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PREFACE

This Document Change (DC) is being issued for the dual purpose of accomodating

the first publication of Section 11, the Lunar Seismic Profiling Experiment (S203),
and updating previously published data. A1l of this material, both new and

revised (PCN-1), represents the Apollo Lunar Surface Experiments Package (ALSEP)
Systems for ALSEP 5 ARRAY E as of October 6, 1972 and should be incorporated

into the basic document dated August 8, 1972, according to the document change
instruction sheet which follows this page.

This document change has beeh prepared by the Flight Control Division, NASA,
Manned Spacecraft Center, Houston, Texas with technical support by LTV/Kentron
Hawaii,. Ltd.

This handbook as updated is intended for specialized use by experiment flight
controllers in real-time and near-real-time operations.

Comments concerning this document should be directed to the Lunar/Earth Experiments
Branch, Flight Control Division. Revisions will be issued as required prior to the
flight date.

This document is not to be reproduced without the written approval of the Chief,
F1ight Control Division, Manned Spacecraft Center, Houston, Texas.

Approved by:

A‘a. James E. Sau:tz 35

Chief, Lunar/Earth Exploration Branch

dgene F. Kranz
Chief, Flight Control Division
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SECTION 1
INTRODUCTORY INFORMATION

8 ABBREVIATIONS AND ACRONYMS
NOTE

Due to reduction requirements, acronyms
which would normally be in a 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 acknow] edge

A/DC analog-to-digital converter

Adc amperes dc

ADD address

AGC automatic gain control

ALHT Apollo Tunar hand tools

ALIGN alignment

ALSD Apollo lunar surface drill

ALSEP Apollo Lunar Surface Experiments Package

A/F automatic/forced

AMP amplifier

AMPS amperes

ANT antenna

App approximate, approximately

ARM armed

ASC ascent

ASI Apolio standard initiator

AUTO automatic

AZ azimuth

B1 bottom location of structure temperature

BAS base

BER bit error rate

BPS bits per second

€ centigrade

CAL calibrate

CALC calculated

CB circuit breaker

CBL cable

CCGE/A

CCGE/D } analog and digital ID readout from CCGE

cCIG Cold Cathode Ion Gage (instrument portion of CCGE)

CCwW counterclockwise

CH channel

CH change

CLD cold

CMD command

CNT count

CNTS counts

CNTR counter

COMM communications

CONV converter



GRS
€S
CTL
CUR
CVR
CVR/S
Cv
W

db
dbm
dc
DDP
DEC
DECR
DEF
DEG
DESC
DET
DiG
DIR
DIR/V
DISSIP
DLAY
o/p
DPLY
DRT
DsS
DSS/A
DSS/D
DSS/PROC

EGFU
ENBL
ENGR
EPS
eV
EXP
EXT

F

F
FET
FILT
FLD
FREQ
FTT
FWD

GDT
GEO
GLA
GMBL
GND
GT

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

digital data processor

decoder

decrease

deflection

degrees

descent

detector

digital

direction

direction and speed (used on PSE)
dissipation

delay

data processor

deploy

dome removal tool

Data Subsystem

Analog Data Processor

Digital Data Processor

Complete Data Processor (Redundant)

Electronics/Gimbal-Fiip Unit
enable

engineering

Electrical Power System
electron volts

experiment

external

fuse

Fahrenheit

field effect transistor
filter

fieid

frequency

fuel transfer tool

forward

gradient sensor delta temperatures (HFE)
geophone

Grenade Launch Assembly (a component of ASE)
gimbal

ground

gradient sensor ambient temperatures (HFE)

ALSEP 5
BASIC
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HBR high bit rate

HE high explosive (ASE grenades)

HECPA High-Energy Curved-Plate Analyzer (a component of SIDE)
HFE Heat Flow Experiment

HI high

HTR heater: On HFE there are two cases:

HTR/HK High Conductivity Heater
HTR/LK Low Conductivity Heater

HS heat sink

HY high voltage

Hz hertz

10 jdentification

IN input

INCR increase

IND indication

INHIB inhibit

INIT initiate

INST instrument

INSUL insulation

INT internal

K Kelvin

kbps kilobits per second

kc kilocycles

kHz kilohertz

kY kilovolts

LAT latitude

LBR low bit rate

LEAM Lunar Ejecta and Meteorite Experiment
LECPA Low-Energy Curved-Plate Analyzer (a component of SIDE)
LIM Timit

LM Lunar Module

LMS Lunar Mass Spectrometer Experiment
LO Tow

LONG Tongitude

L/0 local oscillator

LOS Toss of signal

LP long period (PSE sensors)

LSB least significant bit

LSD least significant data

LSG Lunar Surface Gravimeter Experiment
LSP Lunar Seismic Profiling Experiment
LvL level

mA milliampere

mAdc milliamperes dc

MAP message acceptance pulse

MAX maximum

Mc megacycle

Mcc Mission Control Center

MDE mode

MEAS measurement

MeV million electron volts

MHz megahertz

1=3
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MIN minimum

MOCR Mission Operations Control Room

MOD module

MODE operatna modes are !.fined as foliows:
For HIE

MODE/G  gradient mode
MODE/HMK  high conductivity mode
MODE/LK low conductivity mode

s millisecond

MSB most significant bit

MSD most significant data

MSP measurement sequence programer

MSFN Manned Space Flight fletwork

TR motor; on PSE, the three motors are MTRX, MTRY, and MTRZ

MUX multiplaxer or amitiplex

my millivalts

mw/cm2 milliwatts per square centimeter

nA nanoamperes

N/A not applicable

NBR normal bit rate

NEG negative

NORM narmal

NRZC Non-Return to Zero Type C (Change)

oPgpP operate

0/s offset

0sC oscillator

o/T one-time

ouT output

A power amnlifier

nA picoanoeres

PCM pulse code modulation

FCT percent

PCU Power Conditicnine Unit

PDM Power Dissipation Module

POR power dissipation resistor

PpU Pawer Distribution Unit

PET package elapsed time

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

PKG package

PL plane

PLT plate

PM phase modulation

PoS positive

POSH position

PRE/LIM  prelimiting
PRE/REG  preregulator (a component of the SIDE power supply)

PRI primary; on ALSEP used as follows:
PRI/ST primary structure

p/S power supply

PUR power

R resistor (used as Rl and R2)

PCVD received



RCVR
ROT
REF
REG
REV
RF
RLY
R/S
RST
RT
RT
RTC
RTE
RTG

SCI
SEC
SEL
SEQ

SEQ
SIG
SLA
SNSR
SP
SPST
STA
STBY
S/S
S/T
SYNC

TEMP
THERM
™

UHT
UsB

V

Vag
Vdc
VCo
V/FILT
VWE

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
real-time event
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
signal
Spacecraft Lunar Module Adapter
sensor
short period (PSE sensor)
single pole single throw
status
standby
samples per second, signal strength
structural/thermal
synchronization
switch
supply
system

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

time delay
temperature
thermal
telemetry

Universal Handling Tool
unified S-band

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

volts ac

volts dc

voltage controlled oscillator
Velocity Filter, a component of SIDE
verification word enable

ALSEP 5
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W watts

W1, W2, W3 wall locations of structure temperature sensors

XMTR transmitter

XTAL crystal

XYZ axes of LSM, where XYO indicates
XY0 )\ X, or Y, or neither

é phase

1-6
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1.2 DRAWING SYMBOL STANDARDS

1.2.1 GENERAL DRAWING INFORMATION 2. ELECTRICAL, CROSSOVER

A. ZONE REFERENCE {

i iCA A ’
HORIZONTAL COORD'NATE—\A21/—VERT.C L COORDINATE ’

KXX ~_ WHEN THIS NUMBER
APPEARS, IT REFERS
TO ANOTHER DWG.
WHEN THERE (S NO C. DIRECTIONAL FLOW ARROWS
NUMBER, THE ZONE
REFERS TO ANOTHER
AREA ON THE SANE — — —
DWG.

B. POWER INTRA-DRAWING ZONE REFERENCE

D. COMPONENT ENCLOSURES ‘TYPICAL}
TO POWER
LOAD

XXXXXX ~———#—TITLE

FROM POWER (DIRECTORY TYPE;
SOURCE '\[\O_ |

S—

C. SYSTEM INTERCONNECT g*

—0

D. DRAWING NOTE REFERENCE 1. MAIN ENCLOSURE eSS
1/16-INCH SOLID BLACK LINE

2. SUB ENCLOSURE —_—
[> 1/ 32-INCH SOLID BLACK LINE

3. COMPONENT ENCLOSURE WITH CREW (MANUAL CONTROL)s s wm
1/16-INCH DASHED BLACK LINE

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

EXPERIMENT § ALSEP

a1
1.2.2 LINE LEGEND B

A. RF CABLE E. MECHANICAL LINKAGE

F. TIMING PULSES

B. ELECTRICAL LINE, POWER AND CONTROL SOURCE {—< HZ >—'= — —— - —

G. TWO-UNIT INTERFACE
1. ELECTRICAL, CONNECTED

| <C<—>>
<S>




1.2.3 TELEMETRY SYMBOLS
A, MEASUREMENTS TELEMETERED

MEASUREMENT NUMBER
MEASUREMENT NAME

PARAMETER RANGE
CHANNEL OR NOTE
NOT USED IN ALSEP

B. METERS

ACTUAL

ART WORK

C. SINGLE SOURCE SENSOR

(POWER) ouTPUT
T = TEMPERATURE
| = CURRENT
E = VOLTAGE
D. COMMANDS
’@4—- COMMAND NUMBER

1.2.4 ELECTRICAL SYMBOLS C. RELAYS

1. MOMENTARY CONTACTS

_O/:—

A. SWITCHES

1. MOMENTARY CONTACT

DY oo

- 2. LATCHING CONTACTS
2. LATCHING CONTACT [
I
-— 3. NON-LATCHING RELAY
SHOWN IN DE-ENERGIZED
POSITION

3. SOLID PUSHBUTTON —O/‘)___
| e

(PUSH TO OPEN)

|
— oo —cy\/.—
| A———
Y NOMENCLATURE
— e lo—— LOGIC NO.

— 9
4. LATCHING RELAY

MA — A

B o

*——

[
* NOMENCLATURE
LOGIC NO.

B. FUSES

ALSEP 5

BASIC
D. RELAY OR SOLENOID DRIVER
POWER >—\
RD
SIGNAL >——10R
« SD *
PWR |
|
|
E. BUSES A
1. SYMBOL (LENGTH MAY VARY)
BUS FEED  BUS OUTPUT NEG BUS

2. DESIGNATION

Vi

F. GROUNDS

1. SYSTEM

R

2. FLOATING OR CONTROLLED

éXXX*— NAME

G. TRANSFORMERS

o CORE

H e  POLARITYDOTS
3 g INDICATE OUT
e OF PHASE
= e POLARITYDOTS
3 g INDICATE IN
PHASE

_H,_

H. CAPACITOR

1. DIGITAL INVERTER

_D_

J. GATES
1. AND

e

2. NAND




3. OR

4. NOR

K. TIME DELAY

L. ELECTRICAL FILTER

[EiLTeR L
FILTER

M. MODULATOR

N. DEMODULATOR

0. TRANSISTORS
1. NPN

NOTE: WHEN SHOWN, HS DENOTES
HEAT SINK MOUNTED.

2. PNP

<

3. UNIJUNCTION TRANSISTOR (UJT)

uJT

P. NON-AMPLIFYING DEVICE,
IDENTIFIED

XXX

Q. DIODES

1. GENERAL

'

2. ZENER

%

3. CONTROL RECTIFIER

?

R. POTENTIOMETER

&%

S . HEATER

=

XXX WATTS
T. FIXED RESISTOR

XXX RATING
—ANN——

U. THERMISTOR

V. THERMOSTAT

__/X/_

RANGE XXX

1-9
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W. ANTENNA

NAME
‘TYPE OR FUNCTION?

Y

X. PHOTOELECTRIC CELL

—GD)—

Y. AMPLIFIER
PWR
INPUT
INPUT
INVERTED ouT
=) HTRUT

>

DC, PRE-, OR BUFFER AMPLIFIER
AS INDICATED

Z. CIRCUIT BREAKERS

1. AUTOMATIC

2. TWO-POLE, DOUBLE-THROW,
AUTOMATIC

?O

L~

1.2.5 PYROTECHNIC SYMBOLS

A. EXPLOSIVE INITIATOR
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2.6

SPECIAL ALSEP SYMBOLS
A. ASTRO SWITCHES
1. ASTRONAUT SWITCH 1

ALSEP 5
BASIC

—— . ———— -

r
] { RTG LINE (+
RTG(t: 1 x ¥
1 J: I Pcu 2 SCLECT RELAY DRIVER
1 ]
1 I
I 1 CW ROTATION OPENS RTG
1 LINE AND SIMULTAMNEQUSLY
I 180° I APPLIES, POWER TO PCU 2
1 SELECT RELAY DRIVER CAUSING
1 1 TRANSFER TG FCU 2. CCW
1 1 ROTATION CLOSES RTG LINE,
i 1 TIUS APPLYING POWER TO
1 PCU 2. SHOWN IN THE
I SPRING-LOADED CCW POSITION.
1
1
I ASTRO SWITCH 1 ]
2. ASTRONAUT SWITCH 2
e —————————
1 1
+29vDc 1 1
1 ‘0,: ] PWRLINE TO LSP
I [ T
] 1
ASTRONAUT ROTATE
| 1 0 0 S cw
1 150° ] TO ENABLE LSP +29VDC
i 1 OPERATIONAL POWER LINE
I i AND CCW TO INHIBIT LSP.
i 1 SHOWN IN CCW POSITION .
1 1
1 1
1 1
1 1
i ASTRO SWITCH 2 1
| I — |
B. HEAT FLOW EXPERIMENT PROBE SECTION
THERMOCOUPLE =
COMMON
2 HEATER POWER INPUT

GRADIENT SENSOR BRIDGE EXCITATION VOLTAGE
RING SENSOR BRIDGE EXCITATION VOLTAGE

GRADIENT SENSOR
RING SENSOR

GRADIENT SENSOR BRIDGE OUTPUT VOLTAGE

RING SENSOR BRIDGE OUTPUT VOLTAGE

o HEATER
HEATER POWER INPUT

HEATER POWER RETURN
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GENERAL DESCRIPTION

ALSEP DESCRIPTION
The qui]o Lunar. Surface Experiments Package (ALSEP 5) Array E
system, consists of five scientific instruments to be placed on

~the moon's surface by the Apollo 17 flight crew. The instruments

have been designed to remain on the moon to collect and transmit
data continuously fof‘two years. The design goal for ALSEP 5 is
five years. ‘ '

For self-sufficient operations, the ALSEP § package ihc]udes a
nuclear power supply, mechanical support, thermaizp?otettidn,

and data handling equipment. These supportihg'Subsystems provide
a central station containing the electrical power, command,

‘£e1emetry, and structural/thermal subsystems. The central

station operates the following experiment subsystems; lunar

" surface gravimeter, Tunar mass spectrometer, lunar seismic
profiling, lunar ejecta and meteorites, and heat flow.

With the exception of heat flow, the only experiment flown

- previous to Abo]]o 17, ALSEP 5 experiments represent the second
- generation of lunar scientific measurement.
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Fwd
‘\
] LM [}
] centerline '
b ] '
Fuel cask l )
location P4
,/
% Fwd ) Compartment Compartment (
no, 1 no, 2
(=] \ Aft
LM scientific
equipment bay
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Figure 3-1 .- Array E shorting plug.
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SECTION 4
ELECTRICAL POWER SUBSYSTEM

- SYSTEM DESCRIPTION

The electrical power subsystem provides the electrical power for
Tunar surface operation of the ALSEP. Primary electrical power
is developed by thermoelectric action with thermal energy sup-
plied by a radioisotope source. The primary power is converted,
regulated, and filtered to provide the four operating voltages
for the ALSEP experiment and support subsystems.

The components are a radioisotope thermoelectric generator
assembly, a fuel capsule assembly, two power conditioning
units, and two power distribution units.

Radioisotope Thermoelectric Generator (RTG)

A. RTG commands - No command capability

B. RTG telemetry - Six temperatures (refer to Drawing 4.1), and
one output voltage, which is supplied to the operating PCU
(refer to Tables 6-VII and 6-VIII)

C. Output - 68 watts, nominal (refer to Figure 4-1)

Power Conditioning Unit (PCU)

The PCU performs five major functions:
A. Voltage conversion
Voltage regulation

B

C. RTG protection

D. Central station temperature protection
E

Ripple~off signal

Each power conditioner consists of a dc-to-dc power converter
(inverter and rectifiers), which converts the RTG 16-volt input
to the four operating voltages. A shunt current regulator in

4-1
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conjunction with the APM maintains the input voltage within
approximately #1 percent by maintaining a constant Toad on the
RTG. : P-1

The +16 volts from the RTG is applied through the switching
circuit to the selected PCU, 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 voltage
outputs from the filters are the four operating voltages applied
to the data subsystem and experiments.

PCU performance is assessed by feedback of the +5, +12, and | P-1
-12-volt outputs applied to the power output monitor. A +12 volt

over or under voltage condition or the loss of +5 or -12-volt

signals will cause an automatic switchover to the redundant PCU.

The 29-volt output is not monitored by the power output monitor.

4.1.2.1 Voltage regulator/automatic power management (VR/APM).- The volt-
age regulator is a shunt type and regulates the PCU output voltage.

The voltage regulator's resistive load (3.3 ohms) is inside the | P-1
central station and it dissipates (65 watts maximum) power to
regulate the central station temperature. '

The APM will turn on and dump power into space through a 30-watt

dump resistor located in the Power Dissipation Module when all

three of the following requirements are met:

A. The APM is commanded ON.

B. There is sufficient power through the voltage regulator to
maintain regulation.

C. The temperature of the APM is greater than 80° F.

4-4
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There is a hysterisis in the temperature control so that once
the APM is turned on it will not shqt off until the temperature
is below 60° F.

The VR/APM also generates: the ripple-off logic signai. The ripple-

off signal is a Togic "1" where there is sufficient reserve power
to operate the experiments and Togic "O" when an overload occurs

and thé reserve power falls below 0.8 watts. The ripple-off logic
signal is input to the command sequencer.

If the overload exists for 121 ms, then the ripple-off circuitry
in the command sequencer begins to issue PDR OFF and experiment
STANDBY commands in 8 ms intervals. The experiments cannot be
switched from OFF to STANDBY; if the experiments are OFF, then
they remain OFF.

The ripple-off sequence is as follows:

A. PDR 1 - E. HFE
B. PDR 2 F. LSG
C. LMS G. LSP
D. LEAM

NOTE

The LMS power delta is too small to affect
the turn-off sequence; hence, if LMS ripples
then the LEAM will also ripple-off (8 ms Tater).

Power Distribution Unit (PDU)
The PDU distributes power to experiment and central station sub-

systems and provides circuit overload protection and power switching

of selected circuits.

4-5
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In the electrical system of ALSEP 5 there is no cross-strapping
except at the common input from the RTG. Although only one PCU/
PDU combination will be in use at any one time, the setting of
relays by ground commands will be tracked in the redundant PCU/PDU.
Therefore, the system configuration is maintained in the event of
switchover to the redundant PCU/PDU.

Temperature sensor circuit.- Operational amplifiers are used to

amplify the outputs for the RTG hot and cold junction temperatures.

The temperature sensors located on the RTG are platinum wire sensors

(see Drawing 4.1). 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, multilayer bag insulation temper-
atures, and sunshield temperatures. The circuit is a simple
divider consisting 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° to +300° F.

(Refer to Section 3 for sensor Tocations.)

Thermistor sensors are provided to monitor temperatures within
the central station and subsystems. The sensor ranges are between
-50° and +200° F (See 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 notential, thus actuating relay
drivers and their associated relays.

A. Experiments
Three transistorized relay drivers, magnetic latching relays,

and one magnetic Tatching relay acting as an overload sensor
(circuit breaker) perform the control and circuit protection .

4-6
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function for each experiment. The experiment standby power
line is fused at 1 A. Three command inputs are provided for
each experiment power control circuit.

1. Experiment operate select - Experiment ON

2. Experiment standby select - Experiment STBY

3. Experiment off select - Experiment OFF

The three command inputs operate one or both of the two

power switching relays. One relay provides selection of
either standby or operate power. The other interrupts the
standby power line. The experiment ON command provides +29
volts through the current sensing coil of the circuit breaker
relay to the experiment electronics. The experiment STANDBY
command transfers relay number 1 to the position that

removes +29 volts from the operate line and applies +29 volts
through the standby power line to the experiment electronics.
The experiment OFF command transfers relay number 1 to the
experiment STANDBY pbsition and relay number_2 to the position
that opens the standby power 1ine to the experiment elec-
tronics. An experiment cannot be commanded from OFF to
STANDBY without being commanded ON.

Should an overcurrent condition (560 mA circuit breaker) | P-1
exist through the sensing coil in series with the experiment
operate power line, the contacts of the sensing relay break

the standby select command Tine and apply a ground signal to

the experiment standby relay driver. This relay driver
operates the power selected relay (number 1) to the standby

power position. The operation of this relay provides power

to the reset coil of the circuit breaker relay thereby reset-

ting its contacts to permit normal experiment command inputs.

There are reddndant circuits in each PDU for experiment
power control.

4-8
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Transmitters

Transmitter power control and overload protection uses two
power control relays, three circuit breakers, and associated
relay drivers. Four commands are required:

1. Transmitter A ON (CMD 012)

2. Transmitter A OFF (CMD 013)

3. Transmitter B ON (CMD 015)

4. Transmitter B OFF (CMD 014)

Transmitters A and B can be independently commanded using the
power control relays Kl and K2 to either the ON or OFF con-
figuration. Commanding one transmitter ON does not turn

the other one OFF. The XMTR A ON command switches +29-volt
power to transmitter A. The XMTR B ON command switches

+29 volts to transmitter B as well as +12 volts-power to the
diplexer switch. An overcurrent condition powered trans-
mitter causes power to be removed from that transmitter.

It is possible to have both transmitters commanded ON or
OFF simultaneously. In the event that both transmitters

are switched ON simultaneously, the RF power output of
transmitter A is routed to a dummy load. Since there are

no heaters in the transmitters in- Array E, both transmitters
can be switched OFF as a contingency mode for conserving
power.

There are redundant circuits in each PDU for Transmitter power
control.,

Digital Data Processors (DDP)

The digital data processor power control is switched by one
standard magnetic latching relay. Only the +5 V power is
switched from one DDP to the other. Either DDP A (CMD 034)

or DDP B (CMD 035) can be selected. Commanding one ON turns

the other OFF. An overcurrent (270 mA) by one DDP trips a |p-]

4-9.
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circuit breaker which causes switchover to the redundant
unit and this resets the circuit breaker.

There are redundant circuits in each PDU for DDP power
control.

UPLINK or ADP Relay Module

The power control for the UPLINK switches +12 V, + 5 V, and
-12 V-power from one system to the other. Either output A
(Receiver A, Decoder A) or output B (Receiver B, Decoder B)
can be selected. The power control for the ADP X or ADP Y
is identical to that for the UPLINK. Therefore, the UPLINK
switching will only be discussed herein. There is only one
UPLINK module and one ADP module in the system.

Three power control relays (K1, K2, and K4), two relay drivers,
and six circuit breaker circuits provide switching of +12 V,

+5 V, and -12 V for the two systems. The selection of one
output removes the power from the other.

An overcurrent on any one of the power outputs will cause
power to be switched to the other system. The circuit
breakers are reset when the system is selected again.

Due to the redundant paths for +12 V and -12 V-power provided
within the module, the power is supplied to the selected out-
puts regardless of which PCU is in operation.

The +5 V supply from each PCU is not bussed as are the +12 V
and -12 V supplies (Reference Dwg 4.2). The power control
relay for +5 V, K3, is controlled by two relay drivers that
are actuated by the following commands:

1. CMD 110 - Primary power routing (W routing)

2. CMD 107 - Backup power routing (X routing)
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The selection of the W power routing (CMD 110) supplies +5 V
to KI if PCU 1 is in use or to K4 if PCU 2 is in use. The
selection of the X power routing (CMD 107) supplies +5 V to
K4 if PCU 1 is in use or to K1 if PCU 2 is in use.

Power Dissipation Module (PDM)

In the PDM there are two power dump resistors (PDR's)
of 7 watts and 14 watts respectively. The PDR power
control uses four power control relays and four

relay drivers. There is no overload protection. Four
commands are required:

1. PDR 1 ON (CMD 017) .

2. PDR 1 OFF (CMD 021)

3. PDR 2 ON (CMD 022)

4. PDR 2 OFF (CMD 023)

Either PDR can be commanded ON or OFF independently of the
other. PDR 1 is a 7-watt heater that is controlled by applying
+29 volts using relays Kl and K2 operating in series. PDR 2

is a 14-watt heater that is controlled by power control relays
K3 and K4 operating in series. When reserve power is critical
POR 1 and PDR 2 are the first two modules to be commanded off
by the ripple-off circuitry. There is only one control

module for the power dump resistors.
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TABLE 4-1.- PCU OVER AND UNDER VOLTAGE

[The over and under voltage circuit samples the +12, -12,
and +5 volt outputs of the PCU's and initiates PCU switch-
over when the voltages vary outside the following 1imits.]

BUS SENSING VOLTAGE TIME
CIRCUIT LEVEL DELAY
Over Voltage +13.2 % 0.25 ¥ 5 ms
+12 V
Under Voltage +10.8 * 0.25 V | 300 * 50 ms
Over Voltage ~-4.7 V 300 * 50 ms
-12 v
+5 V
Under Voltage | +0.9 V 300 * 50 ms
NOTE

The PCU voltages are sampled as outputs
of the Transformers/Rectifiers and be-
fore being input to the Output Filters.

TABLE 4-11.- POWER CALCULATIONS

T™ symbol Resultant (Watts)
AE-3) (AE-4)
AE-23)(AE-4)
AE-3) (DA-8)
AE-23)(DA-8)

)
)

PCU 1 input power

PCU 2 input power
PCU 1 reserve power

PCU 2 reserve power

AE-21)2x 8.20 ohms
AE-22)%x 8.2 ohms

APM 1 dump power

o~

APM 2 dump power

4-12
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TABLE 4-1II.- PCU RELAY INITIAL CONDITIONS

[Initial condition is defined as the relay positions

at time of activation on the lunar surface]

RELAY FUNCTION MONITOR INITIAL CONDITION
K-01 PCU select AE-3 PCU 1 selected
K-02 PCU auto switchover | AB-16 |PCU 1 auto sw sel
K-01, K-02 PDR 1 select AB-14 | PDR 1 off
K-03, K-04 PDR 2 select AB-14 | PDR 2 off
K-01, K-02, K-04| ADP select AB-17 | ADP X select
K-03 Power routing AB-17 Pkimary pwr routing
_ (W routing)
K-01 DDP select AB-10 | DDP X select
K-02 Xmtr A select AE-17 [ Xmtr A on
K-01 Xmtr B select AE-18 | Xmtr B off
K-01, K-02 LMS power control AB-4 LMS off
K-01, K-02 LEAM power control AB-4 LEAM off
K-01, K-02 HFE power control AB-5 HFE off
K-01, K-02 LSG power control AB-5 | LSG off
K-01, k-02 | LSP power control | AB-11 |LSP standby”

*
Standby power is not connected to LSP.
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BREAKER AND FUSE TABULATION

— -
CURRENT TRIP ; .
WUFIBER RATING EXPECTED | CUPRENT SUBSYSTEM CIRCUIT EFFECT
CB8-01 510 - 630 mA 560 mA 605 mA LS operate +29 YDC | LMS instrument overload causes CB to place LMS in standby.
CB is self-resetting. v
CB-01 510 - 630 mA 560 mA 606 mA LEAM operate +23 VDC | LEAM instrument overload causes CB to place LEAM in stand-
by. CB is self-resetting.
CB-01 510 - 630 mA 560 mA 606 mA HFE operate +29 VDC | HFE instrument overload causes CB to place HFE in standby.
CB is self-resetting.
CB-01 510 - 630 mA 560 mA 606 mA LSG operate +29 VDC | LSG instrument overload causes CB to place LSG in standby.
CB is self-resetting.
CB-01 510 - 630 mA 560 mA 606 mA LSP operate +29 VDC | LSP instrument overload causes CB to place LSP in standby.
CB is self-resetting.
CB-04 300 - 360 mA 58 mA 350 mA Receiver A, +12 VDC | Receiver A or Command Decoder A overload causes CB to
Command De- switch power to Uplink B. CB is reset when Uplink A is
coder A selected. 5
CB-01 300 - 360 mA 58 mA 350 mA Receiver 8, +12 VDC | Receiver B or Command Decoder B overload causes (B to
Command De- switch power to Uplink A. CB is reset when Uplink B is
coder B selected.
CB-05 300 - 360 mA 78 mA 350 mA Command +5 VDC | Command Decoder A overload causes CB to switch power
Decoder A to Uplink B. CB is reset when Uplink A is selected.
CB-06 135 - 165 mA 4 mA 150 mA Command -12 ¥DC | Command Decoder A overload causes CB to switch power to
Decoder A Uplink B. CB is reset when Uplink A is selected.
CB-02 300 - 360 mA 78 mA 350 mA Command +5 YDC | Comnand Decoder B overload causes CB to switch power to
Decoder B Uplink A. CB is reset when Uplink B is selected.
CB-03 135 - 165 mA 4 mA 150 mA Command -12 ¥DC | Command Decoder B overload causes CB to switch power to
Decoder B Uolink A. CB is reset when Uplink B is selected.
CB-02 240 - 300 mA 150 mA 270 mA Digital Data +5 VDC | DDP X overload causes CB to switch power to DDP Y. CB is .
Processor X self-resetting.
CB-01 240 - 300 mA 150 mA 270 mA Digital Data +5 VYDC | DDP Y overload causes CB to switch power to DDP X. Cs is
Processor Y self-resetting.
CB-01 135 - 165 mA 13 mA 150 mA ADP Y +12 VDC | AOP Y overload causes CB to switch power to ADP X. CB is
reset when ADP Y is selected.
CB-02 300 - 360 mA 65 mA 350 mA ADP Y +5 YDC | ADP Y overload causes CB to switch power to ADP X. (B is
reset when ADP Y is selected.
CB-03 135 - 165 mA 33 mA 150 mA ADP Y -12 ¥DC | ADP Y overload causes CB to switch power to ADP X. CB is
reset when ADP Y is selected.
C8-04 135 - 165 mA 13 mA 150 mA ADP X +12 VDC | ADP X overload causes CB to switch power to ADP Y. CB is
reset when ADP X is selected.
CB-05 300 - 360 mA 65 mA 350 mA ADP X +5 VDC | ADP X overload causes CB to switch power to ADP Y. (B is
reset when ADP X is selected.
CB-06 135 - 165 mA 33 mA 150 mA ADP X -12 VDC | ADP X overload causes CB to switch power to ADP Y. CB is
reset when ADP X is selected.
CB-01 630 - 750 mA 300 mA 760 mA Transmitter B | +29 VDC | Transmitter B overload causes CB to remove power from
J Transmitter B. CB is self-resetting.
CB-02 135 - 165 mA 10 mA 150 mA Transmitter B | +12 VDC | Diplexer overload causes CB to remove power from Trans-
(Diplexer SW) mitter B. CB is self-resetting.
CB-03 630 - 750 mA 300 mA 760 mA Transmitter A | +29 VDC | Transmitter A overload causes CB to remove power from
Transmitter A. CB is self-resetting.
—A
F-01 TA 545 mA 1A LMS Standby +29 VDC | A blown F-01 will permanently disable the LMS STBY capability.
F-01 1A 545 mA 1A LEAM Standby +29 VDC | A blown F-01 will permanently disable the LEAM STBY capability.
F-01 1A 545 mA 1A HFE Standby +29 VDC | A blown F-01 will permanently disable the HFE STBY capability.
F-01 1A 545 mA 1A LSG Standby +29 VDC | A blown F-01 will permanently disable the LSG STBY capability.
F-01 1A 321 mA 1A POR 1 +29 VDC | A blown F-01 will disconnect the 7-watt dump resistor.
F-02 2 A 641 mA 2 A PDR 2 +29 VDC | A blown F-02 will disconnect the 14-watt dump resistor.

P-1



TABLE 4-V.- VOLTAGE DISTRIBUTION AND BUS LOAD ANALYSIS

CIRCUIT |

VOLTAGE BUS WATTS PROTECTION
+29 VDC | LMS ON 11.0 CB-01, 510 - 630 mA
LMS STBY 7.5 F-01, 1 AMP
LEAM ON 6.6 CB-01, 510 - 630 mA
LEAM STBY 5.0 F-01, 1 AMP
HFE ON 10.7 CB-01, 510 - 630 mA
HFE STBY 4.2 F-01, 1 AMP
LSG ON 8.75 CB-01, 510 - 630 mA
LSG STBY 4.3 F-01, 1 AMP
LSP ON 6.97 CB-01, 510 - 630 mA
XMTR A 8.90 CB-03, 630 - 750 mA
XMTR B 8.74 CB-01, 630 - 750 mA
PDR 1 7.0 F-01, 1 AMP
PDR 2 14.0 F-02, 2 AMP
PCU SEE GRAPH
PDU VARIABLE
+12 VDC | CMD DEC A OR B 0.05 CB-01 and CB-04,
300 - 360 mA
DIPLEXER SW 0.10 B-02, 135 - 165 mA
ADP X OR Y 0.73 CB-01 and CB-04,
135 - 165 mA
PCU SEE GRAPH
RECEIVER A 0.72 CB-04, 300 - 360 mA
RECEIVER B 0.76 CB-01, 300 - 360 mA
TEMP SENSORS NEGLIGIBLE] NONE
+5 VDC CMD DEC A OR B 0.56 CB-02 and CB-05,
300 - 360 mA
ADP X OR Y 0.23 CB-02 and CB-05,
300 - 360 mA
DDP X OR Y 0.57 CB-01 and CB-02
240 - 300 mA
PCU SEE GRAPH
PDU 0.08
RELAY DRIVERS NEGLIGIBLE| NONE
-12 VDC | CMD DEC A OR B 0.06 CB-03 and CB-06,
135 - 165 mA
ADP X OR Y 0.42 CB-03 and CB-06,
. 135 - 165 mA
PCU ! SEE GRAPH

ALSEP 5
BASIC/PCN-T
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TABLE 4-VI.- COMMANDS CAUSING DELTA POWER DEMANDS

Tabulation of AP caused by command execution
assuming the following conditions exist:

Transmitter A
Transmitter B
PDR 1

PDR 2

LMS

LEAM

HFE

LSG

LSP

APM

The ALSEP subsystems will demand electrical
power from the PCU in the following amounts:
POWER (WATTS)

Receiver A or B
Cmd Dec A or B

ADP X or Y

DDP X or Y

PDU

Harness Losses

PCU Losses

Total

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

DAY NIGHT
0.90 0.90
0.65 0.65
0.86 0.86
1.36 1.36
175 2450
0.30 0.35
5.73 7.54
11.55  14.16

ALSEP 5
BASIC



ALSEP 5

BASIC

TABLE 4-VI.- COMMANDS CAUSING DELTA POWER DEMANDS - Concluded

The 14.16 watts represents the minimum loading on the PCU.

Add the delta power of any of the following commands to obtain

total loading.

COMMAND

012
015
017
022
036
037
042
043
045
046
052
053
055

XMTR A ON
XMTR B ON
PDR T ON
PDR 2 ON
LMS ON
LMS STBY
LEAM ON
LEAM STBY
HFE ON
HFE STBY
LSG ON
LSG STBY
LSP ON

PCU conversion losses increase with Toading.

DELTA POWER (WATTS)

DAY

1. Includes 1.5 watt backup heater.

9.00
9.10
7.00
4.00
0.01
7.50
3
5
3
4
2
4
5

16

.00
.90
.20
.75
.30
- 30

2

NIGHT

9

7

11

6

g B 00O &~ O O»

.00
9.
.00
14.

10

00
1

.00
7.
.60
.00
20
.20
19
30
«30

50

2

2. LSG proportional heater accounts for A of 6 watts day to night.
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TABLE 4-VIT.- CENTRAL STATION STEADY STATE POWER DEMANDS ON EACH VOLTAGE BUS FROM THE PCU

SUBSYSTEM +29 VDC +12 VDC -12 VDC +5 VDC TOTAL NOTES

Xmtr A 8.90 W 8.90 W | CMD 012 turns Xmtr A ON. Xmtr A protection: +29 VDC, CB-03

Xmtr B 8.74 W 8.74 W | CMD 015 turns Xmtr B ON and supplies power to Diplexer. Xmtr B
protection: +29 VDC, CB-01. Diplexer protection: +12 VvDC, CB-02.

Diplexer 0.10 W 0.10 W | CMD 013 turns Xmtr A OFF.
CiD 014 turns Xmtr B OFF and Diplexer OFF.

Receiver A 0.72 W 0.72 W | ypLINK A and UPLINK B each require a maximum of 1.43 W

Recei B 0.76 W 0.76 W and are alternately selected by CMD 122 UPLINK SWITCHOVER.

REgTYEr ; . UPLINK A protection: +12 V, CB-04; +5 V, CB-05; -12 V, CB-06,

C il UPLINK B protection: +12 V, CB-01; +5 V, CB-02; -12 V, CB-03.

e 0.04 W | 0.04 W |0.5 W | 0.6 W

Decoder A

Comménd

Becoder B 0.05 W 0.06 W 0.56 W 0.67 W

ADP X 0.73 W 0.40 W 0.23 W 1.36 W CMD 024 selects ADP X. ADP X protection: +12 V, CB-0d4; +5 V,
CB-05; -12 V, CB-06. CMD 025 selects ADP Y. ADP Y protec-

ADP Y J.73 W 0.42 W 0.22 W 1.37 W | tion: +12 V, CB-01; +5 V, CB-02; -12 V, CB-03,

DDP X 0.56 W 0.56 W | CMD 034 selects DDP X. DDP X protection: +5 VDC, CB-02.

DDP Y 0.57 W 0.57 W | CMD 035 selects DDP Y. DDP Y protection: +5 VDC, CB-01.

83“21 VARIABLE 0.08 W | VARIABLE| PDU controls the distribution of power to the ALSEP subsystems.

PCU 1 . | CidD 060 turns PCU 1 ON, PCU 2 OFF. CMD 062 turns PCU 2 ON,

OR 2 B SEE GRAPH PCU 1 OFF.

PDR 1 7.0 W 7.0 W CMD 017 turns PDR 1 ON; CMD 021 turns PDR 1 OFF. PDR 1 pro-
tection: +29 vV, F-01. CMD 022 turns PDR 2 ON; CHD 023 turns

PDR 2 14.0 W 14.0 W PDR 2 OFF. PDR 2 protection: +29 V, F-02.

JISvg
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TABLE 4-VIII.- RELAY DRIVER FUNCTIONS AND INPUT VOLTAGE REQUIREMENTS

A RELAY FUNCTION | MONITOR | cmp (RELAY DRIVER TvPEX
R-01 K-07 PCU 1 SEL - AE-3 060 X
R-02 k-01 PCU 2 SEL AE-23 | 062 X
R-03 k-02 PCU T AUTO SW | AB-16 | 120 X
R-04 k-02 PCU 2 AUTO S | AB-16 | 121 X
R-05 k-01, K-02 PDR 1 ON -6 | 017 | X
R-06 k-01, K-02 PDR 1 OFF aB-14 | 021 X
R-07 K-03, K-04 PDR 2 ON AB-14 022 X
R-08 k-03, K-04 POR 2 OFF AB-14 | 023 | x
R-09 | K-01, K-02, K-04 | ADP ¥ SEL aB-17 | 028 | X
R-10 | K-01, K-02, K-04 | ADP v SEL aB-17 | 025 | X
R-11 k-03 PRIM PWR ROUT | AB-17 | 110 | X
R-12 k-03 BKUP PWR ROUT | AB-17 | 107 | X
R-13 K-01 DOP X SEL AB-10 | 038 | x
R-14 k-01 DOP ¥ SEL aB-10 | 035 [ X
R-15 k-02 XMTR A ON a7 | oz | x
R-16 k-02 XMTR A OFF a7 | o3 | x
R-17 k=01 XMTR B ON ae-18 | 015 | x
R-18 k-01 XMTR B OFF AE-18 | oa | x
R-19 k-01, K-02 LMS ON AB-04 | 036 | X
R-20 K-01 LMS STBY AB-04 | 037 | X
R-21 k-01, K-02 LMS OFF AB-04 | 041 X
R-22 k-01, K-02 LEAM ON AB-06 | 082 | x
R-23 k-01 LEAM STBY AB-04 | 043 | x
R-24 K-01, K-02 LEAM OFF AB-04 | 044 | X
R-25 k-01, K-02 HFE ON AB-05 | 045 | X
R-26 k-01 HFE STBY AB-05 | 046 | X
R-27 k-01, K-02 HFE OFF AB-05 | 050 | X
R-28 K-01, K-02 LSG ON aB-05 | 052 | X
R-29 k-01 LSG STBY AB-05 | 053 | X
R-30 k-01, K-02 LSG OFF AB-05 | 054 | X
R-31 K-01, K-02 LSP ON AB-11 | 055 | x
R-32 K-01 LSP STBY AB-11 | 056 | X
R-33 k-01, K-02 LSP OFF AB-11 057 | x
R-34 | K-01, K-02, K-04 | UPLINK A AB-06 | 122 | x
R-35 | K-01, K-02, K-04 | UPLINK B aB-0s | 122 | x
R-36 k-3 UPLINK PRIM | AB-06 | 110 | X

PWR ROUT A
R-37 k=03 UPLINK BKUP | AB-06 { TIMER| X
PUR ROUT

*REFER TO FIGURE 4-5 FOR SCHEMATIC OF RELAY DRIVERS
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T+5 vic BASIC
Command
Type 1
21 K relay driver
AYAYAY
681Q
56.2 K
+29 V bus
T+5 Vde
Command
Type 2
16 K 178Q relay driver
5K
+1l6V
10 K RTG output
+16V -
TRTG output
Type 3
relay driver
Command

Figure 4=5 .- Relay drivers.
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* BASIC
SECTION 5
COMMAND SUBSYSTEM
5l SYSTEM DESCRIPTIOM
The ALSEP command subsystem receives, decodes, and supplies
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 sequencer, to insure that command systems switch-over
and calibration functions are implemented in the event of an
uplink failure. ' '
The following units make up the ALSEP command subsystém:
A. S-band antenna
B. Diplexer filter
C. Power splitter
D. Command receivers A and B
E. Command decoders A and B
5.1.1 S-Band Antenna
The ALSEP antenna is a modified axial helix designed to
receive and transmit right-hand circular polarized signals
at the Apollo S-band frequency.
The antenna has no command requirements, TM measurements,
or power requirements. Antenna operating parameters are
presented in the following table:
Mode Antenna gain | Frequency | Beamwidth | Polarization
Transmit 15.2 dB S-band 27° Right-hand
Receive 14.7 dB S-band 27° Right-hand

5-1
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Diplexer Filter

The diplexer filter is used to couple the received RF from
the antenna to the power splitter and to couple the transmitted
RF from the transmitter, A or B, through the diplexer switch to

the antenna.

The diplexer filter has no command requirements, TM measurements,

or power requirements.

Power Splitter

The power splitter is a 3db coupler that routes the received
RF to receivers A and B. Only one receiver is enabled at any
one time and the output of the other receiver is inhibited.

5-2



5.1.4

5.1.4.1

ALSEP 5
BASIC/PCN-1

Command Receijver

Redundancy control is fully implemented within the receiver.
Redundancy control considers the effect of the command Tink
being off for periods of time as long as 122 hours. | P-1

No reliability degradation to the receiver occurs as a result

of the command 1ink being off for 1ong periods of time.
' P-1
Each individual receiver is capable of PM carrier detection

(Formats 1 & 2) and detection of an FM subcarrier (Format 2
only). An appropriate output amplifier provides a compdsite
audio output voltage to interface With the ALSEP command
decoder.

The receiver modulation format is selected by a jumper wire at
the component connector upon installation of the receiver in
ALSEP.

The interfacing ALSEP dip]exer provides 80 db rejection at

the L. 0. Frequency and 100 db rejection at the image frequency
(for a 60 MHz XF). The 3 db bandwidth of the diplexer receiver
channel is 24 MHz maximum.

Input Modulation.- The receiver is compat1b1é with the

following command signal formats. One thousand b/s NRZ
command data is bi-phase modulated on a 2 kHz sine wave data tone.

A 1 kHz sync tone is linearily added to the 2 kHz data tone.

The sync tone power is equal to the data tone power and the

two tones are in phase at the zero voltage cro-sing. This

is the transmitted composite autio signal.

A. Format 1 - The composite audio signal phase modulates the
2119 MHz carrier at 8] = +3.00 radians peak. The tolerance
on 8, is +10 percent and -0 percent. (Selected by hand-
wired switch.)

P-1
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5.1.4.3
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B. Format 2 - The composite audio signal frequency modulates
a 70 kHz auxiliary subcarrier at +7.5 kHz peak deviation.
The tolerance on subcarrier deviation is +10 percent. The
70 kHz signal then phase modulates a 2119 MHz carrier
at 8, = #1.85 Radians peak +10 percent. (Locked out

) \ P-1
by handwired switch.)
Demodulation.- The receiver demodulates Format 1 or Format 2
to provide a composite audio output of the 2 kHz sinewave data
tone and the 1 kHz sync tone. The receiver does not respond
to Format 1 if Format 2 is selected and vice-versa.
Receiver characteristics are as follows:
Ihput Frequency 2119 MHz #0.001 percent
Dynamic Range -100 to -60 dbm
Power Requirements 0.9 watts |P-1
Input Impedance ~ 50 ohms at center frequency
Output Voltage "~ 5 volts #20 percent P-P
IF Frequency 60 MHz
TM Parameters 5 (p_]
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Command Decoder

The command decoder consists of a redundant demodulator section,
a redundant digital decoder section, and a non-redundant command

sequencer.

A. The command decoder contains two identical channels, each
of which forms a link in the redundant uplink chains. When
one uplink channel is in operation, the other is unpowered
in standby. Each channel performs the following functions:

la

Provides an output command on the appropriate line in
accordance with command information from the associated
command receiver.

Stores and delivers on demand a command verification
message, consisting of the command and a bit which
indicates whether or not parity is checked.

Processes a sequencer which causes periodic uplink
switchover. Processing circuitry within the command
decoder is independent of that used for automatic
switchover, insofar as is possible. Each channel also

processes the command which delays automatic switchover.

B. The non-redundant sequencer output of the command decoder

performs the following functions:

s

Automatically generates a repeated sequence of commands
to recalibrate experiment data sensors on a periodic
basis. ‘

Autbmatica]]y generates a command which will cause a

switchover of uplink chains, if "DELAY UPLINK SWITCHOVER"

has not been processed since the last automatic switchover

command was generated.
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3. Provides power dump and experiment ripple-off commands.

C. Command decoder power requirements are presented in the
following table:

Vo]fage Watts
Bus Nominal | mAdc Comments

+12 Vdc 5% 0.050 4.2 | Redundant circuits
+12 Vdc +10% 0.005 0.4 | Non-redundant circuits
-12 Vdc +10% 0.100 8.3 | Redundant and non-redundant circuits

+5 +10% 0.950 190 | Redundant and non-redundant circuits
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5.1.5.1 Demodulator section.- The demodulator section accepts the

composite audio subcarrier from its command receiver. The
composite audio subcarrier is the linear sum of the data and
sync subcarriers, where the 2-kHz data subcarrier is modulated
by a 1000 bit-per-second data stream and the sync signal is

a 1-kHz subcarrier.

The 1-kHz 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 2-kHz sub-
carrier with a 2-kHz synchronized signal produced by the VCO,
which is phase-locked by the 1-kHz subcarrier signal.

5.1.5.2 Digital decoder section.-

A. Redundant digital decoder

A redundant digital decoder section is provided. The
digital decoders are identical and have identical decoder
addresses. A command can be executed by either decoder by
powering the desired command system. The decoder addresses
for ALSEP 5 are the following:

1. ALSEP 5 system A 1101001 (octal 151)

2. ALSEP 5 system B 1101001 (octal 151)

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

The ALSEP command structure consists of 21 bits:
1101001 1000100 0111011
7 bits 7 bits MSB7 bits
Decoder address  Command complement  Command

LSB

A bit-by-bit comparison is made between the command com-
plement and the command for error protection. A minimum

of 20 bits must precede the command to insure phase lock, and
a minimum of 20 bits follow the command to allow for

command execution.
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Upon receipt of a command, a command verification word is
inserted in Word 7 of the TM downlink. The command
verification word consists of ten 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.

XX 0111011 1
MSB 7 bits ~ LSB
2 bits Command received 1 bit
Filler bits Parity
Parity Bit "1": Command and command complement compared,

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

Normal Decoder Operation
The control Togic consists of an 8-bit shift register,

two counters, and reset circuitry. The shift register
has the demodulated split-phase data stream from the
ground station passing through it at the uplink data rate
of 1 kHz. A gate constantly samples the first seven bits
of the shift register for the address of the ALSEP.

Once the address is recognized, a timing sequence is ini-
tiated. The first counter produces one pulse output for
every seven clock pulses input (divide by 7). This out-
put then clocks a binary counter which acts as master
control for the timing. After address recognition, the
next seven pulses shift the command complement into the
last seven bits of the shift register.

The binary counter, now in the state 001, ensures that the
next seven bits of data (the command) clocked in are checked
for parity.

5-8
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An "exclusive or" gate sensing the first and last bits of
the shift register performs a parity check on each bit of

the command complement and the corresponding bit of the
command. Bad parity will set the parity memory.

The next three states of the binary counter (21 mS) define
the command execute sequence by setting a Tatch and also
inhibit the clock pulses to the shift register by means of
another latch. At this time, the command will be present
in the last seven bits of the shift register.

The command sequence pulse is gated with the parity memory
to produce a command execute pulse, causing the command line
corresponding to the command code in the shift register to be

energized. This will only occur if the parity check was good.

After the command has been executed, a logic signal is sent
to the data processor by a timing latch, causing a data
demand signal to be sent back to the command decoder during
the interval of the next Command Verification Word (CVW) in
the downlink frame. A dual flip-flop gates out the first two
downlink shift pulses generated in the data processor, in-
serting two filler bits, and allows the next eight to shift
the contents of the shift register to the data processor.
The eight bit shifted out is set to a 1 for good parity,

and to 0 for bad parity. Of the 10 bits in the CVW recieved
by the ground station, the first two are filler bits and
identicaT to the most significant bit of the command word,
which occupies bits 3 to 9. The tenth bit is the parity
check bit, with a 1 indicating good parity and_that the
command was executed.

A master reset is completed at the end of the data demand
pulse by using the phase relation between data demand and
command word enable (a data processor generated clock) to
reset all latches to the address search mode.

5-9

!

P-1



5.1.5.3

ALSEP 5
BASIC/PCN-1

The two counters that control the timing are not reset by !
this master reset but are reset to 000 when an address
is recognized.

When the Central Station is commanded into the LSP formatting
mode, no data demands are generated by the data processor
and an alternative means of master reset must be used. A
latch is used to generate the high data rate command sent
to the data processor, and also to cause the last 1 mS of

P-1

the 21 mS command execute period to be used as a master
rest. This causes all commands to be 20 mS long while the
Central Station is operating in the LSP formatting mode.

Non-redundant command sequencer.- The command sequencer

provides command 111 "LEAM CALIBRATE HIGH/LOW", to be sent
twice (3 minutes and 34.7 seconds apart) with a cycle time

of 15 hours, 27 minutes, and 24 seconds. Command 111 is also
capable of being activated via the uplink as a discrete command.

The command sequencer provides for automatic switchover to the
unused uplink at intervals of 61 hours, 49 minutes, and 34 seconds
if the command "DELAY UPLINK SWITCHOVER", CMD 174, has not been.
executed during the current cycle. The first switchover occurs

at 7 hours, 38 minutes, and 43 seconds after power is applied.
Time intervals are doubled in the slow mode of operation (see
Figure 5-1). '

The command sequencer also provides the experiment ripple-off
circuitry. The function of the ripple-off circuitry is to
reduce the load on the power supply when required to maintain
adequate reserve power (see Figure 5-2).
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To = 0 on the clock

54 hr, O min, 55 sec =T
LEAM Cmd Il

Tl =7 hr, 38 min, 43 sec
LEAM Cmd Il

and

4

uplink switchover

T3 =38 hr, 33 min, 31 sec T2 =23 hr, 6 min, 7 sec
LEAM Cmd IlI LEAM Cmd Il

Notes: 1. The maximum clock time is 61 hr, 49 min, 35 sec.

2. Two LEAM Cmd Il are sent 3 min 35 sec apart at T, -T

1 4

Figure 5-1 .- Periodic command pulses.
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—  Counter running i
7 136 144 152 160 168 176 184 192 Counts
lllII’IL|ILL|JIIJIIL|IIILILI
\ Nt N e i
Delay 021 023 037 043 046 053 056
121 + 1 ms PDR 1 PDR 2 LMS LEAM HFE LSG LSP
N — T ——
Start NOTE: LMS power A is too small to affect sequence; hence, Inhibit
counter if LMS ripples, LEAM will also (8 ms later) counter
' (ho reset)
® |f overload exists for 121 = 1 ms, then PDR off and EXPER STBY commands are '
issued sequentially for 8 counts each until overload no longer exists.
® When overload is cleared, the counter is reset automatically and no further ripple-off
commands are issued. , '
® Note that experiments can not switch from off to standby; if they are off, they remain
off.
® [f counter runs to end, it may be a ripple-off malfunction; therefore, a lockout

feature is provided to inhibit further counter action. EXPER/PDR should be reset
by command and then issue CMD 032 to check performance.

Figure 5-2 .- Ripple-off sequence.
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COMMAND FUNCTIONS

LSP FMT ON DATA PROCESSOR
Command 003 .selects the DDP configuration that enables inputs
from the LSP to the modulator and inhibits inputs from the
digital multiplexer. When switching from DP format to LSP
format by Command 003, the resulting LSP data rate will be
normal or Tow (3533.3 bps or 1060 bps) depending on whether
the DP data rate was normal or low (1060 bps or 530 bps).
Command 003 takes effect at the end of the 64-word data frame
which is in progress at the time the command is received.
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DP FMT ON : DATA PROCESSOR
Command 005 selects the DDP configuration that inhibits inputs
from the LSP to the modulator and enables inputs from the
digital multiplexer (including data from and demands to the
other experiments). When switching to DP format by Command
005, the resulting DP data rate will be normal (1060 bps).
Command 005 takes effect at the end of the 64-word data frame

‘which is in progress at the time the command is received.

Central station activation or power reset initializes the
data processor in the DP FORMAT ON configuration.

NBR SEL DATA PROCESSOR
Command 006 selects the DDP timing configuration such that

in the DP format mode the downlink data rate is 1060 bps and
in the LSP format mode the downlink data rate is 3533.3 bps.
In either DP or LSP format, Command 006 takes effect at the
scheduled end of the 64-word data frame which is in progress
at the time the command is received. Central station acti-
vation or power reset initializes the data processor to NORMAL
BIT RATE.
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LBR SEL DATA PROCESSOR
Command 007 selects the DDP timing configuration such that
in the DP format mode the downlink data rate is 530 bps and
in the LSP format mode the downlink data rate is 1060 bps.
Command 007 takes effect at the scheduled end of the 64-word
data frame which is in progress at the time the command is
received.
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013

014

015

XMTR A ON
Command 0

~ that appl

surface i
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POWER DISTRIBUTION UNIT
12 actuates relay K2, in both PDU's to the position
ies +29Vdc to transmitter A. XMTR A ON is the lunar
nitial condition.

XMTR A OFF POWER DISTRIBUTION UNIT

Command 0
that remo

XMTR B OF
Command O
that remo
switch.

XMTR B ON
Command 0
that appl
switch.

the outpu
of XMTR A
switch.

13 actuates relay K2, in both PDU's, to the'position
ves +29 Vdc from XMTR A.

F POWER DISTRIBUTION UNIT

14 actuates relay K1, in both PDU's, to the position
ves +29 Vdc from XMTR B and +12 Vdc from the diplexer
XMTR B OFF is the Tunar surface initial condition.

POWER DISTRIBUTION UNIT
15 actuates relay K1, in both PDU's, to the position
ies +29 Vdc to XMTR B and +12 Vdc to the diplexer
If both transmitters are commanded on simultaneously,
t of XMTR B will be radiated downlink and the output
will be dissipated in dummy Toad in the diplexer

5-16
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PDR 1 ON . POWER DISTRIBUTION UNIT
Command Q17 actuates relays Kl and K3 in series to the position
that applies +29 Vdc to a 7 watt power dissipation resistor.

PDR 1 OFF POWER DISTRIBUTION UNIT
Command 021 actuates relays Kl and K3 in series to the position
that removes +29 Vdc from the 7 watt power dissipation resistor.
PDR 1 OFF is the lunar surface initial condition.

PDR 2 ON POWER DISTRIBUTION UNIT
Command 022 actuates relays K2 and K4 in series to the position
that applies +29 Vdc to a 14 watt power dissipation resistor.

PDR 2 OFF ~ POWER DISTRIBUTION UNIT
Command 023 actuates relays K2 and K4 in series to the position
that removes +29 Vdc from the 14 watt power dissipation resistor.
PDR 2 OFF is the Tunar surface initial condition.
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ADP X SEL POWER DISTRIBUTION UNIT
Command 024 actuates relays K1, K2, K& in the PDU | P-1
to the position that applies +5 Vdc, +12 Vdc, and -12Vdc
to the X unit of tha analog data processor and removes
+5 Vdc, +12 Vdc, and -12 Vdc from the Y unit. ADP X SEL
is the lunar surface initial condition.

ADP Y SEL ‘ POWER DISTRIBUTION UNIT

Command 025 actuates relays K1, K2, and K4 in the PDU to [P-1
the position that applies +5 Vdc, +12 Vdc, and -12 Vdc to

the Y unit of the analog data processor and removes +5 Vdc,

+12 Vdc, and -12 Vdc from the X unit.

NOTE

Switching ADP's in the DP format, normal or
slow data rate, results in a temporary house- P-1
keeping sync loss but no change in data rate.
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APM 1 ON POWER CONDITIONING UNIT

Command 027 actuates a flip-flop, in the PCU, to the position

that diverts RTG input power to a 30 watt, maximum power
dissipation resistor if:

A. At least 2 watts of reserve power are on PCU 1 | P-1

B. Thermal plate temperature is above the temp switch 1 value-
60° F close, 80° F open.

The application of power to PCU 1 causes initialization in the
APM 1 ON configuration.

APM 1 OFF POWER CONDITIONING UNIT
Command 031 actuates a flip-flop, in the PCU, to the position
that inhibits APM T from dissipating RTG power.

RIPPLE-OFF RESET : : COMMAND DECODER
Command 032 resets the counter in the ripple-off sequencer
thus restoring the ripple-off capability after the counter has
run to the end and locked itself out. The reset configuration

~is automatically selected at turn-on.
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DDP X SEL ' POWER DISTRIBUTION UNIT
Command 034 actuates relay K1, in both PDU's, to the position
that applies +5 Vdc to the X unit of the digital data
processor and removes the +5 Vdc from the Y unit. DDP

X SEL is the lunar surface initial condition.

DDP Y SEL POWER DISTRIBUTION UNIT
Command 035 actuates relay K1, in both PDU's, to the position
that applies +5 Vdc to the Y unit of the digital data
processor and removes the +5 Vdc from the X unit.,

NOTE

Switching DDP's in either format, DP or LSP
format, normal or low data rate, results in
Normal Data Rate in the same format.
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LMS ON POWER DISTRIBUTION UNIT
Command 036 actuates relays Kl and K2, in both PDU's, to the
position that applies +29 Vdc to the operating line of the LMS.

LMS STBY POWER DISTRIBUTION UNIT
Command 037 actuates relay K1, in both PDU's, to the position
that removes +29 Vdc operational power from the LMS if it is
in the OPERATE mode and applies +29 Vdc to the standby Tline.
In the OFF mode, Command 037 has no effect.

LMS OFF POWER DISTRIBUTION UNIT
Command 041 actuates relays Kl and K2, in both PDU's, to the
position that removes all +29 Vdc power from the LMS. LMS
OFF is the lunar surface initial condition.
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'LEAM ON POWER DISTRIBUTION UNIT

Command 042 actuates relays K1 and K2, in both PDU's, to the
position that applies +29 Vdc to the operating line of the
LEAM.

LEAM STBY POWER DISTRIBUTION UNIT
Command 043 artuates relays K1, in both PDU's, to the pbsition
that removes 29 Vdc operational power from the LEAM if it is
in the operate mode and applies +29 Vdc to the standby line.
In the OFF mode, Command 043 has no effect.

LEAM OFF  POWER DISTRIBUTION UNIT
Command 044 actuates relays K1 and K2, in both PDU's, to the
position that removes all +29 Vdc power from the LEAM. LEAM
OFF is the lunar surface initial condition.
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HFE ON POWER DISTRIBUTION UNIT
Command 045 actuates relays Kl and K2, in both PDU's, to the
position that applies +29 Vdc to the operating line of the HFE.

HFE STBY POWER DISTRIBUTION UNIT
Command 046 actuates relays Kl, in both PDU's, to the position
that removes +29 Vdc operational power from the HFE, if it is
in the operate mode and applies +29 Vdc to the standby line.
In the OFF mode, Command 046 has no effect.

HFE OFF - | POWER DISTRIBUTION UNIT
Command 050 actuates relays Kl and K2, in both PDU's, to the
position that removes all +29 Vdc power from the HFE. HFE
OFF is the Tunar surface initial condition.
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LSG ON POWER DISTRIBUTION UNIT
Command 052 actuates relays K1 and K2, in both PDU's, to the
position that applies +29 Vdc to the operating 1ine of the LSG.

LSG STBY POWER DISTRIBUTION UNIT
Command 053 actuates relays Kl, in both PDU's, to the position
that removes +29 Vdc_operafiona1 power from the LSG if it is in
the operdte mode and applies +29 Vdc to the standby Tine. In
the OFF mode, Command 053 has no effect.

LSG OFF POWER DISTRIBUTION UNIT
Command 054 actuates relays Kl and K2, in both PDU's, to the
position that removes all +29 Vdc power from the LSG. LSG
OFF is the Tunar sufface initial condition.
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055  LSP ON POWER DISTRIBUTION UNIT
Command 055 actuates relays Kl and K2, in both PDU's, to the
position that applies +29 Vdc to the operating line of the
LSP. Astronaut switch 2 is in this line and telemetry will
indicate LSP operational mode regardless of the state of
switch 2.

056  LSP STBY POWER DISTRIBUTION UNIT
Command 056 actuates relay K1, in both PDU's, to the position
that removes +29 Vdc operational power from the LSP, if it is
in the operate mode and applies +29 Vdc to the standby Tine.
The LSP has no standby mode and this line is not connected to
the expériment. However, telemetry will show the standby mode.
In the OFF mode, Command 056 has no effect. LSP STBY is
the lunar surface initial condition.
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LSP OFF ' POWER DISTRIBUTION UNIT
Command 057 actuates relays K1 and K2, in both PDU's,
to the position that removes all +29 Vdc power from

‘the LSP.

PCU T SEL POWER CONDITIONING UNIT
Command 060 actuates relay K1, in the PCU, to the
position that applies +16 Vdc from the RTG to PCU 1
and disconnects PCU 2 from the RTG. In this configura-
tion, PCU 1 provides power for the ALSEP system via

PDU 1. PCU 1 is preset to be energized at initial

lTunar activation.

PCU 2 SEL 'POWER CONDITIONING UNIT
Command 062 actuates relay K1, in the PCU, to the
position that applies +16 Vdc from the RTG to PCU 2

and disconnects PCU 1 from the RTG. In this configura-
tion, PCU 2 provides power for the ALSEP system via

PDU 2.
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LSG HTR ON EXP 4 (LGS)

Command 063 turns the slave heater ON. The slave

heater must remain on at all times except during tilt | P-1
motor or mass change motor operation.

LSG HTR OFF EXP 4 (LGS)
Command 064 turns the slave heater OFF. Prior to
driving a tilt or mass change servo motor, CMD 064 ‘ P-1

must be transmitted in order to minimize the thermal
disturbance by minimizing the peak power dissipation
within the LSG.

LSG CMD EX EXP 4 (LSG)
Command 067 executes the command currently in the
command counter. The command counter is incremented
and decremented by CMD 072 and CMD 074 respectively.
Execution does not clear the command counter.
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070 LSG DECODER ON EXP 4 (LSG)
Command 070 applies operating power to the LSG command
decoder and resets the command counter to the "00000"
state. '

071  LSG DECODER OFF EXP 4 (LSG)

Command 071 removes operating power from the LSG command

decoder.
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072 LSG STEP UP EXP 4 (LSG)
Command 072 increments the command counter one step
each successful execution.

074  LSG STEP DOWN EXP 4 (LSG)
Command 074 decrements the command counter one step
each successful execution.

NOTE

LSG Command Counter_and Commands:

An expanded command capability is
accomplished in the LSG experiment
by decoding a 5-Stage, "Up-Down"
command counter. Thirty of the
possible thirty-two .states of

the counter are used to generate
command functions. State of the
counter is read out through the
telemetry link.

Three command Tines are used to step
the command counter (up or down),

CMD 072 and CMD 074, and to generate
a command execute function, CMD 067.

Following is a list of all LSG ex-
periment command counter states and
the associated functional command

assignments: .
Command Symbol Binary Count Command Function
CG-8 00001 Read shaft encoder
€G-8 0oo10 Mass change motor ON
CG-10 00011 Bias in
CG-11 00100 Bias out
CG-12 00101 Integrator, normal mode
CG-13 00110 Integrator, short mode
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Command Symbol

LSG LIST - Concluded

Binary Count

CG-14
CG-15
CG-16
CG-17
CG-18
CG-19

CG-20
CG-21
CG-22

CG-23

CG-24
CG-25
CG-26
CG-27

CG-28
CG-29
CG-30
CG-31
CG-32
CG-33
CG-34
CG-35
CG-36
CG-37

00111
01000
01001
01010
01011
01100

01101
01110
01111

10000

10001
10010
10011
10100

10101
10110
10111
11000
11001
11010
11011
11100
11101
11110

ALSEP 5
BASIC/PCN-1

Command Function

Seismic low gain
Seismic higk gain
Sensor beam caged
Sensor Beam uncaged
Coarse screw servo ON
Tilt, mass chg, screw
servo, pressure pol
transducer OFF
Pressure transducer ON
Mass change increment
Gross slew up/tilt
increment up
Gross slew down/tilt
increment down
Vernier slew up
Vernier slew down
Fine screw servo ON
North/south tilt
servo ON
East/west tilt servo ON
Temperature increment 1
Temperature increment 2
Temperature increment 3
Temperature increment 4
Temperature increment 5
Temperature increment 6
Temperature reset
Post amp gain increment
Post amp gain reset

P-1
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PER CMDS EN COMMAND DECODER

Command 104 actuates the command decoder enabling output

of periodic commands (CMD 111) every 15.46 hours after
the first output which is at 7.65 hours. Two outputs
(CMD 111) occur within a 3.55 minute interval. The
application of power to ALSEP causes initialization in
the enable configuration.

PER CMDS INH COMMAND DECODER
Command 105 actuates circuitry in the command decoder
to inhibit output of the periodic commands (CMD 171).

ADP BKUP POWER DISTRIBUTION UNIT
Command 107 actuates relay K3 in the PDU to the
position that provides an alternate, redundant routing
of +5 Vdc from PCU 1 and PCU 2 to the ADP selection

relays.
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ADP PRI POWER DISTRIBUTION UNIT

Command 110 actuates relay K3, in the PDU, to the [ P-1
position that provides the basic, redundant routing of

+5 Vdc from PCU 1 and PCU 2 to the ADP/UPLINK selection
relays. The primary routing is preset to be energized

at initial lunar activation.
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LEAM CAL EXP 2 (LEAM)

Command 111 activates the calibration control logic

which injects a known signal into the experiment system.

This signal is used to calibrate the overall sensor

electronics and data storage system of the LEAM experiment.

Two calibration Tevels, Mode 1 and Mode 2, shall be

provided, to be selected alternately upon successive

transmission of Command 111. This command is also

generated automatically within ALSEP as a pair of

commands 3.5 minutes apart, every 15.4 hours, unless

inhibited by execution of CMD 105 (PER CMDS INH). | P-1
(typo)

LEAM MIR CVR EXP 2 (LEAM)

Command 112 causes the one-time function of blowing

off the LEAM thermal control mirror dust cover. This

command is an irreversible function and is necessary

to obtain LEAM scientific data.
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113 APM 2 OFF POWER CONDITIONING UNIT

Command 113 actuates a flip-flop, in the PCU, to the
position that inhibits APM 2 from dissipating RTG power.
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LEAM SEN CVR EXP 2 (LEAM)
Command 114 causes the one-time function of blowing away
the LEAM sensor dust cover. This command is an

irreversible function and is necessary to obtain LEAM
scientific data.
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APM 2 ON POWER CONDITIONING UNIT
Command 115 actuates a flip-flop, in the PCU, to the
position that diverts RTG input power to a 30 watt,
maximum, power dissipation resistor if:
A. At least 2 watts of reserve power are on PCU 2 | P-1
B. Thermal plate temperature is above the temp switch

2 value - 60° F close, 80° F open. | P-1
The application of power to PCU 2 causes initialization (typo)
in the APM 2 ON configuration.
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LEAM HTR STEP EXP 2 (LEAM)
Command 117 is a three-state command ON/OFF/AUTO. In
the operational mode, the experiment should be capable
of setting the heater ON, OFF, and to AUTO by succesive
transmissions of CMD 117, regardless of the state of
the automatic control. CMD 117 is inhibited in the
survival mode.
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120 PCU 1 AUTO SW POWER CONDITIONING UNIT
Command 120 actuates relay K2, in the PCU, to the
position that enables automatic switchover from PCU 2
to PCU 1 when the +12 Vdc or +5 Vdc goes undervoltage
or the -12 Vdc goes overvoltage for longer than 300 ms P-1
or when the +12 vdc goes overvoltage for Tonger than
5ms (refer to Table 4-1). In this position, automatic
switchover from PCU 1 to PCU 2 1is inhibited. PCU 1
AUTO SW is present to be energized at lunar activation.

121 PCU 2 AUTO SW POWER CONDITIONING UNIT
Command 121 actuates relay K2, in the PCU, to the
position that enables automatic switchover from PCU 1
to PCU 2 when the +12 Vdc or +5 Vdc goes undervoltage
or the -12 Vdc goes overvoltage for Tonger than 300 ms
or when the +12 vdc goes overvoltage for longer than P-]
5ms (refer to Table 4-I). In this position, automatic

switchover from PCU 2 to PCU 1 is inhibited.
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~ 122  DECODER SW ENABLE . COMMAND DECODER
Command 122 through the uplink switch flip-flop in the
command decoder, actuates PDU relays K1, K2, and K4
removing power from the set of uplink components in

use and applying power to the alternate, redundant
components. All three voltages (+5 Vdc, +12 Vdc, and

-12 Vdc) are switched for the command decoders and

+12 Vdc is switched for the receivers. Repeated
application of CMD 122 causes repeated selection alter-
nating between RCVR/DECODER A and B. After a PCU switch-
over, CMD 122 may be required twice for the next switchover
(if it is from uplink B to uplink A). Command 122, like
CMD 104, enables the periodic commands.

NOTE

Command 122 does not actuate the backup
power routing of +5 Vdc to the decoder as
does automatic switchover,
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132

133
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LMS LOAD 1 . | EXP 1 (LMS)
LMS LOAD 2 EXP 1 (LMS)
LMS LOAD 3 EXP 1 (LMS)
LMS LOAD 4 | EXP 1 (LMS)
LMS LOAD 5 EXP 1 (LMS)
LMS LOAD 6 | EXP 1 (LMS)
LMS EX | EXP 1 (LMS)

Command 134 causes the execution of the command
load currently in the LMS register and then clears
the LMS register.
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Octal commands 123 through 125, 127, and 132 through 134
inclusive, are encoded in specific sequences to provide 15
discrete commands for Experiment 1 (LMS) as follows:

Symbo] FUNCTION 123 124 125 127 132 133 134
CA-1  Step Mult, Sweep HV ON X X X

& Back-up Htr Off

B

CA-2 Lock (Sweep Hold) & J- X X X
Plate Voltage Step/Fixed
CA-3 . .One Step (Sweep Advance) X _ X X
CA-4 Emission/Filaments OFF-
Mode Sel Enable X X X
CA-5  Filament #1 ON X X X
CA-6 Filament #2 ON X X X
CA-7 Mult High & Back up Htr ON X X X
CA-8 Mult Low X X X

CA-9 Disc High and J-Plate Voltage

Step Enable/Cyclic X X X
CA-10 Disc Low and J-Plate Voltage X X X

Step Inhibit
CA-T1 Bakeout Enable X X
CA-12 Bakeout Disable X X
CA-13 Dust Cover Removal X X X
CA-14 Ion Pump ON X X
CA-15 Ion Pump, Mult, and Sweep

HV OFF X X X
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A brief description of the LMS command is listed below:

. STEP MULT, SWEEP HV ON AND BACK-UP HTR OFF

(Commands 123 and 124 followed by 134) Execution of

this command load turns the sweep and channeltron .
multiplier high voltage ON, turns the back-up P-1
heater OFF, and starts automatic sweep.

LOCK (SWEEP HOLD) AND J-PLATE VOLTAGE STEP/FIXED

(Commands 123 and 125 followed by 134) Execution of

this load command stops the analyser sweep on the step

reached at the time CMD 134 is received and advances | P-1
the J-plate voltage selection sequence to the next (typo)
step, provided this capability has been enabled. Each
successive step decreases the J-plate voltage. After

the final step, the relay sequences return to the first.
(highest) voltage step. (4 step repeatable) l P-1

With emission OFF, this command selects the fixed
emission control,
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ONE-STEP (SWEEP ADVANCE)
(Commands 123 and 127 followed by 134) Execution of
this command Toad advances the sweep to the next step

“ when the experfment is in the sweep hold mode (command

Toad CA-2).

EMISSION/FILAMENTS OFF/MODE SEL ENABLE | P-1
(Commands 123 and 132 followed by 134) Execution of

this command load turns OFF the emission filaments.
EMISSION/FILAMENTS OFF is preset for LMS activation.

FILAMENT 1 ON
(Commands 123 and 133 followed by 134) Execution of
this command Toad applies power to emission filament 1.

FILAMENT 2 ON

(Commands 124 and 125 followed by 134) Execution of

this command load applies power to emission filament 2.
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MULT HIGH AND BACK-UP HTR ON

(Commands 124 and 127 followed by 134) Execution of
this command Toad selects the HIGH voltage configura-
tion for the multipliers and turns the back-up heater ON.

MULT LOW

(Commands 124 and 132 followed by 134) Execution of
this command Toad selects the LOW voltage configuration
for the multipliers. The MULT LOW configuration is
preset for LMS activation.

DISC HIGH AND J-PLATE VOLTAGE STEP ENABLE/CYCLIC
(Commands 124 and 133 followed by 134) Execution of
this command load selects the HIGH discriminator Tevel
in the particle counting and detection circuits and
ENABLES the J-plate voltage step capability (CMD CA-2).

With emission OFF, this command selects the cyclic

bias control. IP*l
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CA-10 DISC LOW AND J-PLATE VOLTAGE STEP INHIBIT

CA-11

CA-12

(Commands 125 and 127 followed by 134) Execution of
this command load selects the LOW discriminator level

in the partic]é counting and detection circuits and
INHIBITS the J-plate voltage step capability (CMD CA-2).
The DISC LOW AND J-PLATE VOLTAGE STEP INHIBIT configura-
tion is preset for LMS activation.

BAKEOUT ENABLE

(Commands 125 and 132 followed by 134) Execution of
this command load ENABLES the bakeout configuration.
After CA-11, the LMS must be commanded to STANDBY
(CMD 037) to perform bakeout.

BAKEQUT DISABLE

(Commands 125 and 133 followed by 134) Execution of

this command load causes bakeout to be DISABLED. The
BAKEOUT DISABLE configuration is preset for LMS activation.
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CA-13 DUST COVER REMOVAL
(Commands 127 and 132 followed by 134) Execution of
this command load actuates the dust cover REMOVAL circuitry.

CA-14 ION PUMP ON _
(Command 127 and 133 followed by 134) Execution of
this command load turns the ion pump ON. Execution
of CA-14 is inhibited if CA-1 has been successfully
executed; if CA-14 is inhibited, then CA-15 must be
executed before CA-T4. CA-1 is not inhibited if the
ion pump is ON.

CA-15 1ION PUMP, MULT, AND SWEEP HV OFF
(Command 132 and 133 followed by 134) Execution of
this command load turns the ion pump, the high voltages
for the electron multipliers and the sweep OFF. The
ION PUMP, MULT, AND SWEEP HV OFF configuration is preset
for LMS activation.
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HFE MODE/G SEL EXP 3 (HFE)
This command (C1) 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 cable thermocouples under the control of
the measurement sequencer programer. It also turns
off the probe heater current supply. At turnon, the
HFE is initialized in this condition.

HFE MODE/LK SEL EXP 3 (HFE)
This command (C2) is a one-state command. It places
the HFE in the Tow 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 éequencer programer. It
also turns on the probe heater current supply in the
Tow (or ring source) mode allowing heaters to be
activated via Command 152.

HFE MODE/HK SEL EXP 3 (HFE)

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.
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141 HFE SEQ/FUL SEL EXP 3 (HFE)
This command (C4) 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 16-state cycle of operation. If trans-
mitted during operation in MODE/HK, this command will
cause invalid data. At turnon, the HFE is initialized
in this condition.

142 HFE SEQ/P1 SEL EXP 3 (HFE)
This command (C5) is a 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 144, 145, or 146 was
previously executed. In MODE/HK, this command doubles
the recognized data rate. It is cleared by subsequent P-1
execution of Command 141.

143 HFE SEQ/P2 SEL EXP 3 (HFE)

This command (C6) is a one-state command and alternates
with Command 142 to select only one probe for measure-
ment. In MODE/G and MODE/LK it causes the measurement
sequence programer to lock the second flip-flop (P2)

in the set 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 144, 145,
or 146 was previously executed. In MODE/HK this command

halves the data rate. It is cleared by subsequent | P-1
execution of Command 141.
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144 HFE LOAD 1 EXP 3 (HFE)
This command (C7) is a one-state command and is used
alone or in combination with either Command 145 or 146
to position and lock the measurement sequence programer's
third and fourth flip-flops (P4P ). It places these two
flip-flops in the clear position (00) and bypasses those
steps; thus the MSP 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. Subseguent execu-

~tion (in MODE/G or MODE/LK) of Command 145 Tlocks P4P3

in the 01 or 10 state respectively. All positioning
and Tocking of P4P3 is cleared by subsequent execution
of Command 141.

145 HFE LOAD 2 EXP 3 (HFE)
This command (C8) is a one-state command and is used in
combination with either Command 144 (preceding 145) or
Command 146 (preceding or subseguent to 145) to position
and lock P4P3 (see 144). It sets P3; therefore, 144
followed by 145 placed P4P3 in the 01 state. In com-
bination with 146, it places P4P3 in the 11 state.
Depending on whether Command 141 was previously executed
or one of Commands 142 or 143, the MSP acts as a four-
state or two-state counter. Execution of this command
in MODE/HK causes invalid data until Command 144 is
executed. It is cleared by subsequent execution of

Command 141.
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HFE LOAD 3 EXP 3 (HFE)

This command (C3) is a one-state command operating
essentially the same as Command 145 except that it sets
P4. Therefore, when preceded by 144 it places P
the 10 state.

4P3 m

HFE HTR STEPS EXP 3 (HFE)

This command (C10) is a 16-state command which advances
the heater excitation programer (H4H3H2H]) 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/LK the execution of
Command 152 alternates the heater status between on

and off, simultaneously stepping through the eight
heaters (current supply in on full time, and heater
elements are switched in and out of circuit). In MODE/HK
the heater excitation programer (advanced by Command 152)
also selects the data to be sampled. The HF heater
advance steps through following 16-step sequence, one
step per command:

All heaters off A1l heaters off
Probe #I heater #2 ON  Probe #2 heater #2 ON
A1l heaters off A1l heaters off
Probe #1 heater #4 ON  Probe #2 heater #4 ON
A11 heaters off A1l heaters off
Probe #1 heater #1 ON  Probe #2 heater #1 ON
A1l heaters off A1l heaters off

Probe #1 heater #3 ON  Probe #2 heater #3 ON

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 in NBR and 108 seconds
in LBR.
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156 LSP XMTR ON EXP 5 (LSP)
Command 156 activates the LSP xmtr which operates at
41.2 MHZ and transmits time-coded fire pulse sets (3 per
set) at 29.55-second intervals to cause detonation of
an explosive package, provided that timer-controlled
functions are in the proper configuration to accept,
arm, and execute the firing input. CMD 156 is to be
transmitted (hence, LSP xmtr on) before the first normal
arm time through the detonation of the last explosive
package in each group. Presence of LSP xmtr function | P-]
is read out in the LSP TM. Repeated application
of CMD 156 has no further effect.

162 LSP XMTR OFF ~EXP 5 (LSP)
Command 162 deactivates the LSP transmitter. Repeated
application of Command 162 has no further effect.

163 LSP GAIN NORM EXP 5 (LSP)
Command 163 selects the normal, high-gain mode of
operation of the LSP geophone amplifier. Repeated
application of CMD 163 has no further effect.

164 LSP GAIN LOW EXP 5 (LSP)
Command 164 selects the LOW-gain mode of operation of
the LSP geophone amplifier. Repeated application of
Command 164 has no further effect.
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LSP GEO CAL EXP 5 (LSP)

Command 170 causes“the seismic detection system to

switch to the calibration mode for approximately 1.5 seconds.
This produces a relative calibration of all four geophone
channels for comparison to an absolute preflight calibration,
to detect any changes in such parameters as geophone

resonant frequency and system sensitivity. Repeated
application of CMD 170 causes repeated switchovers to the

calibration mode.
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DECODER SW INH COMMAND DECODER
Command 174 sets a one-time inhibit circuit in the
command decoder such that the next 61-hour pulse does
not cause switchover to the opposite receiver/decoder.
Only one 6l-hour pulse can be inhibited at a time. The
switchover inhibit is cleared 3.5 minutes after the
scheduled 61-hour pulse. Application of power to ALSEP
causes initialization in the no-delay configuration.
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Figure 5-3 .- Command decoder flow diagram.

THIS FIGURE
DELETED
BY PCN-1
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TABLE 5-1.- PRESET AND LUNAR INITIAL CONDITIONS OF SUBSYSTEMS

SUBSYSTEM | COMMAND FUNCTION INITIALIZES TO | LUNAR INITIAL CONDITION

™ 005 DP FMT ON ON
™ 006 NORMAL BIT RATE NORMAL
™ 012 XMTR A ON XMTR A ON
™ 014 XMTR B OFF XMTR B OFF
EPS 021 PDR 1 OFF PDR 1 OFF
EPS 023 PDR 2 OFF PDR 2 OFF
™ 024 ADP X SEL ADP X SEL
EPS 027 APM 1 ON ON
™ 032 RIPPLE-OFF RESET RESET
™ 034 DDP X SEL DDP X SEL
LMS 041 EXP 1 OFF (LMS) LMS OFF
LEAM 044 EXP 2 OFF (LEAM) LEAM OFF
HFE 050 EXP 3 OFF (HFE) HFE OFF
LSG 054 EXP 4 OFF (LSG) LSG OFF
LSP 056 EXP 5 STBY (LSP) LSP STBY
PCU 060 PCU 1 SEL PCU 1 SEL
™ | 104 | PER CMDS ENABLE ENABLE
EPS 110 UPLINK/ADP PWR

RELAY W SEL UPLINK/ADP PWR RELAY W SEL
EPS 115 APM 2 ON ON
EPS 120 PCU AUTO SEL 1 PCU AUTO SEL 1
HFE 135 HFE MODE/G SEL GRADTENT MODE
HFE 141 HFE SEL/FUL SEQ FULL 16-STEP

MEAS SEQ -

LMS (CA-4) -| EMISSION OFF

FILAMENTS OFF
LMS (CA-8) | MULTIPLIERS LOW MULT LOW
LMS (CA-10)| DISC LOW AND DISC LOW AND

J-PLATE VOLTAGE | J-PLATE VOLTAGE

STEP INHIBIT STEP INHIBIT
LMS. (CA-12)| BAKEOUT DISABLE | BAKEOUT DISABLE
LMS (CA-15)| ION PUMP, MULT OFF

AND SWEEP HV OFF
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ALSEP 5
SECTION 6 BASIC

TELEMETRY SUBSYSTEM

SYSTEM DESCRIPTION

The telemetry subsystem consists of central station sensors,
experiment sensors, two analog multiplexers, two analog-to-
digital converters, two 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
Signa]s to the 90 channel analog multiplexers as engineering
(housekeeping) data to indicate the condition of the central
station, RTG, LEAM, LMS, LSP, LSG, and HFE.

-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.
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Analog Multiplexers

Analog engineering (housekeeping) data are applied to the
redundant 90 channel analog multiplexers. Selection of the
redundant multiplexer can be accomplished by Command 024

or 025. The multiplexer is divided into 15 groups of six |
column gates each, and the group outputs are further gated
through a tier of eight 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 sequencers to advance the multiplexers to the next
channel after each A/D conversion for ALSEP word 33. Between
each of these samples, the multiplexer samples reserve current P-1
and puts it in ALSEP word 63 (DA-08). The 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.
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A/D Converters

The A/D converters encode the analog signal from the multiplexer

into an 8-bit digital word when an encode pulse from the selected
digital data processor occurs (twice every digital data processor

main frame). The 8-bit digital word is input serial to the =]
selected digital data processor, X or Y, at words 33 and 63 of the

~ ALSEP main frame. Selection of the redundant A/D converter, X

or Y, is accomplished by CMD Q24 or 025, respectively.

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 serial form

from the selected A/D converter, the command decoder, and lp_]
experiments. The data are formatted into a serial NRZC

format and then encoded into a split-phase signal and

applied to the transmitter.

There are two output formats: data processor format and ‘ [p-]
LSP format, selected by Commands 005 and 003, respectively.

The normal data rate and low data rate can be selected by

ground Commands 006 and 007, respectively. The data pro-

cessor configurations are as follows:

Normal Bit Rate Low Bit Rate
DP Format 1060 bps 530 bps
LSP Format 3533.3 bps 1060 bps
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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 to identify P-1
channels 1 through 90 for correlation of the analog multiplexer
data. Bits 21 through 29 are derived from a ripple-through
counter which is advanced one step whenever HWord 1 of the
ALSEP main frame occurs and is reset by a ninetieth-frame
signal generated by the analog multiplexers. When power is
applied to the data processor, bits 23 through 29 will be a
random count between 0 and 127 and cannot be used to determine
the position of the multiplexers until the ninetieth-frame
reset signal is received from the analog multiplexers.

Each of the redundant processors has a power reset circuit.
This circuit will reset the processor to the normal data rate
in the DP format if there is a momentary drop in the +5 Vdc line.

The data processor will generate and provide all necessary
timing signals to the experiments, command decoder, A/D con-
verter, and the 90-channel analog multiplexers (see Table 6-1I).
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ALSEP word assignment for array E BASIC.
1 2 3 4 5 6 7 8 N
SYNC COMMAND
SYNC SYNC & ID- LSG LMS LSG VERIFI- LSG
CATION
9 10 11 12 13 14 15 16
N/A LSG N/A LSG N/A LSG N/A LSG
17 18 19 20 21 22 23 24
LMS LSG LMS LSG LMS LSG HF LSG
25 26 27 28 29 30 31 32
LSG LSG LSG LSG LSG LSG LEAM LSG
r733 34 35 36 37 38 39 40
HOUSE-
KEEPING LSG LSG LSG LSG LSG LEAM LSG
41 42 43 44 45 46 47 48
N/A LSG N/A T LSG N/A LSG N/A LSG
49 50 51 52 53 54 55 56
N/A LSG N/A LSG N/A LSG N/A LSG
57 58 59 60 61 62 63 64
RESERVE
N/A LSG N/A LSG N/A LSG POWER LSG

Each square represents 1 10-bit word.

N/A = not assigned

Control words (sync)
Lunar Mass Spectrometer Experiment

Total matrix =

Command verification (8 bits upon command, otherwise

all zeros)
Lunar Surface Gravimeter Experiment

Heat Flow Experiment

Lunar Ejecta and Meteorite Experiment

Housekeeping
Reserye power

Words not used (zeros are sent for each empty word)

Figure 6-1.- Main frame format.

6-

5

10 x 64 = 640 bits/frame

Numper of
words per
main frame

3
4

Total 64
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TABLE 6~1.- TIMING FROM DIGITAL PROCESSOR
SIGNAL TO

SIGNALS FROM CMD LMS LEAM HFE LSG LSp ANALOG MUX
DATA PROCESSOR DECODER & A/D CONV
Shift pulse X X X X X X y
Data gate X P-:
Frame mark X X X X
Data demand X X X X X X
A/D encode clock X -]
Advance pulse X
90th frame mark X X X X X | P-1
3.53 KHz clock X
28.226 KHZ clock X | P-1
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Transmitter

Array E contains two identical transmitters. Each unit accepts
digital data from the Data Processor and utilizes it to modulate
a rf carrier. The modulated rf signal is amplified and frequency
multiplied so as to provide an output signal of approximately one
watt at an S-Band frequency of 2275.5 MHz.

A crystal oscillator stage generates a 95 MHz rf signal which is |p_1
phase modulated by the Manchester Coded Digital Data. The modu-
lated signal is then amplified and passed through a two pole

band pass filter. The filtered signal is then frequency quadru-

pled by a common emitter transistor stage. The 380 MHz signal

is then passed through a third two pole band pass filter. The

signal is then frequency doubled by a common emitter fréquency
multiplier and amplified. The 760 MHz signal is then power
amplified. A signal of about 2 1/2 watts is then applied to a
varactor diode frequency tripler. The resulting S-Band F-1
signal is filtered and outputted to the Diplexer and antenna.

The Regulator converts the +29 volt supply from the power sub-
system to two supply voltages. A +17 volt supply Tine powers
the low power stages of the transmitter and the temperature
telemetry sensor circuitry. A +23 volt supply Tine powers the
power amplifier stages of the transmitter. The power supply
regulator is a single encapsulated unit.

Diplexer Switch

The diplexer switch is utilized to couple the selected trans-
mitter (A or B) output through the diplexer filter to the antenna.
The direction of the diplexer switch (thus the selection of trans-
mitter 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 CMD 015.
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ALSEP WORD 2

ALSEP WORD #3 ——

1 23 4567 8910 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Bjt111000]00] o o 0 1 1 1 0o 1 1 0 1 F F2 F3 F4 F5 F6 F7 M
BARKER CODE COMPLEMENT OF BARKER CODE—————— | ~——FRAME COUNTER— |MODE
(1, 2, 3,...,89, 0) BIT
Bits/ Samples/
Symbol Name ALSEP Words Range/Comments Sample Second
DA-1 Barker Code and Complement 1, 2 and bits 1 NA 22 1.66
and 2 of word 3
DA-2 Frame Count (Fi)(z) Bits 3 thru 9 of 1 to 89, and 0. 7 1.66
) word 3
DA-3 Mode Bit (M) Bit 10 of word 3 1, 0 = Normal (1060 bits/sec) 2 0.0184
in Main Frames 1 0, 1 = Slow (530 bits/sec)
and 2
DA-4 ALSEP Identification Bit 10 of word 3 in Data Processor Identification 3 0.0184
Main Frames 3 (.MSB), Array E code is 1, 0, 0
4, and 5 (LSB)
DA-5 Command Verification Bits 3 thru 9 of 1 to 127 7 NA
word (1) word 7
DA-6 Received Command MAP Bit 10 of word 7 0 = Command Parity check 1 NA
(Message Acceptance Pulse) failed
1 = Bit by bit check of com-
mand and complement
verified
DA-7 CVW Filler Bits Bits 1 and 2 of Bit 3 (MSB) of word 7 (CVW) NA NA
word 7 serves as filler bit value for
bits 1 and 2. 1. e., bits 1
and 2 will be same as bit 3.
DA-8 Reserve Current 63 (Bits 3 thru 9) 0 to 4 Amps 8 1.66
DA-9 Analog Word Filler Bits Bits 1 and 2 of Bits 1 and 2 will be zeros 2 3.32
| words 33 and 63

(

])Verifies reception and decodin

of commands by retransmission of received command word.

CVW information will be all zeros (10 %its) when commands are not being processed.

(

2)Frame count reads 1 to 89 for Channels 1 to 89. Frame count reads O for Channel 90.

Figure 6-2.- Control and command verification word format .
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TABLE 6-1I.- ANALOG MULTIPLEXER, A/D CONVERTER CHARACTERISTICS

Analog multiplexer (subcommutated)

Input (from sensors or signal conditioners) 0 to +5 Vdc
Channels/frame 90 max
Seconds/frame (normal bit rate) 54,34
Seconds/frame (low bit rate) 108.68

Redundancy

X or Y multiplexer

A/D converters

Input (from analog mux) 0 to +5 Vdc
Conversion 8 bits
Data to D/P Serial

Time slot in main frame

Word 33 and 63

Redundancy

‘Tota1

Input from 0 to +5 volts

Qutputs O to 255 PCN count

Input from +5 to +8 volts

Outputs 255 decimal PCM count

6-9
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TABLE 6-III.- DIGITAL DATA PROCESSOR CHARACTERISTICS

MODES OF OPERATION*

PARAMETER NORMAL SLOW LSP NORMAL LSP SLOW
Data rate (bps) 1060 530 3533.3 1060
Bits/word 10 10 30 30
Words/frame 64 64 60 60
Frame/second 1.656 0.828 1.963 0.588
Seconds/frame 0.604 1.208 0.509 1.698
Bits/sync word 22 22 10 10

*There are four modes of operation available for the
telemetry system. The Normal mode of operation down-
links data at 1060 bits per second (bps) from the
Central Station and four of the five experiments
(LEAM, LMS, HFE, and LSG). A backup Slow mode may
be selected to provide the same data at the Tower
rate of 530 bps. Two other operating modes are
provided exclusively for LSP operation. In the LSP
Normal mode data is downlinked at 3533.3 bps and
includes LSP data and critical Central Station house-
keeping items which are multiplexed into the LSP
telemetry format. In the LSP Slow mode of operation,
the same LSP and C/S data are downlinked at 1060 bps.
In both LSP modes other experiment data is inhibited.

NOTE

Words 1, 2, and 3 are control words. Word 33 of the
main frame contains housekeeping data from the ana-

log mux/A/D converter. Word 7 contains the command
verification word. The two MSB's of Words 33 and 7
are filler bits inserted by the digital data processor.
A1l main frame words are downlinked MSB first.

DA-4 contains the ALSEP indentification in bit 10 of
word 3 in main frames 3(MSB), 4, and 5(LSB).

Frame 3 1 (MSB)

Frame 4 0

Frame 5 0
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TABLE 6-IV.- TIMING AND CONTROL PULSE CHARACTERISTICS

Duration

Pulse type (usec) Repetion rate
Frame mark 118 Once per ALSEP frame
mark
90th frame 118 Once every 90th frame
Data gate 118 64, once per each 10-bit
(word mark) word in frame
Data demand 9434 Once per word in ALSEP frame
Shift pulse 472 640 pulses per frame

1060 pulses per second
Command 21,000 Asynchronous

NOTE.

Duration in TABLE 6-1IV is given for
normal bit rate in the DP Formating
mode. In slow bit rate in the DP
Formating mode the duration is twice
that shown for normal bit rate.

| P-1

| p-1



TABLE 6-V.- TELEMETRY SUBSYSTEM POWER REQUIREMENTS

COMPONENT VOLTAGE BUS WATTS
Data processor +5 VDC « 790
X orY +12 VDC .850

-12 VDC .420

+29 VDC .015
Analog multiplexer +5 VDC 225
and A/D converter +12 VDC . 245
XorY -12 VDC .200
Transmitter A +29 VDC 9.0
Transmitter B +29 VDC 9.0
Diplexer switch +12 VDC 0.10

TABLE 6-VI.- TRANSMITTER CHARACTERISTICS

Frequency

Modulation

Stability (Tong-term) +0.0025 percent/year

Power output

Power input

TM parameters 8 (AE-15, AE-16, AE-17, AE-18,
AT-23, AT-24, AT-25, and AT-26)

2275.5 mHz

ALSEP 5
BASIC/PCN-1

P-1

PM + 1.25 radian, phase-modulated carrier

1 watt minimum

9.0 watts
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TABLE 6-VII.- CHANNEL AND MEASUREMENT ASSIGNMENTS FOR ANALOG MULTIPLEXER (ALSEP WORD 33)

Channel Data Channel Data

Number Symbol Function or Description Number Symbol Function or Description
1 AB-18 Uplink Switch Delay Status 46 AT-14 Front Structure Temp
2 AE-1 0.25 Vdc Calibration 47 AT-15 Rear Structure Temp
3 AE-2 4,25 Vdc Calibration 48 AT-31 Decoder B Demodulator Temp
4 AT-3 Thermal Plate Temp 1 49 AT-32 Decoder A Demodulator Temp
5 AE-4 PCU Input Current 50 AE-3 PCU Output Voltage 2 (+12Vdc)
6 AR-1 RTG Hot Frame 1 Temp 51 AE-15 Transmitter A 17-Volt Reg Current
7 AR-4 RTG Cold Frame 1 Temp 52 AR-3 RTG Hot Frame 3 Temp
8 AE-3 PCU 1 Input Voltage 53 AG-9 LSG Power Converter (-15v)
9 AB-8 Rcvr A Command Subcarrier Status 54 AG-6 LSG Mass Changing Error Signal
10 AG-2 LSG Tide Signal | P-1 55 AH-3 HFE Supply Voltage No. 3 (+15v)
1 AE-23 PCU 2 Input Voltage 56 AE-22 APM 2 Current
12 AB-4 Pwr Distribution Status Exp 1 and 2 57 AH-6 HFE High Conductivity Htr Pwr Status
13 AB~16 PC Autoswitch Status 58 AT-6 Thermal Plate Temp 4
14 AB-5 Pwr Distribution Status Exp 3 and 4 59- AT-8 Vertical Structure 1 Temp
15 AT-10 Bottom Structure Temp 60 AT-12 Thermal Bag Inner Temp
16 AT-40 Rcvr Case Temp (Uplink A only) 61 AT-41 APM 1 Temp
17 AB-9 Rcvr B Command Subcarrier Status 62 AT-34 PDU 1 Temp
18 AT-23 Transmitter A Pwr Amplifier Temp 63 AT-35 PDU 2 Temp
19 AT-24 Transmitter A Case Temp 64 AT-42 APM 2 Temp
20 AE-7 PCU Output Voltage 1 (+29Vdc) 65 AE-10 PCU Output Voltage 3 (+5v)
21 AE-19 Rcvr A Input Signal Level 66 AE-16 Transmitter B 17-Volt Reg Current
22 AE-18 Transmitter B 23-Volt Reg Output 67 AR-5 RTG Cold Frame 2 Temp
23 AG-3 LSG Free Mode Oscillation Signal 68 AG-4 LSG Htr Box Temp
24 AG-7 LSG Oscillator Amplitude lP-1 69 AG-10 LSG Power Converter
25 AP-1 LSP Electronics Internal Temp 70 AB-10 DDP x/y Status
26 AB-6 Uplink A/B and Pwr Routing Status 71 AT-7 Thermal Plate Temp 5
27 AT-1 Sunshield Temp 1 (Top) 72 AT-13 Thermal Bag Outer Temp
28 AT-4 Thermal Plate Temp 2 73 AB-11 LSP Pwr Distribution Status
29 AH-1 HFE Supply Voltage No. 1 (5v) 74 AH-4 HFE Supply Voltage No. 4 (-15v)
30 AE-24 Reserve Current 75 AH-7 HFE Low Conductivity Htr Pwr Status
31 AT-25 Transmitter B Pwr Amplifier Temp 76 AB-13 APM Status
32 AT-26 Transmitter B Case Temp 77 AT-38 PCU Regulator 1 Temp
33 AT-27 Data Processor Base Temp 78 AT-39 PCU Regulator 2 Temp
34 AT-28 Data Processor Internal Temp 79 AE-11 PCU Output Voltage 4 (-12v)
35 AL-21 AP 1 Current 80 AB-14 Pwr Dumps 1 and 2 Status
36 AE-20 Revr B Input Signal Level 81 AE-17 Transmitter A 23-Volt Reg Output
37 AR-2 RTG Hot Frame 2 Temp 82 AR-6 RTG Cold Frame 3 Temp
38 AG-8 LSG Power Converter (+15v) 83  AJ-1 to AJ-5 LEAM, 5 Submultiplexed Engr Data
39 AG-1 LSG Seismic Signal | P-1 84 AJ-6 to AJ-10 LEAM, 4 Submultiplexed Temps and 1 Engr Catum
40 AM-1 to AM-16 LMS, 16 Functions Submultiplexed 85 Ad-11 LEAM Electronics Survival Temp
41 AM-41 LMS Electronics Temp B6 AB-15 Periodic Commands Enable/Inhibit Status
42 AT-2 Sunshield Temp 2 87 AT-9 Vertical Structure 2 Temps
43 AT-5 Thermal Plate Temp 3 88 AT-11 Pwr Dump Module Temp
44 AM-44 LMS Sweep High Voltage 89 AG-5 LSG Instrument Housing Pressure
45 AH-2 HFE Supply Voltage No. 2 (-5v) 90 AB-17 ADP x/y and Pwr Routing Status

L-N2d/215vg
S d3STy
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TABLE 6-VIII.- ANALOG CHANNEL USAGE
CENTRAL STATION:
Tomoucen e | MWL DTG S S
SYMBOL LOCATION/NAME CHANNEL LOW HIGH LOW HIGH LOW HIGH
STRUCTURAL/THERMAL TEMPERATURES X
AT-1 Sunshield Temp 1 27 -300° F 300° F | -300° F 160° F -350° F 304° F
AT-2 Sunshield Temp 2 42 -300° F 300° F -300° F 160° F -350° F 304° F
AT-3 Thermal Plate Temp 1 4 -50° F 210° F 11° F 103° F -10° F 140° F
AT-4 Thermal Plate Temp 2 28 -50° F 210° F 19° F 106° F -10° F 140° F
AT-5 Thermal Plate Temp 3 43 -50° F 210° F 13° F 103° F -10° F 140° F
AT-6 Thermal Plate Temp 4 58 -50° F 210° F 27° F 117° F -10° F 145° F
AT-7 Thermal Plate Temp 5 71 -50° F 210° F 22° F 109° F -10° F 140° F
AT-8 Vertical Structure 1 Temp 59 -300° F 300° F -210° F 200° F -350° F 304° F
AT-9 Vertical Structure 2 Temp 87 -300° F 300° F -210° F 200° F -350° F 304° F
AT-10 | Bottom Structure Temp 15 -300° F 300° F { -210° F 160° F | -350° F 304° F
AT-11 PDM Temp 88 -300° F 300° F -215° F 270° F -350° F 304° F
AT-12 Thermal Bag Inner Temp 60 -300° F 300° F -12° F 115° F -350° F 304° F
AT-13 Thermal Bag Outer Temp 72 -300° F 300° F -160° F 150° F *| -350° F 304° F
AT-14 | Front Structure Temp 46 -300° F 300° F | -210° F 180° F | -350° F 304° F
AT-15 Rear Structure Temp 47 -300° F 300° F -210° F 200° F -350° F 304° F
ELECTRONIC TEMPERATURES

AT-23 | Transmitter A Pwr Amplifier Temp 18 -50° F 200° F 10° F 135° F -10° F 158° F
AT-24 Transmitter A Case Temp 19 -50° F 200° F 10° F . 135° F -10° F 158° F
AT-25 Transmitter B Pwr Amplifier Temp 31 -50° F 200° F 10° F 135° F -10° F 158° F
AT-26 Transmitter B Case Temp 32 -50° F 200° F 10° F 135° F -10° F 158° F
AT-27 Data Processor Base Temp 33 -50° F 210° F 0° F 125° F -10° F 158° F
AT-28 Data Processor Internal Temp 34 -50° F 210° F (1) 150° F -10° F 170° F
AT-31 Decoder B Demodulator Temp 48 -50° F 210° F 0° F 125° F -10° F 158° F
AT-32 Decoder A Demodulator Temp 49 -50° F 210° F 0° F 125° F -10° F 160° F
AT-34 | PDU 1 Temp 62 -25° F 210° F 0° F 130° F -10° F 158° F
AT-35 PDU 2 Temp 63 -25° F 210° F 35° F 155° F -10° F 160° F
AT-38 PCU Regulator 1 Temp 77 =252 F 210° F 10° F 180° F -10° F 190° F
AT-39 PCU Regulator 2 Temp 78 -25° F 210° F 10° F 180° F -10° F 190° F
AT-40 | RCVR Case Temp (Uplink A only) 16 -50° F 200° F 28° F 130° F -10° F 130° F
AT-41 APM 1 Temp 61 -25° F 210° F 39° F 109° F -22° F 158° F
AT-42 APM 2 Temp 64 -25° F 210° F 39° F 109° F -22° F 150° F
AP-01 LSP Electronics Temp (25 -50° F 210° F 33° F 138° F -10° F 158° F




TABLE 6-VIII.- ANALOG CHANNEL USAGE - Continued

ALSEP 5
BASIC

e e

SYMBQL LOCAT ION/NAME CHANNEL LOW HIGH LOW HIGH LOW HIGH
CENTRAL STATION ELECTRICAL
AE-1 0.25 Vdc Calibration 2 0 Vac 5 Vdc 0.24 v 0.2¢ V 0.22 v 0.28 v
AE-2 4.75 Vdc Calibration 3 0 Vdc 5 Vdc 4.72 v 4.78 V 4.70 vV 4.80 Vv
AE-3 PCU 1 Input Valtage 8 0 vdc 17 vdc 15.8 vV 16.2 vV 15.0 V 16.9 vV
AE-4 PCU Input Current 5 0 Adc 5 Adc 3.9 Adc 4.3 Adc 0.9 Adc 5.2 Adc
AE-7 PCU'Output Voltage 1 (+29V) 20 0 Vdc 35 vdc 28.0 v 30.0 v 27.5 V 30.5 Vv
RE-9 PCU Output Voltage 2 (+12V) 50 0 Vdc 15 Vdc 11.75 v 12.25 v 11.0Vv 13.0v
AE-T0 PCU Output Voltage 3 (+5V) 65 0 vdc 6 Vdc 4.8V 5.4V 4.0V 5.8V
AE-11 PCU Output Voltage 4 (-12V) 79 -15 Vdc -8 Vdc -12.75 V -11.9 v -12.9 v -11.8 v
AE-15 Xmtr A 17-volt Reg Current 51 0 mAdc 60 mAdc 20 mA 45 mA 1.1 mA 65.4 mA
AE-16 ¥mtr B 17-volt Reg Current 66 0 mAdc 60 mAdc | 20 mA 45 mA 2.1 mA 64.7 mA
AE-17 Xmtr A 23-volt Reg Output 81 0Ov 46 v 22.75 v 23.25 v .36V 25.2 v
AE-18 Xmtr B 23-volt Reg Output 22 0v 46 v 22.75 ¥ 23.25 v .36V 25.2 v
AE-19 Revr A Input Signal Level 21 -100 dBm -60 dBm | -92 dBm -74 dBm | -100 dBm -60 dBm
AE-20 Rcvr B Input Sianal Level 36 -100 dBm -60 dBm | -92 dBm -74 dBm -100 dBm -60 dBm
AE-21  APM 1 Current 35 0 Adc 2 Adc 0.02 Ade - 1.77 Adc
AE-22 APM 2 Current 56 0 Adc 2 Adc 0.02 Adc 1.77 Adc
AE-23 PCU 2 Input Voltage 11 0 Vdc 17 Vdc 15.8 V 16.4 V
AE-24 keserve Current 30 0 Adc 4 Adc 0.3 Adc 2.7 Adc 0.15 Adc 3.64 Adc
RTG TEMPERATURES

AR-1 Hot Frame 1 Temp 6 1000° F 1200° F 1060° F 1135° F | 959° F 1138° F
AR-2 Hot Frame 2 Temp 37 1000° F 1200° F 1060° F 1135° F | 956° F 1138° F
AR-3 Hot Frame 3 Temp 52 1000° F 1200° F 1060° F H 961° F 1142° F
AR-4 Cold Frame 1 Temp 7 350° F 550° F ———- ——— INOPERATIVE
AR-5 Cotd Frame 2 Temp 67 350° F 550° F L 460° F 402° F 585° F
AR-6 Cold Frame 3 Temp 82 350° F 550° F 405° F 500° F INTERMITTENT
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TABLE 6-VIIT.- ANALOG CHANNEL USAGE.- Continued

ALSEP 5
BASIC

SYMBOL LOCATION/NAME CHANNEL
CENTRAL STATION DISCRETES
AB-4 Pwr Distribution Status 12 Exper #1 Exper #2 Octal Count
Experiments 1 & 2 of f Off 000 to 002
Standby Off 015 to 021
On off 034 to 041
Off Standby 075 to 106
Standby Standby 11 to 121
On Standby 126 to 137
0ff On 166 to 203
Standby On 204 to 220
On Oon 221 to 237
AB-5 Pwr Distribution Status 14 Exper #3 Exper #4 Octal Count
Experiments 3 & 4 off off 000 to 002
Standby off 015 to 021
On off 034 to 060
off Standby 075 to 106
Standby Standby 111 to 121
On Standby 126 to 156
off On 166 to 203
Standby On 204 to 217
on On 220 to 255
AB-6 Uplink A/B and Power 26 Power Routing
Routing Status Uplink Octal Count Relay Position
| W X
A 035 to 056 PC #2 PC #1
057 to 101 PC # PC #2
B 000 to 002 PC #2 PC #1
TAV 025 to 033 PC #1 PC #2
AB-8 Receiver A Command 9 Octal Count
Subcarrier Status No Modulation 000 to 075
Modulation Present 243 to 365
AB-9 Receiver B Command 17 Octal Count

Subcarrier Status

No Modulation
Modulation Present

000 to
243 to

075
365




ABLE 6-VIII.- AMALOR CHANNEL USARE.- Continued

ALSEP 5
BASIC

SYMBOL LOCATION/NAME CHANNEL
AB-10 DOP X/Y STATUS 70 Octal Count
0DP X ON 160 to 220
DDP Y ON 000 to 025
AB-11 Pwr Distribution Status 73 Exper #5 Octal Count
Experiment 5 - LSP Off 000 to 002
Standby 016 to 021
On 034 to 042
AB-13 APl STATUS 76 Octal Count
APM ON 330 to 375
APM OFF 000 to 325
AB-14 Pwr Dumps 1 and 2 Status 80 PD#1 PD#2 Octal Count
off off 000 to 007
On Off 065 to 107
0ff On 164 to 213
On On 255 to 305
AB-15 Periadic Cammands 86 Octal Count
Enable/Inhibit Status Inhibit 000 to 025
Enable 173 ta 377
AB-16 PC Autoswitch Status 13 Octal Count
Auto Select PC#1 147 to 177
Auto Select PC#2 313 to 377
AB-17 ADP X/Y and Power 90 Power Pouting
Routing Status ADP Octal Count Relay Position
W -
% 035 to 056 PC #2 PC #
057 to 101 PC #1 PC #2
Y 000 to 002 PC #2 PC #1
025 to 033 PC #1 PC #2
AB-18 Uplink Switch Delay 1 Octal Count
Status Next Automatic Switch- 000 to 025
over Epabled
Next Automatic Switch- 173 to 377
over Inhibited




TABLE 6-VIII.- ANALOG CHANNEL USAGE - Continued

SYMBOL LOCATION/ NAME CHANNEL NOMINAL OPERATING LIMITS

HEAT FLOW
AH-1 Supply Voltage 1 (5 v) 29 4.9 to 5.1 vdc
AH-2 Supply Voltage 2 (-5 v) 45 -5.1 to -4.9 Vdc
AH-3 Supply Voltage 3 (15 v) 55 14.7 to 15.3 Vdc
AH-4 Supply Voltage 4 (-15 v) 74 -15.3 to -14.7 Vdc
AH-6 High Conductivity Htr Pwr Status 57 Discrete
AH-7 Low Conductivity Htr Pwr Status 75 Discrete

LUNAR SURFACE GRAVIMETER
AG-1 Tide Signal 10
AG-2 Free Mode Oscillation Signal 23
AG-3 Seismic Signal 39
AG-4 Heater Box Temp 68
AG-5 Instrument Housing Pressure 89 5 to 20 Torr
AG-6 Mass Changing Error Signal 54
AG-7 Oscillator Amplitude 24 1.000 to 3.500 v
AG-8 Power Converter (15 v) 38 14.75 to 15.25 Vdc
AG-9 Power Converter (-15 v) 53 -15.25 to -14.75 Vdc
AG-10 Power Converter (5 v) 69 4.75 to 5.25 Vdc
LUNAR EJECTA AND METEORITES

AJ-1 +5 Volt Supply 83 4.30 to 4.70 Vdc
Ad-2 Sensor Dust Cover Status 83 Discrete
AJ-3 Mirror Dust Cover Status 83 Discrete
Ad-4 Power Supply Monitor 83 0.50 to 0.90 Vdc
AJ-5 Bias Voltage Monitor 83 0.30 to 0.50 v
Ad-6 Up Microphone Temp 84 -10° F to 150° F
Ad-7 East Microphone Temp 84 -10° F to 150° F
AJ-8 West Microphone Temp 84 -10° F to 150° F
AJ-9 Central Electronics Temp 84 -10° F to 150° F
AJ-10 | -5 volt Supply 84 -4.7 to -4.3 Vdc
Ag-11 Survival Temp 85 -50° F to 210° F

LUNAR SEISMIC PROFIL

ING

AP-1 Al Electronics Internal Temp

]

25 4]447

+33° F to 138° F
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TABLE 6-VIIT.- ANALOG CHANNEL USAGE - Concluded

SYMBOL LOCATION/NAME CHANNEL NOMINAL OPERATING LIMITS
LUNAR MASS SPECTROMETER

AM-1 Marker 1D 40

AM-2 Experiment Current Monitor 40

AM-3 lon Pump Voltage 40

AM-4 lon Pump Voltage 40

AM-5 Baseplate Temp 40

AM-6 Ion Source Temp 40

AM-7 +12 v Supply Voltage 40 11.90 to 12.10 Vdc

AM-8 +5 v Supply Voltage 40 4.75 to 5.25 Vdc

AM-9 -12 v Supply Voltage 40 -12.10 to -11.90 Vdc

AM-10 -15 v Supply Voltage 40 -15.25 to -14.75 Vdc

AM-11 Emission Current Monitor 40

AM-12 Filament 1 Current Monitor 40

AM-13 Filament 2 Current Monitor 40

AM-14 Multiplier High Voltage Monitor 40

AM-15 Low Voltage Pwr Supply Temp 40

AM-41 Electronics Temp 41 -50° F to 200° F

AM-44 Sweep High Voltage 44

ALSEP 5
BASIC
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TABLE 6-IX.- LMS MEASUREMENTS
Scientific Measurements
ALSEP (Dynamic) Sensor
Symbol | Location/Measurement Word Frame Range Accuracy
DM-3 | Low Mass (A) Range 17 Every 2 Million Counts 10'5 Amp/Torr
Per Second
DM-4 | Intermediate Mass 19 Every 2 Million Counts 10'5 Amp/Torr
(B) Range Per Second
DM-5 | High Mass (C) Range 21 Every 2 Million Counts 10'5 Amp/Tor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>