 29
DC-87 Detector 3-4 -0 39, 55 29
DC-88 Detector U-A -0 7, 17 30
DC-89 Detector 5-A -0 19, 23 30
DC-GO Detector 6-A -0 39, 55 30
DC-91 Detector 1-B -0 T, 17 31
DE-92 Detector 2-B -0 159, 23 31
DC-93 Detector 3-B -0 39, 55 31
DC-9k Detector 4-B -0 T, 17 32
DC-95 Detector 5-B -0 19, 23 32
DC-96 Detector 6-B -0 39, 55 32
DC-97 Physical Analyser ID 7 (Bit #1 Even Fr)
DC-98 Polarity of Deflection |19 (Bit #1 Even Fr)

Voltage ID
DC-99 Deflection Voltage 39 (Bit #1 Even Fr)

Level ID 7 (Bit #1 0dd Fr)

Analog Measurements

SYMBOL | LOCATION/MEASUREMENT ALSEEHXERD & RANGE
AC-1 Switchable P/S Voltage 33-25
AC-2 Channeltron P/S #1 33 - 89
AC-3 Channeltron P/S #2 33 - ko
AC-Y4 DC-DC Converter

Voltage 33 - 10
AC-5 Temperature of

Physical Analyser 33-11 |-30 to +120°C
AC-6 Temperature of

Switchable P/S 33 - 90 .30 to +120°C
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* ALSEP 3

SECTION T

DUST DETECTOR SUBSYSTEM

7.1 SYSTEM DESCRIPTION
The objectives of the dust detector are to obtain data for assessment of dust accretion on the

AISEP and to provide a measure of thermal degradation of thermal surfaces.

Dust accumilation on the surfaces of the three solar cells will reduce the amount of solar
illumination detected by the cells. The outputs of the three solar cells are applied to three
amplifiers which condition the signals and apply them to three subcommutated analog data channels

of the data subsystem.

Temperature at each solar cell, essential to the analysis of cell ouytput data, is monitored by a
thermistor to obtain thermal data in relation to dust accretion. The thermistor outputs are applied

to three subcommutated analog data channels of the data subsystem,

The expected temperature range of each solar cell will be -300°F to +300°F over a lunar cycle, and
the temperature readings will only be usable above +80°F because of calibration difficulties.
However, during the lunar night when the dust detector will be turned off, the voltage to the

three temperature sensors (AXl, AX2, and AX3) will not be turned off, and the output voltages will
be greater than +5V (between +5V and +12V) and will therefore be meaningless. This will occur with

temperatures below +80°F and will cause the A~D multiplexer to give an all 1l's readout.
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Figure 7-1.- Dust detector.
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8.1.2.1

8.1.2.2

SECTION 8 ALSEF 3

HEAT FLOW EXPERIMENT

SYSTEM DESCRIPTION

Experiment Objectives

The heat flow experiment {HFE) measures the net outward flux of heat from the moon's interior. Measure-
ment of lunar heat flux will provide:

A. A comparison of the radiocactive content of the moon's interior and the earth's mantle.

B. A thermal history of the mocn

C. A lunar temperature-versus-depth profile

D. The value of thermal parameters in the first three meters of the moon's crust.

When compared with seismic measurements, data from the HFE experiment will provide information on the

composition and physical state of the moon's interior.

Major Components
The major components of the HFE are two sensor probes and an electronics package as shown in Figure 8-1.

Sensor probes.- The probes consist of epoxy-fiberglass tubular structures which support and house
temperature sensors, heaters, and the associated electrical wiring. Each probe has two sections, each
55 em (21.6 inches) long, spaced 2 cm (0.8 inches) apart and mechanically conmnected by a flexible
spring. The flexible spring allows the probe assembly to be bent into a U-shape to facilitate packing,

stowage, and carry.

There is a gradient heat sensor surrounded by a heater coil at each end of each probe section. Each of
these two gradient sensors consists of two resistance elements. These four resistance elements are
connected in an electrical bridge circuit. Ring sensors are located 10 cm (b inches) from each end of
each probe section. Each of these two ring sensors has two resistance elements. These four resistance
elements are connected into an electrical bridge circuit. Also, four thermocouples are located in the
cable of each probe, identified and spaced as follows: number one at the upper end of the probe,

numbers two, three and four spaced 25, 45, and 65 inches up the cable from the end of the probe.

Electronics package.- The heat flow electronics package contains six printed circuit boards which mount
the functional circuits of the experiment. An external cable reel houses the HFE/central station cable
and facilitates deployment. A sunshield thermally protects the electronics package from externally
generated heat. Two reflectors built into the open ends of this sunshield aid in the radiation of
internally generated heat that otherwise might be entrapped under the sunshield. The electronics package

is thermally protected by multilayer insulation and thermal control paint.

Deployment
The HFE is deployed with the two sensor probes emplanted in the lunar surface in 3-meter (10-foot)

boreholes. These holes are drilled by the astronaut with the Apollo lunar surface drill (ALSD). (Refer
to Section 12 for a description of ALS8D.} The two probes are connected by two multiple-lead cables to
the HFE electronics package which is deployed separately from the ALSEP central station.

HFE MODES
The HFE performs its measurements in three basic modes of operation: Mode 1 or Mode/G, Mode 2 or

Mode/LK, and Mode 3 or Mode/HK.

Mode/G, Normal Gradient Mode

The normal gradient mode is used to monitor the heat flow in and out of the lunar surface crust. Heat
from solar radiation flows into the moon during the lunar day and out of the moon during lunar night.
This larger heat gradient in the near subsurface of the moon will be monitored and measured in order to

differentiate it from the more steady but smaller heat flow outward from the interior of the moon.
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Mode/LK, Low Conductivity, and Mode/HK, High Conductivity

Thermal conductivity of the lunar material is measured with the principle of creating a known quantity

of heat at a known location by exciting one of the eight probe heaters, and measuring the resultant
probe ambient temperature and temperature differentials 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 renge using two modes of operation is

incorporated into the HFE design.

Ambient Temperature Measurements

Ambient temperature measurements are made at any gradient bridge or at any one of the thermocouples
spaced at four points along each probe cable. In each probe cable, the thermocouples are placed at the
top gradient sensor and at distance increments of 25, 45, and 65 inches above the top gradient sensor.

The reference junction for the thermocouples is mounted on the HFE electronics package thermal plate.

Mode/G.~ Normal {gradient) mode initiated by octal command 135 (gradient sensor excitation - no heater
excitation). The heat gradients (temperature differentials) end probe ambient temperatures are measured
with the gradient sensors and the thermocouples spaced along the two cables connecting the probes to the
electronics package. In each deployed probe, the temperature difference between the ends of each of the
two sections is measured by the gradient bridge consisting of the gradient sensors positioned at the
ends of the probe section. Gradient temperature differentials are measured in both the high sensitivity

and low sensitivity ranges.

Mode/LK.- Low conductivity mode (ring source) initiated by octal command 136 (gradient sensor excitation -
low heater excitation). The probe heater selected by octal command 152 receives low power excitation

and dissipates 2 milliwatts of power. The thermal conductivity is determined by measuring the tempera-
ture rise of the gradient bridge around which the selected heater is located. The temperature which

the heater must reach to dissipate the power input is the measure of thermal conductivity of the
surrounding material. The low conductivity measurements are performed in the sequence selected by earth

command.

Mode/HK.- High conductivity mode {(heat pulse) initiated by octal command 140 (ring sensor excitation -
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