
* 


APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE SYSTEMS HANDBOOK 


ALSEP 5 - ARRAY E 


APOLLO 17 


DC-l 

(DOCUMENT CHANGE -­1) 

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. All of this material, both new and 
revised (PCN-l), represents the Apollo Lunar Surface Experiments Package (ALSEP) 
Systems or ACSEP 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 been 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, 
Flight Control Division, Manned Spacecraft Center, Houston, Texas. 

Approved by: 

~.<iJ .,If '/1:;1
fo- James E. rw-r~ 

Chief, Lunar/Earth Exploration Branch 

~c;:~
~gene . Kranz 

Chief, Fl i ght Control Divi si onrc
i i 





* ALSEP 
DC -l 

5 

APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE SYSTEMS 

ALSEP 5 ARRAY E 

APOLLO 17 

HANDBOOK 

OCTOBER 6. 1972 

TABLE OF CONTENTS AND ITEM EFFECTIVITY 

REV/PCN 	 DOC SIGNOFF/ PAGE 
CHG DATEITEM TITLE 	 REMARKS 

SECTION 1 INTRODUCTORY INFORMATI ON 

PAR 1. 1 ABBREVIATIONS AND ACRONYMS BASIC 8/8/72 1-1 

PAR 1. 2 DRAWING SYMBOL STANDARDS BASIC 8/8/72 1-7 

SECTION 2 GENERAL DESCRIPTION 

PAR 2. 1 ALSEP DESCRIPTION BASIC 8/8/72 2- 1 

FIG 2- 1 ALSEP /LM INTERFACE BASIC 8/8/72 2-2 

FIG 2-2 ARRAY E SUBPACKAGE BASIC 8/8/72 2-3 

FIG 2-3 ARRAY E SUBPACKAGE 2 BASIC 8/8/72 2- 4 

FIG 2-4 TYPICAL ARRAY E DEPLOYMENT GEOMETRY BASIC 8/8/72 2-5 

SECTION 3 STRUCTURAL/THERMAL CONTROL SUBSYSTEM 

FIG 3-1 ARRAY E SHORTING PLUG PCN-l DC-l 10/6/72 3-1 

DWG 3.1 SUNSHIELD BASIC 8/8/72 3-2 

DWG 3.2 THERMAL PLATE PCN-l DC-l 10/6/72 3-3 

DWG 3.3 PRIMARY STRUCTURE BAS IC 8/8/72 3-4 

DWG 3.4 THERMAL BAG BASIC 8/8/72 3-5 

DWG 3. 5 CENTRAL STATION SENSORS, HEATERS, AND SIHTCHES PCN-l DC-l 10/6/72 3-6 

SECTION 4 ELECTRICAL POWER SUBSYSTEM 

PAR 4. 1 SYSTEM DE SCRIPTION PCN-l DC-l 10/6/72 4- 1 

DWG 4.1 RTG TEMPERATURE SENSOR LOCATIONS BASIC 8/8/72 4-2 

FIG 4-1 RTG WARt-1UP CHARACTERISTICS PCN-l DC-l 10/6/72 4-3 

DWG 4.2 POWER DISTRIBUTION AND FUNCTIONAL BLOCK DIAGRAM PCN-l DC- 1 10/6/72 4-7 

TAB 4-1 PCU OVER AND UNDER VOLTAGE PCN - 1 DC- 1 10/6/72 4-12 

TAB 4-11 POWER CALCULATIONS BASIC 8/8/72 4-12 

TAB 4-111 PCU RELAY INITIAL CONDlTlONS BASIC 8/8/72 4-13 

TAB 4-IV CIRCUIT BREAKER AND FUSE TABULATION PCN-l DC-l 10/6/72 4-14 

TAB 4-V VOLTAGE OISTRIBUTION AND BUS LOAD ANALYSIS PCN-l DC-l 10/6/72 4-15 

TAB 4-VI COMMANDS CAUSING DELTA POWER DEMANDS BAS I C 8/8/72 4- 16 

TAB 4-VII CENTRAL STATION STEADY STATE POWER DEMANDS ON EACH 

VOL TAGE BUS FROM THE PCU BASIC 8/8/72 4-18 

TAB 4-VIII RELAY DRIVER FUNCTIONS AND INPUT VOLTAGE REQUIREMENTS BASIC 8/8/72 4-19 

FIG 4-2 RTG HOT AND COLD FRAME TEMPS VERSUS RTG CURRENT (TYPICAL) BASIC 8/8/72 4-20 

FIG 4-3 ALSEP 5 POWER DISTRIBUTION BASIC 8/8/72 4-21 

FIG 4-4 POWER DISSIPATION IN CENTRAL STATION BASIC 8/8/72 4-22 

FIG 4-5 RELAY DRIVERS BASIC 8/8/72 4-23 

SECTION 5 COMMAND SUBSYST EM 

PAR 5.1 SYSTEM DESCRIPTION PCN-l DC-l 10/6/72 5-1 

FIG 5- 1 PERIODIC Cor~MAND PULSES BASIC 8/8/72 5- 11 

FIG 5-2 RIPPLE-OFF SEQUENCE PCN-l DC-l 10/6/72 5-12 

PAR 5.2 COMMAND FUNCTIONS PCN-l DC-l 10/6/72 5-13 

FIG 5-3 DELETED PCN-l DC-l 10/6/72 5-54 

TAB 5- I PRE SET AND LUNAR INIT IAL CONDITIONS OF SUBSYSTEI~S PCN- l DC-l 10/6/72 5-55 

DWG 5. 1 COMMAND SUBSYSTEM PCN-l DC-l 10/6/72 5-56 

iii 



AlSEP 5 

DC-1 


APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE SYSTEMS HANDBOOK 10/6/72 (Continued) 

DOC SIGNOFF/ITEM TITLE REV/PCN PAGE REMARKS
CHG DATE 

SECTION 6 TELEMETRY SUBSYSTEM 


PAR 6.1 SYSTEM DESCRIPTION PCN-1 DC-1 10/6/72 6-1 


TAB 6-VI I CHANNEL AND MEASUREMENT ASSIGNMENTS FOR ANALOG 


FIG 6-1 MAIN FRAME FORMAT BASIC 8/8/72 6-5 


TAB 6-1 TIMING FROM DIGITAL PROCESSOR PCN-1 DC-1 10/6/72 6-6 


FIG 6-2 CONTROL AND COMMAND VERIFICATION WORD FORMAT PCN-1 DC-1 10/6/72 6-8 


TAB 6-11 ANAlOG MULTIPLEXER, A/D CONVERTER CHARACTERISTICS PCN-1 DC-1 10/6/72 6-9 


TAB 6-111 DIGITAL DATA PROCESSOR CHARACTERISTICS BASIC 8/8/72 6-10 


TAB 6-IV TIMING AND CONTROL PULSE CHARACTERISTICS PCN-1 DC-1 10/6/72 6-11 


TAB 6-V TELEMETRY SUBSYSTEM POWER REQU I REMENTS PCN- 1 DC-l 10/6/72 6-12 


TAB 6-VI TRANSMITTER CHARACTERISTICS PCN-1 DC-1 10/6/72 6-12 


MULTIPLEXER (ALSEP WORD 33) PCN-1 DC-l 10/6/72 6-13 


6-14TAB 6-VII I ANALOG CHANNEL USAGE PCN-1 DC-1 10/6/72 


TAB 6-IX LMS MEAS UREMENTS PCN-1 DC-1 10/6/72 6-20 


FIG 6-3 LEAM TRANSMITTED WORD FORMAT BASIC 8/8/72 6-24 


TAB 6-X LEAM MEASUREMENTS PCN-l DC-1 10/6/72 6-25 


FIG 6-4 HFE WORD FORMAT PCN-1 DC-1 10/6/72 6-27 


TAB 6-XI HFE MEASUREMENTS, MODE 1 AND 2 GRADIENT AND LOW CONDUCTIVITY BASIC 8/8/72 6-28 


TAB 6-XI I HFE MEASUREMENTS, MODE 3, HIGH CONDUCTIVITY BASIC 8/8/72 6-29 


TAB 6-XI I I HFE MEASUREMENTS, ANALOG PCN-1 DC-1 10/6/72 6-29 


FIG 6-5 LSP TRANSMITTED WORD FORMAT PCN-1 DC-1 10/6/72 6-30 


TAB 6-XIV LSP MEASUREMENTS PCN-1 DC-1 10/6/72 6-31 


TAB 6-XV LSG MEASUREMENTS (36-WORD LSG MAIN FRAME) PCN-1 DC-1 10/6/72 6-34 


FIG 6-6 LSG SHAFT ENCODER MODE (36-WORD LSG MAIN FRAME) BASIC 8/8/72 6-37 


DWG 6. 1 TELEMETRY SUBSYSTEM BASIC DC- 1 10/5/72 6- 38 


DWG 6.2 MECHANICAL ANALOGY OF TELEMETRY COMMUTATIONS PCN-1 DC-1 10/6/72 6-39 


DWG 6.3 CENTRAl STATION AND RTG INSTRUMENTATION DIAGRAM PCN-1 DC-1 10/6/72 6-40 


SECTION 7 LUNAR MASS SPECTROMETER (S205) 

PAR 7.1 SYSTEM DESCRIPTION BASIC 7-18/8/72 
PAR 7.2 SYSTEM OPERATION BASIC 7-28/8/72 


B/B/72
PAR 7.3 DATA HANDLING AND DATA COMPRESSION BASIC 7-4 

TAB 7- I LMS PRESET CONDITIONS BASIC 7-58/8/72 

TAB 7-11 LMS POWER USAGE PCN-l DC-1 10/6/72 7-5 


FIG 7-1 LMS DATA FORMAT FOR ALSEP WORDS 17, 19, AND 21 BASIC 7-6
8/8/72 
FIG 7-2 LMS POWER PROFILE PCN-1 DC-1 7-710/6/72 

FIG 7-3 PRO'GRAMED SWEEP HV POWER SUPPLY TIMING DIAGRAM BASIC 8/8/72 7-8 

DWG 7.1 LUNAR MASS SPECTROMETER SYSTEM SCHEMATIC (S205) PCN-1 7-9
DC-1 10/6/72 
DWG 7.2 LUNAR MASS SPECTROMETER COMMAND/MULTIPLEXING SCHEMATIC PCN-1 DC-1 7-1010/6/72 

SECTION 8 LUNAR EJECTA AND METEORITE EXPERIMENT (S207) 

PAR 8. 1 SYSTEM OEseR I PTI ON PCN-1 DC-l 10/6/72 8-1 

PAR 8.2 SYSTEM OPERATION 
 PCN-l DC-l 10/6/72 8-2 
FIG 8-1 SENSOR LOCATIONS 8-6BASIC 8/8/72 

FIG 8-2 THE BASIC DUAL FILM SENSOR 
 BASIC 8/8/72 8-7 

FIG 8-3 LEAM POWER PROFILE PCN-1 DC-1 10/6/72 8-8 

DWG 8. 1 LEAM SYSTEM SCHEMATIC PCN-1 DC,l 8-910/6/72 

iv 



ALSEP 5
* DC-l 

APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE SYSTEf~S HANDBOOK 10/6/72 (Concluded ) 

DOC SIGNOFF/ITEM TITLE REV/PCN PAGE REMARKSCHG DATE 

SECTION 9 HEAT FLOW EXPERIMENT (S037) 

PAR 9.1 SYSTEM DESCRIPTION BASIC 8/8/72 9-1 

FIG 9-1 HFE POWER PROFILE BASIC 8/8/72 9-2 

TAB 9-1 HFE MEASUREMENT OP TIO NS (MO DES 1 AND 2) BASIC 8/8/72 9-4 

PAR 9.2 HFE MODES BASIC 8/8/72 9-6 

FIG 9-2 HEAT FLOW EXPERIMENT BASIC 8/8/72 9-9 

FIG 9- 3 HEAT FLOW BLOCK 01 AGRAM BASIC 8/8/72 9-10 

FIG 9-4 HEAT FLOW PROBE MEASUREMENT SEQUENCES BAS I C 8/8/72 9-11 

DWG 9.1 HFE SYSTEM SCHEMATIC BASIC 8/8/72 9-12 

SECTION 10 LUNAR SURFACE GRAVIMETER (S207) 

PAR 10. 1 SYS TEM DESCRIPTION PC N-1 DC - 1 10/6/72 10-1 

FI G 10-1 LSG DIG ITAL DATA FORMATS BASIC 8/8/72 10- 8 

FIG 10-2 LSG STATU S AND ENG I NEE RING DATA BASIC 8/8/72 10-10 

DWG 10. 1 LSG SYSTEM SCH EMATI C BASIC OC-1 10/5/72 10- 11 

SECTION 11 LUNAR SEISMIC PROFILI NG EXPE RIMENT (S203) 

PAR 11.1 SYSTEM DE SCR IPT ION BASIC OC - 1 10/6/72 11 -1 

PAR 11. 2 FUNCTI ONAL DESCR I PTI ON BAS IC OC- 1 10/6/72 11 - 2 

FIG 11-1 LSP MAJOR COMPONENTS BAS I C DC-1 10/6/72 11-3 

PAR 11.3 EXPLO SI VE PACKAGE OPERATI ON BASIC DC-1 10/6/72 11-7 

TAB 11-1 TYP I CAL LSP EP DEPLOYMENT PLAN BASIC DC-1 10/6/72 11-8 

FIG 11-2 EXPLOSIVE PACKABE FUNCTIONS BASIC DC-l 10/6/72 11-9 

PAR 11.4 SAFE TY FEATURES BASIC DC-1 10/6/72 11-10 

FIG 11-3 EXPLOSIVE CHARGE SAFETY MATRIX BASIC DC- l 10/6/72 11- 12 

FIG 11-4 LSP POWER PROFILE BASIC DC-1 10/6/72 11-1 3 

DWG 11.1 LSP CENTRAL STATI ON ELECTRONICS BASIC DC-1 10/5/72 11-14 

OWG 11.2 LSP EXP LOSIVE PACKAGE BASIC DC-l 10/5/72 11-15 

v 





INTRODUCTORY 
INFORMATION 



AlSEP 5 
BAS IC 

SECTION 1 

INTRO~UCTORY INFORMATION 

1.1 ABBREVIATION S AND ACRONYMS 

NOTE 

Due to reduction requiremen t s, acronyms 
whi ch would normally be in a l ower case, 
for example, "dc ," will appear in upper 
case on drawings. The text will, how­
ever, conform to NASA s tandards. 

ac alternating curre nt 


ACCPT accept 


ACK acknow1 edge 


A/DC ana10g-to-digita1 converter 


Adc amperes dc 


ADO address 


AGC au tomat ic gain co ntrol 


Al HT Apo ll o lun ar hand tools 


ALIGN al i gnmen t 


ALSO Apollo lunar surface drill 


AlSEP Apo ll o lunar Surface Experirnents Package 


A/ F a utoma t i c/ forced 


AMP amplifier 


At~PS amperes 


AN T an tenna 


APP approximate, approximately 


ARM armed 


ASC asce nt 


AS I Apo llo sta ndard initiator 


AUTO automa ti c 


AZ azimuth 


B1 bottom loca ti on of structure temperature 


BAS base 


BER bit errOr rate 


BPS bi ts per second 


centigrade 


CAL calibra te 


CALC calcula t ed 


CB circui t breaker 


CBl cable 


CCGE/ A ~ 

CCGE/D ~ analog and digital 10 readout from CCGE 

CC IG Co l d Cathode Ion Gage (instr ument portio n of CCGE) 

CCW cou nterc l ockwise 

CH channel 

CH change 

ClD co ld 

CMD command 

CNT count 

CNTS counts 

CNTR counter 

COMM communi ca ti ons 

CONV converte r 
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CPS 

CS 

CTL 

CUR 

CVR 

CVR/ S 

CVfJ 

CW 

db 

dbm 

dc 

DDP 

DEC 

DECR 

DEF 

DEG 

DESC 

DET 

DIG 

DIR 

DJ R/ V 

D I SS JP 

DlAY 

D/P 

DPlY 

DRT 

DSS 

DSS/ A 

DSS/ D 

DSS/ PROC 

EGFU 

ENBl 

ENGR 

EPS 

eV 

EXP 

EXT 

FET 

FILT 

FlD 

FREQ 

FTT 

FHD 

GDT 

GEO 

GlA 

GMBl 

GND 

GT 

ALSEP 5 
BASIC 

cyc 1 es per second 

centra1 station 

control 

current 

covel~ 

cover and seal (used on SIDE) 

command verification word 

clochlise 

decibels 

decibels with respect to one milliwatt 

di rect current 

digital data processor 

decoder 

decrease 

defl ecti on 

degrees 

descent 

detector 

digita 1 

direction 

direction and speed (used on PSE) 

dissipation 

delay 

data processor 

deploy 

dome remova 1 too 1 

Data Subsystem 

Anillog Data Processor 

Digi ta 1 Data Processor 

Comp 1ete Da ta Processor (Redundant) 

Electronics/Gimbal-Flip Unit 

enab 1 e 

engi neeri ng 

El eetrical Power System 

e 1 ec tron vo lts 

experiment 

externa 1 

fuse 

Fahrenhei t 

field effect transistor 

filter 

field 

frequency 

fuel transfer tool 

for>Jard 

gradient sensor del ta temperatures (HFE) 

geophone 

Grenade launch Assembly (a component of ASE) 

gimba 1 

ground 

gradi ent senSOr ambi ent temperatures (HFE) 
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HBR 

HE 

HECPA 

HF E 

HI 

HTR 

HS 

HV 

Hz 

IN 

INCR 

IND 

INHIB 

lNIT 

INST 

INSU L 

INT 

K 

kbps 

kc 

kHz 

kV 

LAT 

LBR 

LEAM 

LECPA 

LIM 
LM 

LNS 

LO 

LONG 

L/O 

LOS 

LP 

LSB 

LSD 

LSG 

LSP 

LVL 

mA 

mAdc 

MAP 

MAX 

Mc 

MCC 

MOE 

~1EAS 

MeV 

MHz 

high bit rate 


high explosi ve (ASE grenades) 


High-Energy Cur ved-Plate Anal yz er (a component of SIDE) 


Heat Flo;, Experiment 


hi gh 


heater: On HFE there are two cases: 


HTR/ HK High Conduct ivi ty Heater 

HTR/ LK Low Conductivity Heater 

heat sink 

high voltage 

hertz 

identi fication 

in put 

increa se 

indication 

inhibit 

init iate 

instrument 

insulation 

internal 

Ke l vi n 

kilobits per 

kilocycles 

kilohertz 

kilovolts 

latitude 

low bi t rate 

seco nd 

Luna r Ejecta and Meteori te Experiment 


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


1imit 


Lunar Modul e 


Lunar Mass Spectrometer Experiment 


low 


longitude 


l ocal oscillator 


loss of signal 


long period (PSE sensors) 


least significant bit 


least significant data 


Lunar Surface Gravimeter Experiment 


Luna r Sei smi c Pro fil i ng Experi men t 


1evel 


milliampere 


mi 11 i amperes dc 


message acceptance pulse 


maximum 

megacycle 

Mission Control Center 

mode 

measurement 

million electron vo lts 

megahertz 
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MIN 
noc, 
~lOD 

I~ODE 

inS 

:.ISO 

MSD 

~SP 

iHR 

MUX 

mV 

I'MI cn,z 

nA 

N/A 

NBR 

NEG 

NOR'1 

rmzc 

OPEP 

OIS 

OSC 

OIT 

OUT 

PA 

pA 

PGl 

PeT 

PCU 

PDiQ 

POR 

PDU 

rET 
PHYS 

PKG 

PL 

PL T 

P'1 

PO~ 

POSN 

PREl L 1M 

PRE( REG 

PR I 

PIS 

PI4R 

PCVD 

ALSEP 5 
BASIC 

minimum 

11ission Oi' eration" C:;ntrol Rnum 

module 

oper.Jt· fln modes .-,r" Jdin ed as fnl h\;s: 

!,~ Hr[ 

t10DElG gradi ent "".ode 
MODUHK high conrillrtivi ty mode 
tIODE.'U: low cnnct' ,ct,ivity mode 

mi 11 i second 

most signif icant bit 

mas t s ioni fi can t do tJ 

mea suremen t sequence pn1\1 ramer 

11anned Space Fl i gh t ['et .Jork 

motor; on pO,E, the three rio tors are tHRX, MTRY. and 11TRZ 

multipl ?xp. r Or 011l1 "Liplex 

mi 11 i volts 

milliwatts per square centimeter 

nanoamperes 

not applicable 

norma 1 bi t ~a te 

negative 

norma 1 

Non- Return to Zero Type C (Change) 

opera te 

offset 

o, cill"tor 

onp.- time 

output 

power amnl ifier 

pi coan'oeres 

pulse code modulation 

percent 

POl·:er C01d ; tlrn;nc IJni~ 

Power Dissipation tlodule 

pnwer dissipation resistor 

p.'>Jor Distribution Unit 

packa~e elapsed time 

phys i co I; on CP E used as fo 11 O>1S: 

PHY/AH Physi cal Analyzer (sensor assembly) 

package 

pl ane 

p 1 a te 

phase modulation 

positiv~ 

position 

prel imiting 

prerpqulator (a con-·pnne·,t of the SIDE power supply) 

rrimary; on ALSEP us,'ct ,I S follows: 

PRI(ST primary structure 

power supply 

rOl'ler 

resistor (used as Rl and R2) 

rece i ved 
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RCVR receiver 

ROT ring sensor delta temperature (HFE) 

REF reference 

REG regulator (also used ft' "register" on ALSEP) 

REV reverse 

R F rad i 0 frequency 

RLY relay 

R/S remote site 

RST reset 

RT rate (as in BIT RT, CNT RT, etc.) 

RT ring sensor ambient temperatures (HFE) 

RTC real-time command 

RTE real-time event 

RTG Rad io isotope Thermoelectric Generator 

SCI scientific 

SEC second 

SEL select 

SEQ sequence, sequenti a1; used on HF E as: 

SEQ/FUL Full Sequence 

SEQ/Pl Probe Sequence 

SEQ/P2 Probe 2 Sequence 

Used on ASE as: 

SEQ/S Sequent i a 1 Si ng l e 

SEQ scientific equipment 

SIG si gna 1 

SLA Spacecra ft Lunar Modul e Adapter 

SNSR sensor 

SP short period (PSE sensor) 

SPST single pole single thro'l 

STA s ta tus 

STBY standby 

SIS samples per second, signal strength 

SIT s tructura 1/ therma 1 

SY NC synchroni za t i on 

SW switch 

SUP supply 

SYS system 

temperature (also used as "thermal" on ALSEP) 

TC thermocouple (o n HFE, four cable ambient temperatures are read on each probe) 

T/O time delay 

TEMP tempera ture 

THERM therma 1 

TM tel emetry 

UHT Un i versa 1 Handl i ng Too 1 

USB un i fi ed S-band 

volts, velocity (used t o indicate "speed" on PSE in "LVL OIR/V") 

Va € vol ts ac 

Vdc vo lts dc 

VCO voltage controlled oscillator 

V/F ILT Veloci ty Filter, a component of SI DE 

VWE verifi ca t i on word enable 
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w 
tn, W2. ,13 

\.~tts 

wall locations of structure temperature sensors 

X~\TR 

XTAL 

XYZ! 
XYO , 

transmitter 

crystal 

axes of LSM , where XYO 

X. or Y. or neither 

indicates 

phase 
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1.2 DRAWING SYMBOL STANDARDS 

1 .<. 1 GENERAL DRAWING INFORMATION 

A. ZONE RE FE RENCE 

1I0RiZONTAL COORDINATE~ Z ..,r-VERT iCA L COORDINATE 
A I 

XX.X _ WHEN THI S NUMBER 

APPEAR S, IT REFERS 
TO ANOTHER DWG. 
WHEN THERE IS NO 
NUMBER , THE ZONE 
REFER S TO ANOTH ER 
AREA ON THE SAME 
DWG. 

B. 	 POWER INTRA-DRAWING ZONE REFERENCE 

TO POWER _.. -	 0
LOAD 

FROM POWER 
SOURCE0 --"­

C . SYSTEM INTERCON NEC T 

-0 

D. DRAWING NOTE REFERENCE 

1.2. 2 LINE LEGEND 

A. RF CABLE 

B. ELECTRICA L LINE, POWER AND CONTROL 

1. ELECTRICAL , CONNECTED 

+­

AL SEP ? 
BASIC 

2 ELECTRI CAL, CROSSOVER 

- 1­
C . DIRECTIONAL FLOW ARROWS 

D. COMPONENT ENCLOSURES ~ T YPICAU 

XXXXXX ---......-TlTLE 
<D IRECTOR Y TYPE; 

I. 	MAIN ENCLOSURE 

1 ' 1 b - INCH SOLID BLACK LINE 


2 . SUB ENCLOSURE 
1/ 32-INCH SO LID BLACK LINE 

3. 	COMPONENT ENCLOSURE WITH CREW (MANUA L CONTROU. __ 

1/ I b- INCH DASHED BLACK LINE 

4. 	EXPERIMENT INTERFACE 


1/ 8-INCH DASHED BLACK LINE 


EXPERIMENT : ALSEP
•• 

E . MECHANICAL LINKAGE 

F . TIMING PU LSES 

El-< HZ>-- -- -- ­

G. TWO-UN IT INTE RFACE 

1-7 



-- -

1.2.3 TELEMETRY SYMBOLS 

A . MEASUREMENTS TELEMETERED 

MEASUR EMENT NUMBER 

MEASUREMENT NAME 

PARAMETER RANGE 
CHANNEL OR NOTE ~ NOT USED IN ALSEP 

1' . METERS 

C. SINGLE SOURCE SENSOR 

OUTPUT 
IPOWER) T = TEMPERATURE~ I = CURRENT~ 

E=VOLTAGE 

D. COMMANDS 

~_ COMMAND NUMBER 

C. RELAYS1.2.4 ELECTRICAL SYMBOLS 

1. MOMENTARY CONTACTSA. SWITCHES 

1. MOMENTARY CONTACT 
~ 

..4'---_­

2. LATCHING CONTACTS 

2. LATCHING CONTACT 

3 NON-LATCHING RELAY 
. SHOWN IN DE-ENERGIZED 

POSITION 

3. SO LID PUSHBUTTON 

~ I(PUSH TO OPEN) 

-----ti ­ ~ 
14 

~ NOMENCLATURE.!..B LOGIC NO. 

4. LATCHING RELAY
B. FUSES 

MA o 
~ 
I­
~-.2 NOMENCLATURE 

LOGIC NO. 

1-8 
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D. 	 RELAY OR SOLENOID DRIVER 

POWER 

E . BUSES 

1. SYMBOL :LENGTH MAY VARY) 

-.. f-

BUS FEED BUS OUTPUT NEG BUS 

2. DESIGNATION 

F . GROUNDS 

1. SYS TEM 

2. FLOATING OR CONTROL LED 

6, X X -+-- NAME 

E 
G. TRANSFORMERS ",,- CORE 

POLARIT Y DOT S ~ II • INDICATE OUT-.!3 OF PHASE 

POLARITY DOTS 
INDICATE IN 
PHASE 

H. CAPACITOR 

I. DIGITAL INVERTER 

J. GATE S 

1. AND 

2. NAND 
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5 . OR 

W. ANTE NNA 

:TYP E O~AMEFUNCTlON ~ 

4 NOR T 
X. PHOTOELECTR ICCELL 

TIME DELAY 
P . NON-AMPLIF

IDENTIFIED YING DEVICE, 

~ 
~ 

Y . AMP LIFIER 

DIODE S WR 

INPUT 
L . ELECT RICAL F ILTER J . GE NE RAL INPU T ~ IN VERT ED OUTPUT 

INPUT 

2. ZEN ER 

3. CON TRO L RECTIFIER 
-{>-­

M. MODULATOR 
DC, PRE­ ORAS INDICATED BUFFER AMPLIFIER 

POTENTIOMETER 
Z. CIRCUIT BREA KERS 

1. AUT OMA TI C 

N DEMODULATOR T ----0-------­0--­

S . HEATER 2. TWO-POLEAUTOMATIC DOUBLE-THROW, 

O. T RAN SIS TO RS ~ 
1. NPN 

XXX WATTS 

T FI XED RES IS TOR 

XXX RATING 

----'V\f\--­

NOTE : WHEN SHOWN 
HEAT SINK MO' HS DENOTES 

UNTED 
U . THERMISTOR 1. 2 . 5 PYROTEC HNI C S YMBO L S 

2 . PNP . 

A EXPL OSIVE INITIATOR 

V. THERMOSTAT 

3 UNIJUNCTION1f'''"<WH ~ RANGE XXX 
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] .2.6 SPECIAL ALSEP SYMBOLS - ,. 

A . AS TRO SWITCHES 

J. IISTRONAUT SWITCH J r----------.,
I 
IRTG(I; __ 

----r-~o--

• 
I 

RTG LINE Ii; 

rcu 2 SeLECT RELAY DRIVER 

CW ROTATION OPE NS RT r-
LINE AND SIMIIL Tllrl f.OU ' L Y 

I 
I 

APPLlE" POWER TO PCU 2I SELECT RE LII',' .'RIVER CIIUSING 
I TRANSFER Tf, I CU ? CCW 
I ROTATION CLO';l '> RTG LINE , 
I TIIlI <; APPLYING POWER TO 
I re u 2 . SHOWN IN THE 

I SPRING·LOADED CCW POSITION. 

I 

2, ASTRONAUT SWITCH 2 r----------., 
+29VDC __ 

----.----icY'"' PWR LINE TO LSP 
ee-------,r---------------------­

AS TR ONAUT ROTATES CW 
TO ENABLE LSP +29VDC 
OPERATIONAL POWER LINE 
AND CCW ro INHIBIT LSP. 
SHOWN IN CCW POSITION . 

AS TRO SWI TCH 2
L __________ .J 

B. HEAT FLOW EXPERIMENT PROBE SECTION 

THERMOCOUPLE ______~~f2~-----------------------------..t COMMON 

HEATER POWER IN PUT 

GRADIENT SENSOR BRIDGE EXCITATION VOL TAGE 

RING SENSOR BRIDGE EXCITATION VOLTAGE 

<-r------- GRADIENT SENSOR 

LI"i~----- RING SENSOR 

_____ HEATER 

~ HEATER POWER INPUT 

GRAD IENT SENSOR BRIDGE OUTPUT VOL TA GE 

RING SENSOR BRIDGE OUTPUT VOLTAGE 

H~ATER POWER RETURN 

]-] 0 
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BASIC* 	 SECTION 2 

GENERAL DESCRIPTION 

2, 1 	 AlSEP DESCRIPTION 
The Apollo Lunar Surface Experiments Package (ALSEP 5) Array E 
sysfem';consistsof five scientific instrumentsto be placed on 
themobn's surface by the Apollo 17 flight crew. The instruments 
have been designed to remain on the moon to collect and transmit 
data continuously for two years. The design goal for ALSEP 5 is 
five years. 

For self-sufficient operations, the ALSEP 5 package includes a 
nuclear power supply, mechanical support, thermalp~otection, 
and data handling equipment. These supporting subsystems provide 
a central station containing the electrical power, command, 
telemetry, and structural/thermal subsystems. The central 
station operates the following experiment subsystems; lunar 

, surface gravimeteri lunar mass spectrometer, lunar seismic 
prbfilin~; lunar ejecta and meteorites, and heat flow. 

With the exception of heat flow, the only experiment flown 
previous to Apollo 17, ALSEP 5 experiments represent the second 
generation of lunar scientific measurement. 

2-1 
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PROBE NO 2 
HFE PROBE NO I 

LSP '<'-1-8-'- i -Z-·TI"'8c-, -!-2-'-':' ( TOO LI 
REMOTE ANT 

I 
27 . 5' .!; 2.5 ' 

37' ± 7 ' . 
LMS 

'~SG 25' ! 5' 

""-....S,P NO I 

, 25' ! 5' (FIELD OF VIEW 

30'! 5· "-....\ LEAM)I 
' ~ LEAM )FLAG LSP FLAG .• "-.... FLAG 

t 150' ! 15' G~OPH. MODULE ; " 150' • 15' J 
GEOPH . GEOPH ."-I. 

NO INO 2 I., 
.,I 

8 8' ! 8 ' 

,I 

I,F LA G . 
G EOPH . 
NO 3 ,I , 

, 
I, 
I, 
I 
, 

LM 2 300' 

260' =. 26' 

,I , 

5 .2 0 

I SUNLINE FLAG 
I 
/GEOPH . 
NO 4 

Figure 2-4.- Typical array E deployment geometry. 
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Figure 3-1 .- Array E shorting plug. 
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ALSEP 5* BASIC 

4. 1 . 1 

4.1.2 

SECTION 4 
ELECTRICAL POWER SUBSYSTEM 

SYSTEM DESCRIPTION 
The electrical power subsystem provides the electrical power for 
lunar surface operation of the ALSEP. Primary electrical power 
is developed by thermoelectric action with thermal energy 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 
B. 	 Voltage regulation 
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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Figure 4-1. - RTG warmup characteristics. 
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conjunction with the APM maintains the input voltage within 
approximately ±l percent by maintaining a constant load on the 

RTG. I P-l 

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 i P-l 
-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 voltaqe. 
The voltage regulator's resistive load (3.3 ohms) is inside the I P-l 
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 3D-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. 
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There is a hysterisis in the temperature control so that once 
the APM is turned on it will not shut off until the temperature 
is below 60° F. 

The VR/APM also generates the ripple-off logic signal. The ripple­
off signal is a logic "l" where there is sufficient reserve power 

to operate the experiments and logic "0" when an overload occurs 

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

If the overload exists for 121 ms, then the ripple-off circuitry I P-l 

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 later). 

4.1 .3 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. 
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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 anyone time, tile 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. 

4.1.3.1 	 Temperature sensor circuit.- Operational amplifiers are used to 
amplify the outputs for the RTG hot and cold junction temperatures. jP-l 
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 Ip-l 
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 $ignal is taken across the ' 
sensor, providing a linear response from -300° to +300° F. 
(Refer to Section 3 for sensor locations.) 

Thermistor sensors are provided to monitor temperatures within 
the central station and sUbsystems. The sensor ranges are between 
-50° and +200° F (Se€ Drawing 3.2). 

4.1.3.2 	 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 ~otential, thus actuating relay 
drivers and their associated relays. 

A. 	 Experiments 

Three transistorized relay drivers, magnetic latching relays, 
and one magnetic latching relay acting as an overload sensor 
(circuit breaker) perform the control and circuit protection . 
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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 position and relay number 2 to the position 
that opens the standby power line 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) I P-l 
exist through the sensing coil in series with the experiment 
operate power line, the contacts of the sensing relay break 
the standby select command line 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 redundant circuits in each PDU for experiment 
power control. 
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B. 	 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. 

C. 	 Digital Data Processors (DDP) 

The digital data processor power control is switched by one 
standard magnetic latching relay. Only the +5 V power is 
s~itched 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 rnA) by one DDP trips a Ip-l 
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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. 

D. 	 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 UPLIN K. 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 (Kl, 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 anyone 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 Kl 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 Kl if PCU 2 is in use. 

E. 	 Power Dissipation Module (POM) 

In the POM there are two power dump resistors (POR'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. 	 POR 1 ON (CMO 017) , 
2. 	 POR 1 OFF (CMD 021) 
3. 	 POR 2 ON (CMO 022) 
4. 	 PDR 2 OFF (CMD 023) 

Either PDR can be commanded ON or OFF independently of the 
other. POR 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 

PDR 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 PCUls and initiates PCU switch­
over when the voltages vary outside the following limits.] 

BUS SENSING 
CIRCUIT 

VOLTAGE 
LEVEL 

TIME 
DELAY 

+12 V 
Over Voltage +13.2 ± 0.25 V 5 ms 

Under Voltage +10.8 ± 0.25 V 300 ± 50 ms 

-12 V 
Over Voltage -4.7 V 300 ± 50 ms 

+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 

TM symbol Resultant (Watts) 
(AE-3 )(AE-4) = PCU 1 input power 
(AE-23 )(AE-4) = PCU 2 input power 
(AE-3)(DA-8) = PCU 1 reserve power 

(AE-23)(DA-8) = PCU 2 reserve power 
(AE-21)2 x 8.20 ohms = APM 1 dump power 
(AE-22)2x 8.2 ohms = APM 2 dump power 
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TABLE 4-111.- PCU RELAY INITIAL CONDITIONS 

[Initial condition is defined 

at time of activation on 

as the relay position~ 

the lunar surface] 

INITIAL CONDITIONMONITORFUNCTIONRELAY 

PCU 1 selected 

K-02 

AE-3PCUselectK-Ol 
PCU 1 auto sw sel 

K-Ol, K-02 
AB-16PCU auto switchover 

PDR 1 off 


K-03, K-04 


AB-14PDR 1 select 
PDR 2 off 

K-Ol, K-02, K-04' 
AB-14PDR 2 select 

ADP X select 

K-03 
AB-17ADP select 

Primary pwr routing 
(W routing) 

K-Ol 

AB-17Power routing 

DDP X select 

K-02 
AB-1ODDP select 

Xmtr A on 
K-Ol 

Xm t r A s e 1 e c t AE-17 
AE-18 Xmtr B off 


K-Ol, K-02 

Xmtr B select 
LMS power control LMS off 


K-Ol , K-02 

AB-4 

LEAM off 

K-Ol, K--02 


LEAM power control AB-4 
HFE off 


K-Ol, K-02 

HFE power control AB-5 

AB-5 'LSG power control LSG off 

K-Ol, K-02 
 LSP power control AB-ll LSP standby* 

*Standby power is not connected to LSP. 

" 
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TAB LE 4-IV.- CIRCUIT BREAKER AIW FUSE TABUL ATIO I~ 

"UrlBER RATING CURRENT 
EXPECTED 

CE -Ol 51J - 630 mA 560 mA 

CB-Ol 510 - 630 mA 560 mA 

CB - Ol SID - 630 rnA 560 mA 

CB - Ol 510 - 630 mA 560 mA 

CB-Ol SI D - 630 mA 560 mA 

CB -04 300 - 360 rnA I 58 rnA 

CB-Ol 300 - 360 mA 58 mA 

CB-05 300 - 360 mA 78 mA 

CB -D6 135 - 165 rnA 4 mA 

CB ­ 02 300 360 mA 78 mA 

CB-03 135 - 165 mA 4 mA 

CB-D2 240 - 300 rnA ISO mA 

CB-Ol 240 - 300 mA 150 mA 

CB-Ol 135 - 165 mA 13 mA 

CB-02 300 - 360 mA 65 mA 

CB- D3 135 - 165 mA 33 mA 

CB - 04 135 - 165 mA 13 mA 

CB-05 300 - 360 mA 65 mA 

CB-06 135 - 165 mA 33 mA 

CB - Ol 630 - 750 mA 300 mA 

CB ­ 02 135 - 165 mA 10 mA 

CB-03 630 - 750 mA 300 mA 

F-Ol I A 545 mA 

F-Ol I A 545 mA 

F-Ol 1 A 545 mA 

F-01 I A 545 mA 

F-Ol I A 32 1 mA 

F -02 2 A 641 lOA 

TRIP SUBSYSTEl-i CIRCUIT EFFECTCuvo ENT 

60G ~f~ L;·\S opera t e +29 VDC Li-iS ln strument overl oad ca uses CB to place LMS in s tandby. 
CB is self-resetting. 

606 mA LEAI~ opera t e +29 VDC LEAr! instrument over l oad causes CB to pl ace LEAH in stand­
by. CB is se lf -resetting. 

606 mA HFE opera te +29 VOC HFE ins trument over l Dad caus es CB to pI ace HFE in sta ndby. 
CB i s self -resetting. 

606 mA LSG opera te +2 9 VDC LSG ins trument over l oad caus es CB to pI ace LSG in stand by. 
CB is self-resetting, 

606 mA LSP opera te +29 VOC LSP instrument ov erl oad causes CB to pl ace LSP in s tandby. 
CB is self- resett ing. 

350 rnA Recei ver A, +12 VOC Receiver A or Command Decoder A ove rload ca uSes CB t o 
Co","and De- switch po>,er to Up l i nk B. CB ; s reset when Up link A is 
coder A sel ected. 

350 mA Receiver 8, + 12 VDC Reee; ver B or Command Decoder B over l oad causes CB to 
COI!l11 and De ­ "'itch power to Up link A. CB i s reset when Upl ink 8 i s 
coder B se I ec ted . 

350 rnA Command +5 VOC Command De coder A over l oad ca uses CB to swi tch power 
Decoder A to Uplink B. CB i s reset wilen Upli nk A i s se lected. 

150 mA Co mmand - 12 VDC Co mmand Decoder A ov erload ca uses CB to sw itch power t o 
Decoder A Uplink B. CB is res et wh en Upl ink A is se lected. 

350 mA Comma nd +5 VDC Command Decoder B overload causes CB to swi tch power to 
Decoder B Upli nkA. CB is reset when Up link B is se I ec ted. 

150 mA Command -1 2 VDC Command Decoder B overload caus es CB to swit ch po wer to 
Decoder B opl i nk A. CO is reset "hen Upl ink B i s selected. 

270 rnA Digital Da ta +5 VDC DDP x overload ca uses CB to swi t ch power to DDP Y. CB is 
Processor X self-resetting. 

270 mA Di gi t a I Da ta +5 VDC DD P Y overl oad causes CB to swi tch powe r to DDP X. Co is 
Proces sor Y ~elf -resett ing . 

150 mA ADP Y + 12 VD C AOP Y over l oad causes CB to swi tch power to ADP X. CB i s 
re set when ADP Y is se l ected. 

350 mA ADP Y +5 VDC ADP Y overload cau ses CB t o swi tch power to ADP X. CB is 
rese t when ADP Y i s se lected . 

150 mA ADP Y -12 VDC ADP Y overlo ad causes CB to sw; tch power to ADP X. CB i s 
reset when ADP Y is selected. 

150 mA ADP X +12 VDC ADP X overload ca use s CB to swi t ch power to ADP Y. CB i s 
reset whe n ADP X i s selected. 

350 mA ADP X +5 VDC ADP X overlo ad causes CB to swi tch power t o ADP Y. CB is 
reset wh en ADP X is sel ected. 

ISO mA ADP X -1 2 VDC ADP X overload causes CB t o swi tch power to ADP Y. CB is 
reset when AOP X is se I ec ted. 

760 mA Transmi tter B +29 VDC Transmi tter B overload ca uses CB to remove power from 
Transm i tter B. CB is self-resetti ng. 

150 mA Transmitter B +12 VDC Diplexer over l oad cause s CB to remove power from Trans­
(Diplexer SW) mi tter B. CB is self -resett ing. 

760 mA Transmi tter A +29 VDC Transmitter A overl oad causes CB to remove power from 
Transmitter A. CB is self-resetti ng . 

I A LMS Standby +29 VDC A blown F-Ol 'Ilill perma nen t 1 J disable the LNS STBY ca pab i lity. 

I A LEAf! Standby +29 VDC A blown F-Ol wi 11 perma nen t I y disable the LEAM STBY capabi lity . 

I A HFE Standby +29 VDC A blm·m F- Ol wi II permanentl y disable the HFE STBY capabil ity. 

I A LSG Standby +29 VDC A blown F-01 wi II permanently disable the LSG STBY ca pabil ity. 

I A POR I +29 VDC A bl own F-01 wi ll di sconnec t th e 7 -wa tt dump res i S t or. 

2 A PDR 2 +29 VDC A bl O\·/O F-02 will disconnect the 14-watt dump re sistor. 

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

VOLTAGE BUS CIRCUIT ! WATTS PROTECTION 

r +29 VOC LMS ON 11.0 CB-Ol, 510 - 630 rnA 

LMS STBY 7.5 F-Ol, 1 AMP 

LEAM ON 6.6 CB-Ol, 510 - 630 rnA 

LEAM STBY 5. 0 F-Ol, 1 AMP 

HFE ON 10.7 CB-Ol, 510 - 630 rnA 

HFE STBY 4.2 F-Ol, 1 AMP 

LSG ON 8.75 CB-Ol, 510 - 630 rnA 

LSG STBY 4.3 F-Ol, 1 AMP 

LSP ON 6.97 CB-Ol, 510 - 630 rnA 

XMTR A 8.90 CB-03, 630 - 750 rnA 

XMTR B 8.74 CB-Ol, 630 - 750 rnA 

PDR 1 7.0 F-Ol, 1 AMP 

PDR 2 14. 0 F-02. 2 AMP ~ 
PCU SEE GRAPH 

PDU VARIABLE 

1---+-- -V-O-C--+-C-M-O-O-E-C- A-O-R-B-1- - ·--.0-5---+-C-B-- 01 and CB-04,
12 0 

300 - 360 rnA I I P-l 
OIPLEXER SW 0.10 CB-02, 135 ~ 165 rnA i 
ADP X OR Y 0.73 	 CB-Ol and CB-04, 

135 - 165 rnA 

PCU SEE GRAPH 


RECEIVER A 
 0.72 	 CB-04, 300 - 360 rnA 
I P-lRECEIVER B 0.76 CB-Ol, 300 - 360 rnA 

TEMP SENSORS NEGLIGIBLE NONEf------ - +-- - - ---+-- - - ---+---- .-_ ________ , 
+5 VDC CMO DEC A OR B 0.56 	 CB-02 and CB-05, I 

300 - 360 rnA i 
ADP X OR Y 0.23 	 CB-02 and CB-05, 

300 - 360 rnA 

DDP X OR Y 0.57 	 CB-Ol and CB-02 
240 - 300 rnA 

PCU SEE GRAPH 


PDU 
 0.08 


RELAY DRIVERS I NEGLIGIBLE NONE 

·--1--·- ··--···- -- -- f-... - -- -- ... .- ._. - ........ ---... ­

-12 VDC CMD DEC A OR B I 0.06 CB-03 and CB-06,
I 135 - 165 rnA 


I ADP X OR Y 0. 42 CB-03 and CB-06,
i 135 - 165 rnA

Ii PCU : SEE GRAPH 
- . ---_··_------'------ - --'------'------- --- _.• _.__1 

4-15 



* 

TABLE 4-VI.­ COMMANDS CAUSING DELTA POWER DEMANDS 

ALSEP 
BASIC 

5 

Tabulation of 6P caused by command execution 
assuming the fo 11 owi ng conditions exist: 

Transmitter A OFF 
Transmitter B OFF 
PDR 1 OFF 
PDR 2 OFF 
LMS OFF 
LEAM OFF 
HFE OFF 
LSG OFF 
LSP OFF 

APM OFF 

The ALSEP subsystems wi 11 demand electrical 

power from the PCU in the following amounts: 

POWER (WATTS} 
DAY NIGHT 

Receiver A or B 0.90 0.90 

Cmd Dec A or B 0.65 0.65 

ADP X or Y 0.86 0.86 

DDP X or Y 1. 36 1.36 

PDU 1.75 2.50 

Harness Losses 0.30 0.35 

PCU Losses 5.73 7.54 

Tota1 11 .55 14.16 
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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 

tota1 1 oadi ng. PCU conversion losses increase with loading. 

DELTA POWER (WATTS) 

COMMAND DAY NIGHT 

012 XMTR A ON 9.00 9.00 

015 XMTR B ON 9.10 9.10 

017 PDR 1 ON 7.00 7.00 

022 PDR 2 ON 14.00 14.00 

036 LMS ON 10.01 11 .001 

037 U~S STBY 7.50 7.50 

042 LEAM ON 3.16 6.60 

043 LEAr~ STBY 5.00 5.00 

045 HFE ON 3.90 10.70 
046 HFE STBY 4.20 4.20 
052 LSG ON 2.75 2 8.75 2 

053 LSG STBY 4.30 4.30 
055 LSP ON 5.30 5.30 

1. Includes 1.5 watt backup heater. 

2. LSG proportional heater accounts for ~ of 6 watts day to night. 
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TABLE 4-VII.- CENTRAL STATION ST EADY STATE POW ER DEMANDS ON EACH VOLTAG E 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. Xm tr A protection: +29 VDC, CB-03 

Xmtr B 8.74 W 8.74 vi CMD 015 turns Xmtr B ON and s upplie s power to Dip1exer. 
protection: +29 VDC, C8-01. Diplexer protection: +12 

Xmtr 8 
VDC, C8-02. 

Dip1exer 0.10 W 0.10 W CMD 
CMD 

013 turns 
014 turns 

Xm tr A OFF. 
Xm tr 8 OFF and Di p1exer OFF. 

Receiver A 

Receiver B 

0.72 W 

0.76 W 

0.72 IV 

0.76 W 
UPLINK A and UPLINK 8 each require a maximum of 1. 43 W 
and are alternately selected by CMD 122 UPLINK SWITCHOVER. 
UPLINK A protection: +12 V, C8-04; +5 V, CB-05; -12 V, C8-06. 

Command 
Decoder A 0.04 W 0.04 W 0.56 W 0.64 W 

UPLINK 8 protection: +12 V, C8-01; +5 V, C8-02; -12 V, C8-03. 

Command 
Decoder B 0.05 W 0.06 W 0.56 W 0.67 W 

ADP 

ADP 

X 

Y 

0.73 W 

J.73 W 

0.40 W 

0.42 W 

0. 23 W 

0.22 W 

1. 36 W 

1. 37 W 

CMD 024 se lects ADP X. ADP X protection: +12 V, 
CB-05; -12 V, CB-06. CMD 025 selects ADP Y. ADP 
tion: +12 V, CB-01; +5 V, CB-02; -12 V, C8-03. 

CB-D<l; +5 
Y protec-

V, 

DDP X 0.56 W 0.56 W Cr~D 034 se1 ects DDP X. DDP X protection: +5 VDC, C8-02. 

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

PDU 1 
OR 2 VARIABLE 0.08 W VARIAB LE PDU controls the distribution of power to the ALSEP subsystems. 

PCU 1 
OR 2 ~ SEE GRAPH ~ 

Ci'lO 060 tu rns 
PCU 1 OFF. 

PCU 1 ON, PCU 2 OFF. OlD 062 turns PCU 2 ON, 

PDR 

PDR 

1 

2 

7.0 W 

14.0 W 

7.0 W 

14.0 W 

CMD 017 turns PDR 1 ON; CMD 021 turns 
tection: +29 V, F-01 . cr~D 022 turns 
PDR 2 OFF. PDR 2 protection: +29 V, 

PDR 1 OFF. PDR 1 pro-
PDR 2 ON; cnD 023 turns 
F-02. 
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TABLE 4-VIII.- RE LAY DRIVER FUNCTIONS AND INPUT VOLTAGE REQUIREMENTS 

RELAY RELA Y DRIVER TYPE*REL AY FUN CTION MONITOR 010DRIVERS 1 2 3 

. AE-3 060K-OJ PCU J SEL XR-OJ 
062 XAE-23PCU 2 SELK-OlR-02 
120 XPCU 1 AU TO SW AB-16R-03 K-02 
121 AB-16PCU 2 AUTO SWK-0 2 XR-04 

AB-14 017 XPDR 1 ONK-01 , K-02 R-05 
AB-14 021PDR 1 OFF XK-01, K-02R-06 

XAB-14 022PDR 2 ONR-07 K- 03, K-04 
023 XK-03 , K-04 PDR 2 OFF AB-14R-08 
024 XK-01, K-02, K- 04 ADP X SEL AB-17R-1l9 

AB-17 025 XADP Y SELK-01, K-02, K-04R-10 
AB-17PRIM PWR ROUT 110 XK-03R-ll 

XBKUP PWR ROUT ' AB-17 107K-0 3R-12 
034 XAB-10DDP X SELK-01R-13 

XAB-10 035DDP Y SELR-14 K-01 
AE -17 012 XXM TR A ONR-15 K-02 

013 XXMTR A OFF AE-17K-02R-16 
XAE-18 015K-01 XMTR B ONR-17 
XAE-18 014XMTR B OFFR- 18 K-01 

036 XLMS ON AB-04R- 19 K-01, K-02 
037AB-04 XR-20 K-0 1 LMS STBY 
041K-01, K-02 LMS OFF AB-04 XR-21 

AB-04 042R-2 2 K- 01 , K-02 LEAt1 ON X 
043R-23 K-01 LEAM STBY AB-04 X 

R-24 K-01, K-02 LEAMOFF 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-ll 056 X 
R-33 K-01, K-02 LSP OFF AB-11 057 X 

K-01, K-02, K-04R-34 UPLINK A AB-06 122 X 
R-35 K-01, K-02, K-04 UPLI NK B AB-06 122 X 

UPLIN K PRIMR-36 K- 3 AB-06 X110 
PWR ROUT 

R-37 UPLINK BKUPK-0 3 AB-06 TIMER X 
PWR RO UT 

*REFER TO FIGURE 4-5 FOR SC HEMATIC OF RELAY DRIVERS 
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Type 1 
relay driver 

+29 V bus 

Command 
Type 2 
relay driver 

Command 

+16 V 
RTG output 

30.1 K 

100 K 

.01 mf 

Type 3 
relay driver 

Figure 4-5.- Relay drivers. 
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SECTION 5 

COMMAND SUBSYSTEM 


5.1 " SYSTEM DESCRIPTION 

-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 
up 1 ; n k fa i1 u re . 

The following units make up the ALSEP command subsystem: 
A. S-band antenna 
B. Di P 1 exer fi lter 
C. Power 	splitter 
D. Command recei vers 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 

Right-hand 
Right-hand 

Transmit 
Receive 

15.2 dB 
14.7 dB 

S-band 
S-band 

27° 

2]0 
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5.1.2 	 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. 

5.1.3 	 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. 
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5.1 .4 Command Receiver 

Redundancy control is fully implemented within the receiver. 

Redundancy control considers the effect of the command link 
being off for periods of time as long as 122 hours. I P- 1 

No reliability degradation to the receiver occurs as a result 

of the command link being off for long periods of time. 

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 composite 
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 diplexer provides 80 db rejection at 
the L. O. 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. 

5.1.4.1 	 Input Modulation.- The receiver is compatible 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 Sl = ±3.00 radians peak. The tolerance 

on Sl is +10 percent and -0 percent. (Selected by hand- I 
P-l

wired switch.) 
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B. 	 Format 2 - Th~ composite audio signal frequency modulates 
a 70 kHz auxiliary subcarrier at ±7.5 kHz peak deviation. 
The tolerance on subcarrier deviation is flO percent. The 
70 kHz signal then phase modulates a 2119 MHz carrier 
at S2= ±1.85 Radians peak flO percent. (Locked out 
by handwired switch.) 

5.1.4.2 	 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. 

5.1.4.3 	 Receiver characteristics are as follows: 

Input Frequency 2119 MHz ±0.001 percent 
Dynamic Range -100 to -60 dbm 
Power Requirements '0.9 watts IP-l 
Input Impedance 50 ohms at center frequency 
Output Vo ltage 5 volts ±20 percent P-P 
IF Frequency 60 MHz 
TM Parameters 5 IP-l 
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5.1.5 Command Decoder 
The command decoder consists of ~ 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: 

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

2. 	 Stores and delivers on demand a command verification 

message, consisting of the command and a bit which 

indicates whether or not parity is checked. 


3. 	 Processes a sequencer which causes periodic uplink IP-l 
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: 

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

basis. 

2. 	 Automatically 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: 

Voltage 
Bus 

Watts 
Nominal mAdc Comments · 

+12 

+12 

-12 

Vdc ±5 % 

Vdc ±10% 

Vdc ±10 % 

+5 ±10 % 

0.050 

0.005 

O. 100 

0.950 

4.2 

0.4 

8.3 
190 

Redundant circuits 
Non-redundant ci rcuits 
Redundant and non-redundant circuits 
Redundant and non-redundant ci rcuits 
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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 l-kHz subcarrier. 

The l-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 l-kHz subcarrier signal. 

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 LSB 


Decoder address Command complement Command 
A bit-by-bit comparison is made between the command com­
plement and the command for error protection. Aminimum 
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. 

DA-7 DA-5 DA-6 

xx 0"1011 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 di d not 

compare, and command was not executed. 

B. 	 Normal Decoder Operation 
The control logic 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 
l~st 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 qnd 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 latch and also 
inhipit the clock pulses to the shift register by means of 
another 1atch. At thi s time, the command wi 11 be present 
irt 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 t~e CVW recieved 
by the ground station, the first two are filler bits and 
i denti ca1 to the most s i gnifi cant bi t 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 

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

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 
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. 

5.1.5.3 	 Non-redundant command sequencer.- The command sequencer 
provi des command 111 "LEAM CALIBRATE HIGH/LOW41 

, to be sent 
twice (3 minutes and 34.7 seconds apart) with a cycle time 
of 15 hours, 27 mi nutes, 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, 0 min, 55 sec == T 4 T 1 == 7 hr, 38 min, 43 sec 

LEAM Cmd III LEAM Cmd III 

and 

uplink switchover 

T 3 == 38 hr, 33m in, 31 sec T2 ==23 hr, 6min, 7 sec 

LEAM Cmd III LEAM Cmd III 

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

2. Two LEAM Cmd III are sent 3 min 35 sec apart at T 1 - T 4 

Figure 5-1 .- Periodic command pul ses. 
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1121 ± 1 ms PDR 1 PDR 2 LMS LEAM HFE LSG 

Counter running 

7 136 144 152 160 168 176 184 192 Counts 

~_~I,=='~~~_:;"'-. :::::!J~_::::_=::-_~I,::=::::v~_,:::::::::J~'v:::::'::::;"",I~,1:::=:I_::=:I:::::~,,-~_~_~_I:::::==:1:::::'~. ___ 

Delay 021 023 037 043 046 053 °L5S~ 6 -'I 
Start 

tTl counter 
J 

~ 

NOTE: 	 LMS power!::. is too small to affect sequence; hence, 
if LMS ripples, LEAM wi" also (8 ms later) 

• 	 If 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. 

• 	 If 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. 

p 

Inhibit 
counter 

(no reset) 

tTl 
-u 
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• 
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5.2 COMMAND FUNCTIONS 
003 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 low (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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005 	 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 switchi ng 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. 

006 	 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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007 	 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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012 	 XMTR A ON POWER DISTRIBUTION UNIT 
Command 012 actuates relay K2, in both PDU's to the position 
that applies +29Vdc to transmitter A. XMTR A ON is the lunar 
surface initial condition. 

013 	 XMTR A OFF POWER DISTRIBUTION UNIT IP-l 

Command 013 actuates relay K2, in both PDU's, to the position 
that removes +29 Vdc from XMTR A. 

014 	 X~1TR B OFF POWER DISTRIBUTION UNIT 
Command 014 actuates relay Kl, in both PDU's, to the position 
that removes +29 Vdc from XMTR Band +12 Vdc from the diplexer 
switch. XMTR B OFF is the lunar surface initial condition. 

015 	 XMTR B ON POWER DISTRIBUTION UNIT 
Command 015 actuates relay Kl, in both PDU's, to the position 
that applies +29 Vdc to XMTR Band +12 Vdc to the diplexer 
switch. If both transmitters are commanded on simultaneously, 
the output of XMTR B will be radiated downlink and the output 
of XMTR A will be dissipated in dummy load in the diplexer 
switch. 
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017 PDR 1 ON . 
Command 017 actuates 
that applies +29 Vdc 

POWER DISTRIBUTION UNIT 
relays Kl and K3 in series to the position 
to a 7 watt power dissipation resistor. 

021 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. 

022 PDR 2 ON 
Command 022 actuates 
that applies +29 Vdc 

POWER DISTRIBUTION UNIT 
relays K2 and K4 in series to the position 
to a 14 watt power dissipation resistor. 

023 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 lunar surface initial condition. 
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024 	 ADP X SEL POWER DISTRIBUTION UNIT 
Command 024 actuates relays K1, K2, K4 in the PDU I 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. 

025 	 ADP Y SEL POWER DISTRIBUTION UNIT 
Command 025 actuates relays Kl, K2, and K4 in the PDU to Ip-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
keeping sync loss but no change in data rate. 
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027 	 .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 I P-l 
B. 	 Thermal plate temperature is above the temp switch value­

60° F close, 80° F open. 
The application of power to PCU 1 causes initialization in the 
APM 1 ON configuration. 

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

032 	 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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034 DDP X SEL POWER DISTRIBUTION UNIT 
Command 034 actuates relay Kl, in both PDU's, to the position 
that applies +5 Vdc to the Xunit of the digital data 
processor and removes the +5 Vdc from the Y unit. DDP 
XSEL is the lunar surface initial condition. 

035 DDP Y SEL POWER DISTRIBUTION UNIT 
Command 035 actuates relay Kl, 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 DDpls 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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03Q 	 L~1S 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. 

037 	 U·1S STBY POWER DI STRIBUTION UNIT 
Command 037 actuates relay Kl, 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 line. 
In the OFF mode, Command 037 has no effect. 

041 LMS OF~ 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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042LEAM ON POWER DISTRIBUTION UNIT 
Command 042 actuates relays Kl and K2, in both pouts, to the 

. position that applies +29 Vdc to the operating line of the 
LEAM. 

043 	 LEAM STBY POwtR DIStRIBUTfON UNIT 
Command 043 artuates relays Kl, in both pouts, to the position 
that removes 29 Vdc operational power fr6~thelEAM if it is 
in the operate mode and applies +29 Vdc to th~ standby line. 
In the OFF mode, Command 043 has no effect. 

044 	 LEAM OFF POWER DISTRIBUTION UNIT 
Command 044 actuates relays Kl and K2, in both pouts, to the 
position that removes all +29 Vdc power from the LEAM. LEAM 
OFF is the lunar surface initial condition. 
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045 	 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. 

046 · 	 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. 

050 	 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 lunar surface initial condition. 
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052 	 LSGON POWER DISTRIBUTION UNIT 
Command 052 actuates relays Kl and K2, in both PDU's, to the 
position that applies +29 Vdcto the operating l,ine of the LSG. 

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

054 	 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 lunar surface 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 Kl, in both PDU's, to the position 
that removes +29 Vdc operational power from the LSP, if it is 
in th~ operate mode and applies +29 Vdc to the standby line. 
The LSP has no standby mode and this line is not connected to 
the experiment. 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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057 	 LSP OFF POWER DISTRIBUTION UNIT 
Command 057 actuates rel ays Kl and K2, in both PDU 's, 

to the positio~ that ~emoves all ~29 Vdc power from 

the LSP. 

060 	 PCU 1 SEL POWER CONDITIONING UNIT 
Command 060 actuates relay Kl, 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 

lunar activation. 

062 	 PCU 2 SEL POWER CONDITIONING UNIT 
Command 062 actuates relay Kl, 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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063 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 
motor or mass change motor operation. 

064 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 I P-l 
must be transmitted in order to minimize the thermal 
disturbance by minimizing the peak power dissipation 
within the LSG. 

067 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 1100000 11 

s ta te. 

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 
poss i b 1 e thi rty- two s ta tes of 
the counter are used to generate 
command functions. State of the 
counter is read out through the 
telemetry link. P-l 
Three command lines 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 
CG-9 
CG-10 
CG-ll 
CG-12 
CG-13 

00001 
00010 
00011 
00100 
00101 
00110 

Read shaft encoder 
Mass change motor ON 
Bias in 
Bias out 
Integrator, normal mode 
Integrator, short mode 
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LSG LIST - Concluded 

Command S~mbol Binar~ Count Command Function 
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 Seismic low gain 
01000 Seismic higr. gain 
01001 Sensor beam caged 
01010 Sensor Beam uncaged 
01011 Coarse screw servo ON 
01100 Tilt, mass chg, screw 

servo, pressure IP-ltransducer OFF 
01101 Pressure transducer ON 
0111 0 Mass change increment 
01111 Gross slew up/tilt 

increment up
10000 Gross slew down/tilt 

increment down 
10001 Verni er s 1 e\'J up 
10010 Vernier slew down 
10011 Fine screw servo ON 
10100 North/south tilt 

servo ON 
T010l East/west tilt servo ON 
10110 Temperature increment 1 
10111 Temperature increment 2 
11000 Temperature increment 3 
11001 Temperature increment 4 
11010 Temperature increment 5 
11011 Temperature increment 6 
11100 Temperature reset 
11101 Post amp gain increment 
1111 0 Post amp gain reset 
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104 	 PER CMOS 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. 

105 	 PER CMOS INH COMMAND DECODER 
Command 105 actuates circuitry in the command decoder 
to inhibit output of the periodic commands (CMD 111). 

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

re 1ays . 
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11 0 	 ADP PRI POWER DISTRIBUTION UNIT 
Command 110 actuates relay K3, in the PDU, to the I P-l 
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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111 	 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 levels, 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 CMOS INH). IP-l 

(typo) 

112 	 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-f1op~ in the PCU~ to the 
position that inhibits APM 2 from dissipating RTG power. 
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114 	 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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115 	 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-l 
B. Thermal plate temperature is above the temp switch 

2 value - 60° F close, 80° F open. I P-l 
The application of power to PCU 2 causes initialization (typo) 
in the APM 2 ON configuration. 
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· 117 	 LEAM HTR STEP EXP 2 (LEAM) 
Command 117 ;s 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 succes;ve 
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 
or when the +12 vdc goes overvoltage for longer than 
5 ms (refer to Table 4-1). In this position, automatic 
switchover from PCU 1 to PCU 2 is 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 longer than 300 ms 
or when the +12 vdc goes overvoltage for longer than 
5 ms (refer to Table 4-1). In this position, automatic 
switchover from PCU 2 to PCU 1 is inhibited. 

P~l 
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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 Kl, 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 RCVRjDECODER 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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123 LMS LOAD 1 EXP 1 (LMS) 

124 LMS LOAD 2 EXP 1 (LMS) 

125 LMS LOAD 3 EXP 1 (LMS) 

127 LMS LOAD 4 EXP 1 (LMS) 

132 LMS LOAD 5 EXP 1 (U~S ) 

133 LMS LOAD 6 EXP 1 (LMS) 

134 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: 

Symbol FUNCTION 123 124 125 127 132 133 134 

CA-l Step Mult, Sweep HV ON X X X 

&Back-up Htr Off 

CA-2 Lock (Sweep Hold) &J­ X X X 

Plate Voltage Step/Fixed 
CA-3 

CA-4 

. _One Step (Sweep Advance) 
Emission/Filaments OFF-
Mode Sel Enable 

X 

X 

X 

X 

X 

X 
IP-l 

CA-5 Filament #1 ON X X X 

CA-6 Filament #2 ON X X X 

CA-7 Mult High &Backup 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 IP-l 

CA-l0 Disc Low and J-Plate Voltage X X X 

Step Inhibit 
CA-ll Bakeout Enable X X X 

CA-12 Bakeout Disable X X X 

CA-13 Dust Cover Removal X X X 

CA-14 Ion Pump ON X 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: 

CA-l , 	STEP MULT, SWEEP HV ON AND BACK-UP HTR OFF 
(Commands 123 and 124 followed by 134) Execution of 
this command load turns the swe.ep and channel tron 
multiplier high voltage ON, turns the back-up P.l 
heater OFF, and starts automatic sweep. 

CA-2 	 LOCK (SWEEP HOLD) AND J-PLATE VOLTAGE STEP/FIX~D 

(Commands 123 and 125 followed by 134) Execution of 
this load command stops the analyser sweep on the st~p 
reached at the time CMD 134 is received and advances r P..,l 
the J-plate voltage selection sequence to the next (typo) 

step, provided this capabil .ity 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) P-l 

With emission OFF, this command selects the fixed 
emission control. 
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CA-3 	 ONE-STEP (SWEEP ADVANCE) 
(Commands 123 and 127 followed by 134) Execution of 
this command load advances the sweep to the next step 

, when the experiment is in the sweep hold mode (command 
load CA-2). 

CA-4 	 EMISSION/FILAMENTS OFF/MODE SEL ENABLE I P-l 
(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. 

CA-5 	 FILAMENT 1 ON 
(Commands 123 and 133 followed by 134) Execution of 
this command load applies power to emission filament 1. 

CA-6 	 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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CA~7 	 MULT HIGH AND BACK-UP HTR ON 
(Commands 124 and 127 followed by 134) Execution of 
this command load selects the HIGH voltage configura~ 
tion for the multipliers and turns the back-up heater ON. 

CA-8 	 MULT LOW 
(Commands 124 and 132 followed by 134) Execution of 
this command load selects the LOW voltage configuration 
for the multipliers. The MULT LOW configuration is 
preset for LMS activation. 

CA-9 	 DISC HIGH AND J-PLATE VOLTAGE STEP ENABLE/CYCLIC 
(Commands 124 and 133 fo 11 owed by 134) Executi on of . 
this command load selects the HIGH discriminator level 
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. 
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CA-10 	 DISC LOW AND J-PLATE VOLTAGE STEP INHIBIT 
(Commands 125 and 127 followed by 134) Execution of 
this command load selects the LOW discriminator level 
in the particle ~ounting 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. 

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

CA-12 	 BAKEOUT 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. 

5-45 




ALSEP 5 

~ 	 BASIC 

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-l has been successfully 
executed; if CA-14 is inhibited, then CA-15 must be 
executed before CA-14. CA-l is not inhibited if the 
ion pump is ON. 

CA-15 	 ION 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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135 	 HFE MODE/G SEL EXP 3 (HFE) 
This command (Cl) is a one-state command. It places 
the HFE in the normal or gradient mode of operation 
(Mode 1) such that data is obtained from the gradient 
sensors and 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. 

136 	 HFE MODE/LK SEL EXP 3 (HFE) 
This command (C2) is a one-state command. It places 
the HFE in the low conductivity or ring source mode 
of operation (Mode 2) such that data is obtained from 
the gradient sensors and cable thermocouples under the 
control of the measurement sequencer programer. It 
also turns on the probe heater current supply in the 
low (or ring source) mode allowing heaters to be 
activated via Command 152. 

140 	 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 
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 ~'ODE/HK this command 
halves the data rate. It is cleared by subsequent P~l 

execution of Command 141. 

5-48 



ALSEP 5 

* BASIC 

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 (P4P3). 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 previousl y executed and as a two-state 

counter if either Command 142 or 143 was previously 

executed. In MODE/HK this command must be executed, 
otherwise the data will be invalid. Subsequent execu­

tion (in MODE/G or MODE/LK) of Command 145 locks P4P3 
in the 01 or 10 state respectively. All positioning 

and locking 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 subsequent 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 P4P

3 
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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146 

152 

HFE LOAD 3 EXP 3 (HFE) 
This command (C9) is a one-state command operating 

essentially the same as Command 145 except that it sets 

P4· Therefore, when preceded by 144 it places P4P in3 
the 10 state. 

HFE HTR STEPS EXP 3 (HFE) 

This command (C10) is a 16-state command which advances 

the heater excitation programer (H4H3H2Hl ) 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: 

AI I heaters off All heaters off 

Probe #1 heater #2 ON Probe #2 heater #2 ON 
All heaters off All heaters off 

Probe #1 heater #4 ON Probe #2 heater #4 ON 

All heaters off All heaters off 

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

All heaters off All 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 I P-l 
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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170 	 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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174 	 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 61-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-l 
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TABLE 5-1.- PRESET AND LUNAR INITIAL CONDITIONS OF SUBSYSTEMS 

SUBSYSTEM COMMAND FUNCTION INITIALIZES TO LUNAR INITIAL CONDITION 

TM 
TM 
TM 
TM 
EPS 
EPS 
TM 
EPS 
TM 
TM 
LMS 
LEAM 
HFE 
LSG 
LSP 
PCU 
TM 
EPS 

EPS 
EPS 
HFE 
HFE 

LMS 

LMS 
LMS 

[MS . 
LMS 

005 
006 
012 
014 
021 
023 
024 
027 
032 
034 
041 
044 
050 
054 
056 
060 
104 

110 

115 

120 

135 

141 


(CA-4) . 

(CA-B) 
(CA-10) 

(CA-12) 
(CA-15) 

DP FMT ON 
NORMAL BIT RATE 
XMTR A ON 
XMTR B OFF 
PDR 1 OFF 
PDR 2 OFF 
ADP X SEL 
APM 1 ON 
RIPPLE-OFF RESET 
DDP X SEL 
EXP 1 OFF (LMS) 
EXP 2 OFF (LEAM) 
EXP 3 OFF (HFE) 
EXP 4 OFF (LSG) 
EXP 5 STBY (LSP) 
PCU 1 SEL 
PER CMDS ENABLE 
UPLINK/ ADP PWR · 
RELAY WSEL 

APM 2 ON 
PCU AUTO SEL 1 
HFE MODE/G SEL 
HFE SEL/FUL SEQ 

EMISSION 
FILAMENTS OFF 
MUL TIPLIERS LOW 
DISC LOW AND 
J-PLATE VOLTAGE 
STEP INHIBIT 
BAKEOUT DISABLE 
ION PUMP; MULT 
AND SWEEP HV OFF 

ON 

NORMAL 


ON 

RESET 


ENABLE 


ON 


GRADIENT MODE 
FULL 16-STEP 
MEAS SEQ 

OFF 

DISC LOVI AND 
J-PLATE VOLTAGE 
STEP INHIBIT 
BAKEOUT DISABLE 

OFF 

XMTR A ON 
XMTR B OFF 
PDR 1 OFF 
PDR 2 OFF 
ADP X SEL 

DDP X SEL 
LMS OFF 
LEAM OFF 
HFE OFF 
LSG OFF 
LSP STBY 
PCU 1 SEL 

. I P-1UPLINK/ADP PWR RELAY WSEL 

PCU AUTO SEL 1 

I P-1 

MULT LOW IP-1 
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TELEMETRY SUBSYSTEM 

6.1 	 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. 

6.1.1 	 Sensors (Transducers) 
Analog sensors convert such parameters as temperature, voltage, 
current, and status into 0 to +5 volt signals and input these 
signals to the 90 channel analog 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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6.1.2 	 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 

I· P,.lor 025. The multiplexer is divided into 15 groups of six I 
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 I P-l 
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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6.1.3 	 AID Converters 
The AID 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, Xor Y, at words 33 and 63 of the 
ALSEP main frame. Selection of the redundant AID converter, X 
or Y, is accomplished by CMD Q24 or 025, respectively. 

6.1.4 	 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 AID converter, the command decoder, and 
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 
' 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, respective1y. The data pro­
cessor configurations are as follows: 

[ P-l 

DP Format 
LSP Format . 

Norma 1 Bit Rate Low Bit Rate 
1060 bps 530 bps 

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 IP-l 
channels 1 through 90 for correlation of the analog multiplexer 
data. Bits 21 thr~ugh 29 are derived from a ripple-through 
counter which is advanced one step whenever Word 1 of the ,I 

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, AID con­

verter, and the 90-channel analog multiplexers (see Table 6-I). 
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1 2 I 3 4 5 

LMS I 6I SYNCSYNC SYNC & lD LSG LSG 

9 10 11 12 13 14 

N/A LSG N/ A LSG N/A 

17 18 19 20 21 22 

LMS LSG LMS LSG LMS 

25 26 27 28 29 30 

LSG LSG LSG LSG LSG 

33 34 35 36 37 38 

HOUSE­ LSG LSG LSG LSGKEEPING 

41 42 43 44 45 46 

N/A LSG N/A LSG N/A 

49 50 51 52 53 54 

N/A LSG N/A LSG N/A 

57 58 59 60 61 62 

N/A LSG N/A LSG N/A 

LSG 

LSG 

LSG 

LSG 

LSG 

LSG 

LSG 

7 
COMMAND 
VERIFI­
CATION 

15 

N/A 

23 

HF 

31 

LEA~1 

39 

LEAM 

47 

N/A 

55 

N/A 

63 
RESERVE 
POl,ER 

8 

16 

24 

32 

40 

48 

56 

64 

LSG 

LSG 

LSG 

LSG 

LSG 

LSG 

LSG 

LSG 

Each square represents 1 10-bit word. Total matrix 10 x 64 = 640 bits/frame 

N/A = not assigned 
Number of 

words per 
main frame 

Control words (sync) 3 

Lunar Mass Spectrometer Experiment 4 

Command verification (8 bits upon command, otherw ise 
all zeros) 1 

Lunar Surface Gravimeter Experiment 36 

Heat Flow Experiment 
Luna r Ejecta and Meteorite Experiment 2 

Housekeeping 
Reserve power 
Words not used (zeros are sent for each empty word) 15 

Total 64 

Figure 6-1.- Main frame format. 
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TABLE 6-1.- TIMING FROM DIGITAL PROCESSOR 

SIGNAL TO 

SIGNALS FROM 
DATA PROCESSOR 

CMD 
DECODER 

LMS LEAM HFE LSG LSP ANALOG MUX 
& AID CON V 

Shift pulse X X X X X X 

Data gate X 

Frame mark X X X X 

Data demand X X X X X X 

AID encode clock X 

Advance pulse X 

90th frame mark X X X X X 

3.53 KHz clock X 

28.226 KHZ clock X 

P- i' 

I P-l 


I P-l 
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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-l 
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 frequency 
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 I P-l 

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 line powers 
the low power stages of the transmitter and the temperature 
telemetry sensor circuitry. A +23 volt supply line powers the 

power amplifier stages of the transmitter. The power supply 
regulator isa single encapsulated unit. 

'Di P 1 exer Switc h 
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 #1 -­ • ALSEP WORD #2 ALSEP WORD #"3 ____ 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 B 19 20 21 22 23 24 25 26 27 28 29 30 
Bit 

00000 000 o o o Fl F2 F3 F4 FS F6 F7 M 

\ 
---COMPLEMENT OF BARKER CODE---'--- " -FRAME COUNTER­ MODE---- BARKER CODE ---­

(1, 2. 3, . .. ,89. 0) BIT 

Symbo 1 Name 

DA-l Barker Code and Complement 

DA-2 Frame Count (Fi )(2) 

DA-3 Mode Bit (M) 

DA-4 ALSEP Identification 

DA-5 Command Verification 
Word(l) 

DA -6 Received Command MAP 
(Message Acceptance Pulse) 

DA-7 CVW Fi 11 er Bi ts 

DA-8 Reserve Current 
DA-9 Analog Word Filler Bits 

ALSEP Words 

1, 2 and bits 1 
and 2 of word 3 
Bits 3 thru 9 of 
word 3 
Bit 10 of word 3 
in Main Frames 1 
and 2 
Bit 10 of word 3 in 
Main Frames 3 (MSB), 
4. and 5 (LSB) 
Bits 3 thru 9 of 
\~ord 7 
Bit 10 of word 7 

Bits 1 and 2 of 
word 7 

63 (Bits 3 thru 9) 

Bits 1 and 2 of 
words 33 and 63 

Ra nge/ Corrrnents 
Bits/ 
Sampl e 

Samples/ 
Second 

NA 

1 to 89, and O. 

22 

7 

1. 66 

1. 66 

1, 0 = Normal (1060 bits / sec) 
0, 1 = Slow (530 bits/sec) 

Data Processor Identification 
Ar ray E code i s 1, 0, 0 

1 to 127 

2 

3 

7 

0.0184 

0.0184 

NA 

o = Command Parity check 
failed 

1 = Bit by bit check of com­
mand and complement 
verifi ed 

Bit 3 (MSB) of word 7 (CVW) 
serves as filler bit value for 
bits 1 and 2. i. e., bits 1 
and 2 will be same as bit 3. 
o to 4 Amps 
Bits 1 and 2 will be zeros 

NA 

8 

2 

NA 

NA 

1. 66 
3.32 

Ip-1 

(1 lV "f" t" d d d" db" " " en "les ~ecep lon an eco lng .Of comman s y retransmlsslon of received command word.
CVW lnformatlon wl11 be all zeros 110 bltSJ \~hen commands are not betng processed. 

(2 J
Frame count reads 1 to 89 for Channels 1 to 89. Frame count reads 0 for Channel 90. 

Figure 6-2.- Control and command verification word format. 

6-8 



ALSEP 5* BAS1C/PCN-l 

TABLE 6-11.- ANALOG MULTIPLEXER, A/D CONVERTER CHARACTERISTICS 

Analog multiplexer (subcommutated) 

Input (from sensors or signal conditioners) o to +5 Vdc 

Channel s/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 

I nput (from analog IIlUX) 0 to +5 Vdc 

Conversion 8 bits 

Data to D/ P Serial 

Time slot in rna in f, ' ame Word 33 and 63 

Redundancy Total 

Input fro rn n to + 5 "01 t s Outputs o to 255 PCN count 

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

P-l 

I P- 1 

P-l 
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TABLE 6-111.- DIGITAL DATA PROCESSOR CHARACTERISTICS 


MODES OF OPERATION* 

PARAMETER NORMAL SLOW LSP NORMAL LSP SLOH 

uata rate (bps) 
Bits/word 
Words / frame 

Frame/ second 
Seconds / frame 

Bits/sync word 

1060 
10 
64 

1.656 

0.604 
22 

530 
10 
64 

0.828 

1.208 
22 

3533.3 
30 

60 

1.963 

0.509 
10 

1060 
30 
60 

0.588 
1.698 

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 lower 
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 CI 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.
All 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 (MSB) 
Frame 4 0 

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


Pulse type 
Duration 

(lJsec) Repetion rate 

Frame mark 

mark 
90th frame 
Data gate 
(word mark) 
Da ta demand 

Shift pul se 

Command 

118 

118 

118 

9434 

472 

21 ,000 

Once per ALSEP frame 

Once every 90th frame 
64, once per each 10-bit 
word in frame 
Once per word in ALSEP frame 
64Q pulses per frame 
1060 pulses per second 
Asynchronous 

I P-l 

I P- 1 

IP-l 

jP-l 

NOTE 

Duration in TABLE 6-IV is given for 
normal bit rate in the DP Formating
mode. In slow bit rate in the DP 
Formating mode the duration ~s twice 
that shown for normal bit rate. 
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ALSEP 5* BASIC/PCN-l 

TABLE 6-V.- TELEMETRY SUBSYSTEM POWER REQUIREMENTS 

COMPONENT VOLTAGE BUS WATTS 

Data processor 
X or Y 

+5 VDC 
+12 VDC 
-12 VDC 
+29 VDC 

.750 

.850 

.420 

.015 

Analog multiplexer 
and AID converter 
X or Y 

+5 VDC 
+12 VDC 
-12 VDC 

.225 

.245 

.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 2275.5 mHz 

Modulation PM ± 1.25 radian, phase-modulated carrier 

Stability (long-term) ±0.0025 percent/year 

Power output 1 watt minimum 

Power input 9.0 watts IP-l 
TM parameters 8 (AE-15, AE-16, AE-17,AE-18, 

AT-23, AT-24, AT-25, and AT-26) 
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en, 
w 

Channe l Da ta 
t~umber Symbol 

1 AB-1 8 
2 AE-l 
3 AE-2 
4 AT-3 
~ AE-4 
6 AR-l 
7 AR-4 
8 IIE-3 
9 AB-8 

10 AG-2 
11 AE-23 
12 AB-4 
13 A8-16 
14 AB-5 
15 AT -10 
16 AT-40 
17 AB-9 
18 AT -23 
19 AT-24 
20 AE-7 
21 AE-19 
22 AE-18 
23 AG-3 
24 AG-7 
25 AP-l 
26 AB-6 
27 AT-l 
28 AT-4 
29 AH-l 
30 AE-i:~4 
31 AT-25 
32 AT-26 
33 IH-27 
34 AT-28 
35 Al-21 
36 AE-20 
37 AR-2 
3B AG-8 
39 AG-1 
40 AM-l to AM-16 
4', At-1-41 
42 AT-2 
43 AT -5 
44 AH-44 
45 AH-2 

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

Functlon or DeSCrl ptlOn 

Uplink Switch Delay Status 
0.25 Vdc Calibration 
4.25 Vdc Calibration 
Thermal Plate Temp 1 
PCU Input Current 
RTG Hot Frame 1 Temp 
RTG Cold Frame 1 Temp 
PCU 1 Input Vo ltage 
Rcvr A Command Subcarrier Status 
LSG Tide Signal 
PCU 2 Input Voltage 
Pwr Distribution Status Exp 1 and 2 
PC Autoswitch Status 
Pwr Distribution Status Exp 3 and 4 
Bottom Structure Temp
Rcvr Case Temp (Uplink A only) 
Rcvr B Command Subcarrier Status 
Transmi tter A Pwr Ampl i fier Temp 
Transmitter A Case Temp 
PCU Output Voltage 1 (+29Vdc) 
Rcvr A Input Signa l Level 
Transmitter B 23-Volt Reg Output 
LSG Free Mode Osci llation Signal 
LSG Oscillator Amplitude 
LSP Electronics Internal Temp 
Uplink A/B and Pwr Routing Status 
Sunshield Temp 1 (Top) 
Thermal Plate Temp 2 
HFE Supply Voltage No. 1 (5v) 
Reserve Current 
Transmitter B Pwr Amplifier Temp 
Transmitter B Case Temp 
Da ta Processor Base Temp 
Data Processor Internal Temp 
I\PI '1 1 Current 
Rcvr B Input Signal Level 
RTG Hot Frame 2 Temp 
LSG Power Converter (+ 15v)
LSG Seismic Signal 
LMS, 16 Functions Submu1tiplexed 
LMS Electronics Temp 
Sunshield Temp 2 
Thermal Plate Temp 3 
LMS Sweep High Voltage 
HFE Supply Vo ltage No. 2 (-5v) 

I P-l 

IP-l 

I P-1 

Channe 1 Data 
Number S)ymb0 

46 AT -14 
47 AT-15 
48 AT -31 
49 AT -32 
50 AE-9 
51 AE-15 
52 AR-3 
53 AG-9 
54 AG-6 
55 AH-3 
56 AE-22 
57 AH-6 
58 AT-6 
59 AT-8 
60 AT-12 
61 AT-41 
62 AT ­ 34 
63 AT -35 
64 AT -42 
65 AE -10 
66 AE-16 
67 AR-5 
68 AG-4 
69 AG-10 
70 AB-10 
71 AT ­ 7 
72 AT-13 
73 AB-ll 
74 AH-4 
75 AH-7 
76 AB-13 
77 AT-38 
78 AT ­ 39 
79 AE-ll 
80 AB-14 
81 I\E ­ 17 
82 AR-6 
83 AJ- l to .lIJ - 5 
84 AJ-6 to AJ -lO 
85 AJ-11 
B6 AB-15 
87 AT-9 
88 AT-ll 
89 AG-5 
90 AB-17 

.Func t'lon or Descrl£t'lon 

Front Structure Temp 
Rear Structure Temp 
Decoder B Demodulator Temp 
Decoder A Demodulator Temp 
PCU Output Voltage 2 (+12Vdc) 
Transmitter A 17-Volt Reg Current 
RTG Hot Frame 3 Temp 
LSG Power Converter (-15v) 
LSG Mass Changing Error Signa l 
HFE Supply Voltage No.3 (+15v) 
APM 2 Current 
HFE High Conductivity Htr Pwr Status 
Therma l Plate Temp 4 
Vertical Structure 1 Temp 
Thermal Bag Inner Temp 
APM 1 Temp 
PDU 1 Temp 
PDU 2 Temp 
APM 2 Temp 
PCU Output Voltage 3 (+5v) 
Transmitter B 17-Volt Reg Current 
RTG Col d F;'ame 2 Temp 
LSG Htr Box Temp 
LSG Power Converter 
DDP x/y Status 
Thermal Plate Temp 5 
Thermal Bag Outer Temp 
LSP Pwr Distribution Status 
HFE Supp ly Vo ltage No. 4 (- 15 v) 
HFE Low Conductivity Htr Pwr Status 
APM Sta tus 
PCU Regulator 1 Temp 
PCU Regulator 2 Telnp 
PCU Output Voltage 4 (-12v) 
Pwr Dumps 1 and 2 Stat us 
Transmitter A 23-Volt Reg Output 
RTG Cold Frame 3 Temp 
LEAN, 5 Submu1t iple xed Engr Data 
LEAN, 4 Submultiplexed Temps and 1 Engr Datum 
LEAN Electronics Survival Temp 
Periodic Commands Enable/Inhibit Status 
Vertical Structure 2 Temps 
Pwr Dump Module Temp 
LSG Instrument Hou sing Pressure 
ADP x/y and Pwr Rout ing Status 

COP 
:l>r-­
Ul Ul 
~,."

n"O 
'­
"0", 
n 
:2 
I 



ALSEP 
BASIC 

TABLE 6-VII!. - ANALOG CHAN NEL USAG E 

CENTRAL STATION : 

TRAN DUCER RANGE NOMINAL OP ERATING 
LI MITS 

REDLINE LIMITS 
(J F APPLI CABL E) 

SYMBO L LOCATl ON / NAME CH ANN EL LO W HIGH LOI, HIGH LOW HIGH 

STRU CTURAL / THE RMAL TEflPERATURES 

AT -l Sun shi eld Temp 1 27 -300 0 F 3000 F -3000 F 1600 F -350 0 F 304 0 F 

AT -2 Sun shi eld Temp 2 42 -3000 F 30 00 F - 300 0 F 160 0 F - 3500 F 304 0 F 

AT- 3 The rma 1 PI ate Temp 1 4 -50 0 F 2100 F 11 0 F 1030 F -10 0 F 1400 F 

AT -4 Ther mal Plate Temp 2 28 _500 F 210 0 F 190 F 1060 F _10 0 F 1400 F 

AT - 5 The rma 1 Pl ate Temp 3 43 - 50 0 F 210 0 F 13 0 F lD3° F -10 0 F 1400 F 

AT -6 Therma 1 Pl ate Temp 4 58 -500 F 210 0 F 27 0 F 11 70 F _1 00 F 1450 F 

AT-7 Therma 1 PI ate Temp 5 71 - 50 0 F 210 0 F 22 0 F 109 0 F -1 00 F 140 0 F 

AT-8 Vert i ca 1 Struc ture 1 Temp 59 -3000 F 300 0 F -21 00 F 200 0 F -350 0 F 304 0 F 

AT-9 Vert i ca 1 Structure 2 Temp 87 -300 0 F 300 0 F -21 00 F 200 0 F -350 0 F 304 0 F 

AT -10 Bottom Structure Temp 15 -3000 F 300 0 F -21 00 F 1600 F -35 0' ~ 304 0 F 

AT-11 PDM Temp 88 -300 0 F 3000 F - 2150 F 270 0 F -3500 F 304 0 F 

AT- 12 The rmal Bag In ne r Temp 60 -300 ° F 300 0 F _1 20 F 115 0 F -35 00 F 304 0 F 

AT - 13 Therma 1 Bag Outer Temp 72 - 300 0 F 3000 F -160 0 F 150 0 F -350 0 F 304 0 F 

AT -14 Front Structur e Temp 46 -300 0 F 300 0 F -210 0 F 1800 F - 350 0 F 304 0 F 

AT-I S Rear Structure Temp 47 -3000 F 300 0 F - 2100 F 200 0 F -350 0 F 304 0 F 

ELECT RON IC TEMPERATURES 

AT - 23 Trans mitter A Pwr Ampl i fier Temp 18 - 50 0 F 200 0 F 10 0 F 135 0 F - 1 00 F 158 0 F 

AT- 24 Transmitter A Case Temp 19 -50 0 F 200 0 F 10 0 F . 135 0 F -1 00 F 158 0 F 

AT - 25 Transmitter B Pwr Am plifier Temp 31 - 50 0 F 200 0 F 100 F 135 0 F _1 00 F 1580 F 

AT-26 Tra nsmitter B Case Temp 32 -50 0 F 200 0 F 10 0 F 1350 F _10 0 F 1580 F 

AT - 27 Data Processor Base Temp 33 -5 00 F 2100 F 00 F 1250 F _1 00 F 1580 F 

AT -28 Oata Processor Internal Temp 34 - 50 0 F 2100 F 00 F 150 0 F _10 0 F 1700 F 

AT- 31 Dec oder B Demodulator Temp 48 -50 0 F 2100 F 00 F 1250 F _10 0 F 1580 F 

AT- 32 Decoder A Demodulato r Temp 49 - 500 F 210 0 F 00 F 125 0 F _10 0 F 1600 F 

AT -34 PDU 1 Temp 62 -2 50 F 210 0 F 00 F 130 0 F _1 00 F 1580 F 

AT - 35 PDU 2 Temp 63 - 25 0 F 2100 F 35 0 F 155 0 F _10 0 F 1600 F 

AT - 38 PCU Regu l ator 1 Temp 77 -25 0 F 210 0 F 10 0 F 180 0 F _10 0 F 190 0 F 

AT-39 PCU Regulator 2 Temp 78 -25 0 F 210 0 F 100 F 180 0 F _10 0 F 1900 F 

AT-40 RCVR Case Temp (Upl ink A on l y) 16 -50 0 F 2000 F 280 F 130 0 F -10 0 F 1300 F 

AT -41 APM 1 Temp 61 _25 0 F 2100 F 39 0 F 109 0 F _22 0 F 1580 F 

AT -42 API1 2 Temp 64 -25 0 F 210 0 F 39 0 F 109 0 F _220 F 1500 F 

AP-Ol LSP El ect roni cs Temp 25 _5 00 F 210 0 F 33 · F 1380 F _1 00 F 1580 F 
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ALSEP 
BASIC 

TABL [ 6- V I I l. - ANA LOG CHANNEL US AGE - Conti nued 

-mANSDUCER RANGE NOMINAL OPERATING 
LW,ITS 

REDLINE LIMITS 
(IF APPLICABLE) 

SY llBClL LOCATION/NAME CHANNEL LOH HIGH LOW HIGH LOll HIGH 

CENTRAL STATION ELECTRICAL 

AE-1 0.25 Vde Calibration 2 o Voe 5 Vde 0.24 V 0.2t V 0.22 V 0.28 V 

AE-2 4.75 Vde Calibration 3 o Vde 5 Vde 4 .72 V 4.78 V 4.70 V 4. 80 V 

AE-3 PCU 1 Input Voltage 8 o Vdc 17 Vde 15.8 V 16.2 V 15.0 V 16.9 V 

AE-4 PCU Input Current 5 o Ade 5 Ade 3.9 Ade 4.3 Ade 0.9 Ade 5.2 Ade 

AE-7 PCU Output Voltage 1 (+29V) 20 o Vde 35 Vde 28.0 V 30.0 V 27.5 V 30.5 V 

AE-9 PCU Output Voltage 2 (+12V) 50 o Vdc 15 Vde 11.75 V 12.25 V 11.0 V 13.0 V 

AE-10 PCU Output Voltage 3 (+5V) 65 o Vde 6 Vde 4.8 V 5.4 V 4.0 V 5.8 V 

AE-ll PCU Output Voltage 4 (- 12V ) 79 -15 Vde -9 Vde - 12.75 V -11.9 V -12.9 V -11. 8 V 

AE- 15 Xmtr A 17-volt Reg Current 51 o mAde 60 mAde 20 mA ·15 mA l. 1 mA 65.4 mA 

AE-16 Xmtr B 17-vo1t Reg Current 66 o mAde 60 mAde 20 mA 45 mA 2.1 mA 64.7 rnA 

AE-17 Xmtr A 23-vo 1t Re9 Output 81 o v 46 v 22.75 V 23.25 V .36 V 25.2 V 

AE- 18 Xm tr B 23-volt Reg Output 22 o v 46 v 22.75 V 23.25 V . 36 V 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 Revr B Input Si~nal Level 36 - 100 dBm -60 dBm -92 dBm -74 dBm -1 00 dBm -60 dBm 

AE-21 APtl 1 Current 35 o Ade 2 Ade 0.02 Ade 1 .77 Ade 

AE-22 APM 2 Current 56 o Ade 2 Ade 0.02 Ade 1.77 Ade 

AE-23 PCU 2 Input Voltage 11 o Vde 17 Vde 15.8 V 16.4 V 

AE- 24 Reserve Current 30 o Ade 4 Ade 0.3 Ade 2.7 Ade 0.15 Ade 3 .64 Ade 

RTG TEMPERATURE S 

AR-1 Hot Frame 1 Temp 6 1000 0 F 1200° F 1060° F 1135 0 F 959 0 F li 38° F 

AR-2 Hot Frame 2 Temp 37 1000 0 F 12000 F 1060 0 F 1135 0 F 956 0 F 11 38° F 

AR-3 Hot Frame 3 Temp 52 1000 0 F 1200 0 F 1060° F H 961 0 F 1142 0 F 

AR-4 Col d Frame 1 Temp 7 350 0 F 550 0 F ---­ ---­ INOPERATI VE 

AR-5 Cold Frame 2 Temp 67 350 0 F 550 0 F L 460 0 F 402 0 F 585 0 F 

AR-6 Cold Frame 3 Temp 82 350 0 F 550 0 F 405 0 F 500° F INTERf1ITTENT 
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ALSEP 5 
BASIC 

TflB LE 6-VIIl.- ANALOG CHANNEL USIIGE.- Continued 

SYf1BO L LOCATION/NAr1E CHANNEL 

CENTRAL STATION DISCRETES 

AB-4 Pwr Distribution Status 12 ~ [ xper #2 

Experiments 1 & 2 Off Off 

Standby Off 

On Off 

Off Standby 

Standby Standby 

On Sta ndby 

Off On 

Standby On 

On On 

AB-5 Pwr Distribution Status 14 Exper #3 Exper #4 

Experiments 3 & 4 Off Off 

Standby Off 

On Off 

Off Sta ndby 

Standby Standby 

On Standby 

Off On 

Standby On 

On On 

AB -6 Upl i nk A/B and Power 26 

Routing Sta tu s Up1 ink Octal Count 

A 035 to 056 

057 to 101 

B 000 to 002 

025 to 033 

AB -8 Rece i ver A COlTOTland 9 

Subcarrier Status No Modulation 
Modul ation Present 

AB-9 Receiver B Command 17 

Subcarrier Status No t1odu1ation 
Modulati on Present 

Octal Count 

000 to 002 

015 to 021 

034 to 041 

075 to 106 

111 to 121 

126 to 137 

166 to 203 

204 to 220 

221 to 237 

Oc ta 1 Count 

000 to 002 

015 to 021 

034 to 060 

075 to 106 

111 to 121 

126 to 156 

166 to 203 

204 to 217 

220 to 255 

Power Routing 

Re1av Position 
\oJ X 

PC #2 PC #1 

PC #1 PC #2 

PC #2 PC #1 

PC #1 PC #2 

Oc tal Count 

000 to 075 
243 to 365 

Octa 1 Count 

000 to 075 
243 to 365 
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ALSEP 
BAS IC 

T\~LE 6-Vrrr.- Afl4Lnr; CHI\NNEL US .~c· E.- rontinued 

SYMBOL LOC ATrON /NAM E CHANNEL 

AB-l0 DOP X/Y STATUS 70 

ODP X ON 

DDP Y ON 

Octal Co unt 

160 to 220 

000 to 025 

AB-ll Pwr Distribution Statu s 

Experiment 5 - LSP 

73 Exper #5 

Off 

Standby 

On 

Octa 1 Count 

000 to 002 

016 to 021 

034 to 042 

AB-13 AP;·' STATUS 76 

APM ON 

APM OFF 

Octal Count 

330 to 375 

000 to 325 

AB- 14 Pwr Oumps 1 and 2 Sta tus 80 PDQl 

Off 

On 

Off 

On 

PD#2 

Off 

Off 

On 

On 

Octa 1 Count 

000 to 007 

065 to 107 

164 t o 213 

255 to 305 

AB-15 Periodic Corrmands 

Enabl e/ Inhibi t Status 

86 

Inhibit 

Enab 1 e 

Octa 1 Count 

000 to 025 

173 to 377 

AB -16 PC Autoswit ch Status 13 

Auto 

Auto 

Select 

Se 1 ec t 

PC#l 

PCff2 

Octal Count 

147 to 177 

313 to 377 

AB -17 ADP XIV 

Routing 

and Power 

Sta tus 

90 
ADP Octa 1 Count 

Power 

Relay 
W 

I'ou t i ng 

Position 
X 

X 

Y 

035 to 056 

057 to 101 

000 to 002 

025 to 033 

PC #2 

PC #1 

PC #2 

PC #1 

PC #1 

PC #2 

PC #1 

PC #2 

AB-18 Uplink 

Status 

Switch Delay 1 

Next Automa tic Switch-

over Enabled 

Nex t Automa tic S\;i tch­

over I nhi bi ted 

Octa 1 Co unt 

000 to 025 

173 to 377 
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ALSEP 5 
BAS IC/ PCN- 1 

TABLE 6-VIII.- ANALOG CHANNEL USAGE - Continued 

SYMBOL LOCATION/NAME CHANNEL NOtlINAL OPERATI NG LIMITS 

HEAT FLO>! 

AH-l Supply Vo 1tage 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 Supp ly 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 Sta tus 57 Discrete 

AH- 7 Low Conductivity Htr Pwr Status 75 Di s crete 

LUNAR SURFACE GRAVIMETER 

AG-1 Tide Signal 10 

AG-2 Free Mode Oscillation Signal 23 

AG-3 Seismic Signal 39 

AG-4 Hea ter Box Temp 68 

AG-5 Ins trument Hous i ng Pressure 89 

AG-6 Mass Changing Error Signal 54 

AG-7 Osci 11ator Ampl itude 24 

AG-8 Power Converter (15 v) 38 

AG-9 Power Converter ( -15 v) 53 

AG-10 Power Converter (5 v) 69 

LUNAR EJECTA AND METEORITES 

AJ-1 +5 Vol t Supply 83 

AJ-2 Sensor Dust Cover Status 83 

AJ- 3 Mi rror Dust Cover Status 83 

AJ ­ 4 Power Suppl y Moni tor 83 

AJ- 5 Bias Voltage Monitor 83 

AJ-6 Up Mi crophone Temp 84 

AJ-7 Eas t Mi crophone Temp 84 

AJ-8 Wes t Mi crophone Temp 84 

AJ ­ 9 Centra1 Electronics Temp 84 

AJ-10 -5 Volt Supply 84 

AJ- 11 Survival Temp 85 

5 to 20 Torr 

1. 000 to 3.500 v 

14.75 to 15.25 Vdc 

-15.25 to -14.75 Vdc 

4.75 to 5. 25 Vdc 

4.30 to 4.70 Vdc 

Di screte 

Discrete 

0.50 to 0.90 Vdc 

0.30 to 0.50 v 

-100 F to 150 0 F 

-10 0 F to 150 0 F 

-1 00 F to 150 0 F 

-100 F to 150 0 F 

-4.7 to -4.3 Vdc 

_50 0 F to 210 0 F 

LUNAR SEIStlIC PROFILING 

AP-1 Electronics Internal Temp 25 +33 0 F to 1380 F 
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ALSEP 
BASIC 

TABLE 6-VII I .- ANALOG CHANNEL USAGE - Concluded 

SYMBOL LOCATION/NAME CHANNE L NOMINAL OPERATING LlI~lTS 

LUNAR MASS SPECTROMETER 

AM- I Marker lD 40 

AM-2 Experiment Curren t Moni tor 40 

AM-3 Ion Pump Vo I tage 40 

AM - 4 Ion Pump Vo I tage 40 

Afl- 5 Baseplate Temp 40 

AM-6 Io n Source Temp 40 

AM-7 +12 v Supp l y Voltage 40 I I .90 to 12. I 0 Vdc 

AM-8 +5 v Supply Vo l tage 40 4.75 to 5.25 Vdc 

AM-9 - 12 v Supply Voltage 40 - 12. 10 to - II. 90 Vdc 

AM-IO - IS v Supply Voltage 40 -15.25 to - 14 . 75 Vdc 

AM-II Emission Current Monitor 40 

AM-1 2 Filament I Current Monitor 40 

AM- 13 Fi lament 2 Current rloni tor 40 

AM-14 Multiplier High Vol t age Monitor 40 

AM-IS Low Voltage Pwr Supp l y Temp 40 

AM-41 Electronics Temp 41 -50 0 F to 200 0 F 

AM-44 Sweep High Voltage 44 
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ALSEP 5 

BAS IC/ PCN-1* 

TABLE 6-IX.- LMS MEASUREMENTS 

Scientific Measurements 

Symbol Location/Measurement 
ALSEP 
Word Frame 

(Dynamic) 
Range 

Sensor 
Accuracy 

DM-3 

DM-4 

DM-5 

Low Mass (A) Range 

Intermediate Mass 
(B) Range 
High Mass (C) Range 

17 

19 

21 

Every 

Every 

Every 

. . 

2 Mi 11 i on Counts 
Per Second 
2 Million Counts 
Per Second 
2 Million Counts 
Per Second 

10- 5 Amp/Torr 

10-5 Amp/Torr 

10-5 Amp/Torr 

LMS Data Format for ALSEP Words #17, 19, and 21 

ALSEP Bit Position 1 2 3 4 5 6 7 8 9 10 

Shift Register and 
23 22 21 20Shift Counter 20th 19th 18th · l7th 16th 15th 

Bit Po sit ion s 

Transmitted Data Six Bits of Scientific Data Four Bits From 
in Shift Register Shi ft Counter 
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* 
TABLE 6-IX.- LMS MEASUREMENTS - Continued 

ALSEP 5 
BASIC/PCN-l 

Measurements that Appear in ALSEP Word 
Odd-Numbered Main Frames 

5 

Meaning When 
Meas No. Measurement 

Bit is 1 Bit is 0 

DM-ll Mode Identifi cati on Bit, MSB Odd Frame 

OM-Ol Command Line #1 (Bit 1) Entry No Entry 
Command Line #2 (Bit 2) Entry No Entry 
Command Line #3 (Bit 3) Entry No Entry 
Command Line #4 (Bit 4) Entry No Entry 
Command Line #5 (Bit .5) Entry No Entry 
Command Line #6 (Bit 6) Entry No Entry 

Experiment Measurements that Appear in ALSEP Word 5 
Even-Numbered Main Frames 

Meaning When 
Meas No. ~" easurement 

Bit is aBit is 1 

Even FrameMode Identification Bit, MSBDM-ll 
High LowMultiplier Voltage DM-12 

LowHighDiscriminator LevelOM-13 
BackgroundSweepStart of SweepOM-14 

Step LockStep (Auto.)-Lock (Manual)DM-15 
OFFONIon PumpDt>'J-16 
In PlaceRemovedOf'J- 17 Dust Cover 
OFFONBa ke Ou tHea terOM-18 
OFFONMultiplier &Sweep Hi gh Vo ltageOM-19 
OFFONFilament FlagOM-20 
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ALSEP 5 
BASIC/PCN-l* 

TABLE 6-IX.- LMS MEASUREMENTS - Continued 

Engineering Measurements 
16 functions of LMS Engineering Measurements are submultiplexed into ALSEP 
word 33, channel 40. One measurement is read out on channel 40 during each 
90-frame sequence. 

Symbol 
Sub-

Multi p 1 exed 
Sequence 

Measurement Operating Range 

AM-l 1 Marker ID (Eight lis) OCTAL 377 

AM-2 2 Experiment Current Monitor 230 to 430 rnA 

AM-3 3 Ion Pump Current 0.01 to 30 \1A 
AM-4 4 Ion Pump Voltage 3000 to 3700 Volts 
AM-5 5 Baseplate Temperature -160 to 150 0 C 
AM-6 6 Ion Source Temperature -60 to 280 0 C 
AM-7 7 +12 VDC Supply Voltage 12.0 ± 0.1 Volts 
AM-8 8 +5 VDC Supply Voltage 5.0 ± 0.4 Volts 
AM-9 9 -12 VDC Supply Voltage -12.0 ± 0.1 Volts 
AM-10 10 -15 VDC Supply Voltage -lb.O ± 0.1 Volts 
AM-ll 11 Emission Current Monitor 100 to 250 \1A 
AM-12 12 Filament #1 Current Monitor 1.2 to 1.7 Amps 
AM-13 13 Filament #2 Current Monitor 1.2 to 1.7 Amps 
AM-14 14 Multiplier High Voltage Monitor 0, -2400, or -3000 V 
AM-15 15 Low ·Vo ltage Power Supply 

Temperature 
-5 to 1400 F 

AM-16 16 Spare OCTAL 0 to 6 
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ALSEP 5 
* 	 BASIC 

TABLE 6-IX.- LMS MEASUREMENTS - Concluded 

2 Channels of Engineering Measurements are included in ALSEP Word 33 

Symbol Location/Measurement Analog Channel Sensor Ra nge 

AM-41 LMS Electronics Temp 41 -40 to 130 0 F 

AM-44 LMS Sweep High Voltage 44 0, 320, 1420 Volts 
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ALSEP 5
* BASIC 

LEM1 
tJord 

ALSEP 
Word 

MSB LEAN Bit Position . LSB 

1 2 3 I 4 5 I 6 1 7 8 1 9 I 10 

1 31 OJ--1 
I 'OJ_2 I I OJ-3 I 

2 39 
J 

OJ--4 
I 

'OJ_5 J I OJ-6 I 

3 31 
I 

OJ--7 
I 'OJ-8 I I OJ-9 ' 

4 39 
I ,

OJ --10 
, I I , 

OJ--ll 

5 31 
• 

DJ-12 
I 

IOJ-13 ' 'OJ-14 
1 

6 39 
I 

OJ --15 
I 

I OJ -16 I , OJ-l7' 

7 31 
I 

OJ - ­ 18 
, 

I OJ-19 I , OJ-20' 

8 39 
I I 

OJ - ­ 21 
, , , I 

OJ--22 

9 31 
I 

OJ--23 
, 

OJ--24 I OJ-25 I I OJ -26' 

10 39 
I 

OJ--27 OJ-28/0J-29 'OJ-30 
J 

I OJ -31' 

Figure 6-3.- LEAM transmitted word format. 
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ALSEP 5 
BASIC 

TABLE 6- X. - LEM\ MEIISURU1ENTS 

Scientific Measurements 

The fo 11 014 ing measurements are sequenced in ALSEP ~Iord 31 and 39 for five consecutive main frame s . 
sequence is repeated for eighteen times during each s et of 90 main frames. 

The 

Sym bol Measurement Lo Cd t i on 
LEAfl 

Word 

ALSEP 

fjord 

ALSEP r1ain 

Frame 

Ass i gned 

Bits 

DJ-l 

DJ-2 

DJ-3 

Front Film ID 

Front Film PHA (Pulse Height Analysi s) 

Front Film Acc umu 1 a tor 

UP 

Dual 

Sensor 

Assemb 1 y 

1 31 1, 6, 11, etc. 1-4 

5- 7 

8-10 

DJ-4 

DJ- 5 

DJ-6 

Rear Fil mID 

Rear Film PHA 

Rear Film Accumulator 

2 39 1, 6, 11, etc. 1-4 

5-7 

8-10 

DJ-7 

DJ-8 

DJ-9 

Front Collector ID 

Microphone PHA 

Microphone Accumulator 

3 31 2, 7, 12, etc. 1-4 

5-7 

8- 10 

DJ-10 

DJ-ll 

Rea r Co 11 ec tor lD 

El apsed Time 

4 39 2, 7, 12, etc. 1-4 

5-10 

DJ-12 

DJ-13 

DJ-14 

Front Film ID 

Front Film PHA 

Front Film Accumulator 

EAST 

Dua 1 

Sensor 

Assembly 

5 31 3, 8 , 13, etc. 1-4 

5-7 

8-10 

DJ-15 

DJ-16 

DJ-17 

Rear FilJT1 I D 

Rear Film PHA 

Rear Fi 1m Acc umulator 

6 39 3,8, 13, etc. 1-4 

5- 7 

8-10 

DJ-18 

DJ-19 

DJ-20 

Front Co llector ID 

fli crophone PHA 

Microphone Accumul ator 

7 31 4, 9, 14, etc. 1-4 

5-7 

8-10 

DJ-21 

DJ-22 

Rear Collector ID 

El apsed Time 

8 39 4, 9, 14, etc. 1-4 

5-10 

DJ-23 

DJ-24 

DJ- 25 

DJ-26 

Film lD 

Co 11 ector lD 

Fi lJT1 PHA 

Film Accumulator 

WEST 

Sing l e 

Sensor 

Assembly 

9 31 5, 10, 15, etc. 1-2 

3-4 

5-7 

8-10 

DJ-27 Secondary t1i crophone Accumulator 10 39 5, 10, 15, etc. 1-2 

DJ-28 Analog Data Synchronization ID Bit 3 

DJ-29 Heater Status 4 

DJ-30 fla i n Mi crophone PHA 5- 7 

DJ-31 Main Microphone Acc umulator 8-10 
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* AlSEP 5 
BASIC/ PCN-l 

TABLE 6-X.­ LEAM MEASUREMENTS (Concluded) 

Engineering Measurements 

Sym bo 1 Measurement 
ALSEP Word 33 

Channe 1 Range 

AJ-l LEAM +5 V Supply 83-01 5.0 :': 1.0 Volts 

AJ-2 LEAM Sensor Dust Cover Status 83-02 Octal 234 - 321 
000 - 013 

(Squi bs Not Fi red) 
(Squibs Fi red) 

AJ-3 LEAM Mirror Dust Cover Status 83-03 Octal 234 - 321 
000 - 013 

(Squibs Not Fi red) 
(Squibs Fi red) 

AJ-4 LEAM Power Supply tionitor 83-04 0.7 ± 0.2 V 

AJ-5 LEAM Bias Voltage Monitor 83-05 0.4 ± 0.2 V 

AJ-6 LEAM Up Microphone Temperature 84-01 _20 0 F to +150 0 F 

AJ-7 lEAM East Microphone Temperature 84-02 -200 F to +150° F 

AJ-8 LEAI'! Hest ~licrophone Temperature 84 -03 _20 0 F to +150 0 F 

AJ-9 lEAM Central Electronics Temperature 84-04 -20 0 F to +150° F 

AJ-10 LEAH -5 V Supply 84 -05 -5.0 ± 1.0 Volts 

AJ-ll lEAM Survival Temperature 85 -500 F to +210° F 

I P-l 

I P-l 
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ALSEP 	 5* BASIC/PCN-l 

Heat 
Flow 

Bit Position AISEP 
FramesWord 1 2 3 4 5 6 7 8 9 10 

0 
R2 Rl 0 P4 P3 P2 Pl 212 2" 210 

0 

29 28 27 26 25 24 23 22 21 20 1 

1 
R2 ~l Ml M2 M3 0 0 212 2" 210 

2 

29 28 27 26 25 24 23 22 21 20 
3 

2 
R2 Rl H4 H3 H2 Hl 0 212 2" 210 

4 

29 28 27 26 25 24 23 22 21 20 
5 

3 
R2 Rl 0 0 0 0 0 212 2" 210 6 

29 28 27 26 25 24 23 22 21 20 7 

Notes: 
1. 	 It takes two ALSEP main frames to downlink one heat flow 


word. It takes four heat flow words to obtain one measure­

ment except in Thermocouple Group Probe 1 and 2. In Thermo­

couple Group Probe 1 and 2 each heat flow word contains a 

single measurement. 


2. 	 Measurement DH-90: Ml , M2, and M3 identifies mode. 
3. 	 Measurement DH-91: P4, P3, P2 and Pl are measurement identification IP-l 

in gradient mode and low conductivity mode. 
4. 	 Measurement DH-92: R2 and Rl are the binary equivalent of heat 

flow word and identify the analog parameters (l3-bits) that are 
used in the calculation to derive the engineering units for a 
measurement number. 

5. 	 Measurement DH-93: H4, H3, H2, and Hl identify the conductivity 
heater- status. In the high conductivity mode it identifies the 
measurement numbers also. 

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

Figure 	6-4. - HFE word format. 
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ALSEP 5
* BASIC 

TABLE 6-XI.- HFE MEASUREMENTS, MODE 1 AND 2 GRADIENT AND LOW CONDUCTIVITY 

SYMBOL LOCATION/MEASUREMENT FRAME RANGE 

DH-1 li Tll H Temp Grad High Sens 0-7 ±2°C 

DH-2 liT12 H Temp Grad High Sens 8-15 ±2°C 

DH-3 liT21 H Temp Grad High Sens 90-97 ±2°C 

DH-4 liT22 H Temp Grad High Sens 98-105 ±2°C 

DH-5 liTll L Temp Grad Low Sens 180-187 ±20°C 

DH-6 liT12 L Temp Grad Low Sens 188-195 ±20°C 

DH-7 liT21 L Temp Grad Low Sens 270-277 ±20°C 

DH-8 liT22 L Temp Grad Low Sens 278-285 ±20°C 

DH-9 Tll Probe, Ambient Temp 360-367 200 to 250 0 K 

DH-10 T12 Probe, Ambient Temp 368-375 200 to 250 0 K 

DH-11 T21 Probe, Ambient Temp 450-457 200 to 250 0 K 
DH-12 T22 Probe, Ambient Temp 458-465 200 to 250 0 K 

DH-13 Ref T1, Temp Ref Junction 540-547 -20 to +60°C 
DH-14, 24, 34, 44 TC 1 Group Probe Cable Temp 548-555 90 to 350 0 K 
DH-15 Ref T2, Temp Ref Junction 630-637 -20 to +60°C 
DH-16, 26, 36, 46 TC 2 Group Probe Cable Temp 638-645 90 to 350 0 K 
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ALSEP 5 
BASIC/POI_l 

TA8LE 6-XII.- HFE MEASUREMENTS, MODE 3, HIGH CONDUCTIVITY 

SYMBOL LOCAT ION/MEASUREMENT FRAME RANGE H-BITS PROBE BRIDGE HEATER STATUS 

DH-50 Di fferenti a 1 Temp 0-7 0000 1 1 Off 
DH-51 Ambient Temp 8-15 0000 1 1 Off 
DH-52 Di fferenti a 1 Temp 0-7 0001 1 1 H12 On 
DH-53 Ambient Temp 8- 15 0001 1 1 H12 On 

DH-60 Di fferenti a 1 Temp 0-7 0010 1 2 Off 
DH-61 Ambient Temp 8-15 0010 1 2 Off 
DH-62 Di fferenti a 1 Temp 0-7 0011 1 2 H14 On 
DH-63 Ambient Temp 8-15 0011 1 2 H14 On 

DH-56 Differential Temp 0-7 0100 1 1 Off 

DH-57 Ambient Temp 8-15 0100 1 1 Off 

DH-58 Di fferenti a 1 Temp 0-7 0101 1 1 Hll On 

DH-59 Ambient Temp 8-15 0101 1 1 Hll On 

DH-66 Differential Temp 0-7 0110 1 2 Off 

DH-67 Ambient Temp 8- 15 0110 1 2 Off 

DH-68 Differential Temp 0-7 0111 1 2 H13 On 

DH-69 Ambient Temp 8-15 0111 1 2 H
13 

On 

DH-70 Differential Temp 0-7 1000 2 1 Off 

DH-71 Ambient Temp 8-15 1000 2 1 Off 

DH-72 Differential Temp 0-7 1001 2 1 H22 On 
DH-73 Ambient Temp 8- 15 1001 2 1 H22 On 

DH-80 Differenti a 1 Temp 0-7 1010 2 2 Off 

DH-81 Ambient Temp 8- 15 1010 2 2 Off 

DH-82 Differential Temp 0-7 1011 2 2 H24 On 
DH-83 Ambient Temp 8-15 1011 2 2 H24 On 

DH-76 Differential Temp 0-7 11 00 2 1 Off 

DH-77 Ambient Temp 8-15 1100 2 1 Off 

DH-78 Di fferenti a 1 Temp 0-7 1101 2 1 H21 On 

DH-79 Ambient Temp 8-15 1101 2 1 H21 On 

DH-86 Differential Temp 0-7 1110 2 2 Off 

DH-87 Ambient Temp 8-15 1110 2 2 Off 

DH-88 Differential Temp 0-7 1111 2 2 H
23 

On 

DH-89 Ambient Temp 8-15 1111 2 2 H
23 

On 

TABLE 6-XIII.- HFE MEASUREMENTS, ANALOG 

SYMBOL LO CA TI ON/MEASUREM Em- CHANNEL RANGE 
DEC IMAL 

PCM 

AH-l 

AH-2 

AH-3 

AH-4 

AH-5 

AH-6 

AH-7 

Supply Vo 1 tage #1 

Supp ly Voltage #2 

Supp ly Voltage #2 

Supp ly Vo ltage #4 

Not Assigned 

Low Cond Heater Power Status 

High Cond Heater Power Status 

29 

45 

55 

74 

57 

75 

0 to +5 Vo lts 

0 to -5 Volts 

0 to +15 Volts 

0 to -15 Volts 

2 to 2.5 Volts On 
otherwi se Off 

2 to 2.5 Volts On 
otherwi se Off 

102-128 Htr On 
3-101 Htr Off 

102-128 Htr On 
3- 1 01 Htr Off 

I P-l 
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ALS EP 5 
BASIC/PCN-l 

LSP 
Subframe 

1 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 
2 

" 
" 
" 

" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

3 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Notes 

30 LSP 
20 LSP 

LSP 
Word 

1 

1 
3 
~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

bit 
words 

3 sub frames 

LSP BIT POSITION 

11 21314151617 8 19 110 11111 2 11 3 11 4 15 11 6117 11 8 11 9 120 121 

OP-17 I OP-l I OP-6 I 
DP- l DP -6 DP-ll 

" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " , " " 
" " 

" " " 
" " 
" " 

" 
" " " 
" " " 

DP -1 7 I DP- l I OP-6 I 
DP-l OP - 6 OP-ll 

" 
" 
" 
" 
" 
" 

" 
" 
" 
" " 
" " 
" " 
" " 
" " 
" " 

, 

" " " 
" " " 

DP-17 I DP-l I DP-6 1 

DP-l OP-6 DP ­ ll 
" 

" " 
" " 
" " 
" " 

" 
" 
" 
" 
" 
" 
" 
" 
" " 
" " 
" " 
" " 
" " 

LSP word 
LSP subframe 
LSP frame 

221231 24 125 126 127 12829 1 30 

OP-11 OP-16I 
DP-16 DP-18 DP - 19 

DP-2D" 
DP-2" 

" 
" 
" 

" 
" " 
" DP-3 
" " 
" " 

" I P-lA£-24 
" 
" 
" 

DP- 5 

" 
" 

DP-2l 

DP-ll DP-161 

DP-18 DP-19 
SPARE 
AE-3 

OP-1 6 

" 
" 

AT -1 6 

" 
" 

DP-l0 
" 
" 
" 

AE -4 
" 
" 
" 

DP-21 

DP- ll I DP-16 

DP - 16 

" 

" 

" 

" 

" 


" 
" 
" 

!lP-1 8 DP-19 
SPARE 
AB-4 

" 
" 
" 

DP-14 
" 
" 
" 

SPARE 
" 
" 
" 

A8-5 
" 
" 
" 

DP-21 

When the LSP transmitter i s commanded to "RF Fire Pulse ON". item DP -20 (RF Fire Pulses Status) will be 11 in LSP 
Sub frame 1 in only one sub frame out of 174 s ubframes (29.55 seconds) which is coincident with the actual RF 
transmi tter pulse train . 

Fi gure 6-5 . - LSP transm itted word format. 
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* ALSEP 5 
BASIC/PCN-1 

TABLE 6-XIV. - LSP MEASUREMENTS 

Symbol Measurement 
LSP 
Word 

LSP 
Bits 

LSP 
Sub Frame 

Transmi t ted 
Data 

DP-17 LSP Frame Synchronization** 1 1-10 1,2,3 Modified Barker Code 
DP-1 * Geophone No. 1 1 11-15 " 27 26 25 24 23 , , , , 
DP-1 * Geophone No. 1 2-20 1-7 " 27,26,25,24,23,22,21 

DP-6 * Geophone No. 2 1 16-20 " 27 thru 23 

DP-6 * Geophone No. 2 2-20 8-14 " 27 thru 21 

DP- 11 * Geophone No. 3 1 21-25 " 27 thru 23 

DP-11 * Geophone No. 3 2-20 15-21 " 27 thru 21 

DP-16* Geophone No. 4 1 26-30 " 27 thru 23 

DP-16* Geophone No. 4 2-20 22-28 " 27 thru 21 

DP-18 Geophone Calibration Pulse 
Sta tus 

2 29 1,2,3 0 = OFF; 1 = ON 

DP-19 Geophone Amplifier Gain 

Status 

2 30 1,2,3 1 = Normal; 0 = Low 

DP-20 RF Fi re Pulses Status 3 29,30 1 00 = OFF 

11 = RF Fire Pulses ON 

3 29,30 2,3 Not Used (Spare) 00 Will 
be Filler Bits 

DP-2 LSP MUX AID Calibration 
Reference Voltage No. 1 

4 29.30 1 27,26 

5 29,30 25 ,2 4 

6 29,30 23,2 2 

7 29,30 21,20 

* Science Data Format 

** LSP Sync Pattern is 0000111011 
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* 

TABLE 6-XIV.­ LSP 

Symbol 

DP-3 

Measurement 

LSP DC / DC Converter 
Vo ltage Output 

LSP 
Word 

8 

9 

10 

11 

AE-24 ALSEP CIS Reserve Current 12 

13 
14 

15 

DP-5 LSP MUX A/D Calibration 

Reference Voltage No.2 

16 

17 
18 
19 

DP-21 LSP Sub frame I denti fi cati on 

Bits 

20 

AE-3 ALSEP CIS PC No. 1 Input 

Voltage. 

(PC No.2. Input Voltage is 
not monitored via LSPE MUX) 

4 

5 
6 

7 

AT-16 ALSEP CIS Thermal Plate 
No.6 Temperature 

(AT-16 is next to AT-4) 

8 

9 

10 

11 

ALSEP 5 
BAS IC/ PCN-1 

MEASUREMENTS - Continued 

LSP LSP Transmi tted 

Bits 
 Sub Frame Data 

29,30 

29,30 

29,30 
29,30 

29,30 

29,30 
29,30 

29,30 

29,30 

29,30 
29,30 
29,30 

29,30 

29,30 
29,30 

29,30 

29,30 
29,30 

29,30 

29,30 

29,30 
29,30 
29,30 

6-32 

1 zlll, 

25,2 4 

23,22 

20
21 , 

27,2 6 I P-1 
25 ,24 

23 ,22 


20 


1 

21 , 

27 ,26 


25,2 4 


23,22 

21 ,20 


1 

11 = LSP Subframe No. 11 

2 01 = LSP Subframe No. 2 

3 10 = LSP Subframe No. 3 

2627 ,2 

25,24 


23,2 2 


2021 , 

27 ,262 

25 ,24 


23,2 2 


20
21 , 



* 	 ALSEP 5 
BASIC/PCN-1 

TABLE 6-XIV.- LSP MEASUREMENTS - Concluded 

Symbo 1 


DP-10 


AE-4 


AB-4 


DP-14 


Spare 

AB-5 


Measurements 

Geophone Calibration Pulse 
Amplitude 

ALSEP CIS PCU 

Input Current 

ALSEP CIS Experiments No. 1 

and No. 2 Power Status 


LSP Temperature Monitor 

ALSEP CIS Analog (Spare) 

(Grounded - reads octal 001) 

ALSEP CIS Experiments No. 3 

and No. 4 Power Status 


LSP 

Word 


12 


13 


14 


15 


16 


17 


18 

19 


4 


5 

6 


7 


8 

9 


10 


11 


12 

13 


14 

15 


16 


17 

18 

19 


SLP 

Bits 


29,30 

29,30 

29,30 

29,30 

29,30 

29,30 

29,30 
29,30 

29,30 

29,30 

29,30 
29,30 

29,30 

29,30 
29,30 

29,30 

29,30 
29,30 
29,30 
29,30 

29,30 

29,30 

29,30 
29,30 

6-33 


LSP 
Sub Frame 


2 


2 


3 


3 


3 


3 


27,2 6 


25,2 4 


23 ,22 


20
21 , 

27,26 

25,2 4 


23 ,22 


20
21 , 

26
27 , 

25,2 4 


23,22 

20
21 , 

27 ,26 


25,24 


23 ,22 


21,20 


27 ,26 


25,24 


23,22 


20
21 , 

27,26 

25 ,24 


23,2 2 


21,20 


Transmi tted 

Data 


I P-1 




* 

TABLE 6-XV.- LSG MEASUREMENTS 

(36-WORD LSG MAIN FRAME) 

Scientific Measurements: 

ALSEPSymbol Measurement Frame Dynami c Ra ngeHord 

DG-1 Sei smi c 
DG-2 Tide 
DG-3 Free Mode 
DG-4 Sensor Temperature 

Even No.* Every 0.0001 to 0.1 Micron 

25 Every o to 200011 gals 
27 Every 0.004 to 411 gals 
29 Every 50° C ± 2° C 

ALSEP 5 
BASIC/PCN-l 

Sensor 
Accuracy 

tlords/ 
Frame 

±O.OOOl Micron 

±2.01l gals 

±0.0041l ga1(rms) 
±0.002° C 

31 
1 

1 

1 

P-1 

*Every even-numbered word except #2. 

LSG Data Format for DG-1 through DG-4 

Bit Position 1 2 3 4 5 6 7 8 9 10 

Binary 29 28 27 26 25 24 23 22 21 20 

Transmitted Data (MSB) Ten Bits of Scientific Data (LSB) 

6-34 




ALSEP 5 
BASIC* 

TABLE 6-XV.- LSG MEASUREMENTS - Continued 

LSG Experiment Operate Status 

ALSEP Word No. 35 

Meas. No. Measurement 
Meanina When 

Bit is 1 Bit is 0 

DG-ll 

DG-12 

DG-13 

Temperature Relay #1 (Bit 1) 
Temperature Relay #2 (Bit 2) 

Temperature Relay #3 CBit 3) 
Temperature Relay #4 CBit 4) 
Temperature Relay #5 (Bit 5) 
Temperature Relay #6 (Bit 6) 
Mass Change ~1otor 

Coarse/Fine Screw Servo Motor Status* 

Selected 
Selected 
Selected 
Selected 
Selected 
Selected 
ON 

Not Selected 
Not Selected 
Not Selected 
Not Selected 
Not Selected 
Not Selected 
OFF 

DG-14 
'-­

Tilt Servo Motor ON OFF 

,
Bit I Bit 2 I FunctionI* DG-13 

-
LSG Command Register Status ~__O__ --f- _9 u 

~ 

I 

OFF
• 

o I 1 ! 
I OFFALSEP Word No. 37 i -­~, 1--- -1 -0 

NOT SLE~JING 
~- - - -----l-------=- . - . - ­ -

1 j 
i 1 SLEWING 

_ u 

Meas. No. Measurement 
Meaninq 

Bit is 1 
When 

Bit is 0 

DG-15 
DG-16 
DG-17 
DG-18 
DG-19 

Command Decoder Power 
Instrument Housing Heater Power 
Pressure Transducer Monitor 
Seismic High Gain Mode 
Not Used - Spare (Bit 1) 

Command Counter, 24 Bit* CBit 2) 
Command Counter, 23 Bit (Bit 3) 

Command Counter, 22 Bit (Bit 4) 

Command Counter, 21 Bit (Bit 5) 

Command Counter, 20 Bit (Bit 6) 

ON 
ON 
ON 
High 

Fi 11 er Bit 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
Low 

OFF 
OFF 
OFF 
OFF 
OFF 

*The 5-Stage Command Counter Bits refer to the set of 30 LSG commands 
obtained via the UP, DOWN, and EXECUTE Commands (Octal commands 72, 74, and 67 
respectively). When the LSG Command Decoder is powered OFF, these five bits are 
indeterminate (but probably all lis). 
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* 	 ALSEP 5 
BAS IC/PCN-1 

TABLE 6-XV.- LSG MEASUREMENTS - Concluded 

Engineering Measurements: 

ALSEP Word No. 33 

ALSEP 
Symbo 1 Measurement Channel Operating Range 

AG-Ol LSG Seismic Signal 39 ± 10 Volts 
AG-02 LSG Tide Signal 70 ± 7000 ~ga1 s 
AG-03 LSG Free Mode Oscillation Signal 23 ± 10 Volts 
AG-04 LSG Sensor Temperature 68 50.0 0 C ± 20 C 

. AG-05 LSG Instrument Housing Pressure 89 0.5 to 30 torr 
AG-06 LSG Mass Position Signal 54 2.3 to 3.9 Volts 
AG-07 LSG Oscillator Amplitude 24 15 ± 1.0 Volts (p-p) 
AG-08 LSG Power Converter (+15V) 38 +15 ± .75 Volts 
AG-09 LSG Power Converter ( -15V) 53 -15 ± .75 Volts 
AG-10 LSG Power Converter (+5V) 69 +5 ± .25 Vol ts 

W;;·rcr·-Eit 
f-- .. __ ':=:::::::::" 

35 

37 

Bit Allocations for ALSEP Word 35 and 37: 


2 4 ' 56 7 
 10_~_.L I....~ .1 8 \ _ ~--\- . ­
DG-13DG-ll ' ~ OG-14 

"-

4 i il;-, ~Bit~ DG~ l2 2Bit l lBit 2 Bit 3 Bit s.~ t _l JS.i ~ 
'DG-16 DG-18 DG-19 

DG-15 DG-17 Bit 11 Bi1:- 2 18i1: 3[Bit 4JBit 51Bit6 
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* 
Upon command from ground to Shaft Encoder Mode, the Command Counter Bits (Bits 6 through 10) in ALSEP Word No. 37 

will register 00001. After Corrvnand Execute (CMD067) and receipt of the follol-ling 90th Frame Mark, LSG Words 

in the main frame will contain the Coarse Encoder and Fine Encoder bit values as described below. Encoder data 

will be transmitted for ninety main frames and upon receipt of the next 90th Frame Mark LSG will automatically 

reset to Normal Scientific Data Mode. 

m 
I 

W 
-....J 

Symbol ALSEP 
Vio rds Item 

ALSEP Bits 

1 2 3 4 5 6 7 8 9 10 

DG-7 4, 12, 20, 34, 

46, 54, 62 
Coa rse Encoder 

(MSB) 

Spare 

(1) 

(MSB) 

218 217 216 215 214 213 212 211 210 

DG-8 6, 14,22, 

35 through 38, 

40, 48, 56, 64 

Coa rse Encoder 

(LSB) 29 28 27 26 25 24 23 22 21 
(LSB) 

20 

DG-9 8, 16, 24 

42, 50, 58 

Fine Encoder 

(MSB) 

Spare 
(1) 

(MSB) 

218 217 216 215 214 213 212 211 210 

DG-10 10, 18, 25 

25 through 30, 

44, 52, 60 

Fine Encoder 

(LSB) 29 28 27 26 25 24 23 22 21 
(LSB) 

20 

Figure 6-6.- LSG shaft encoder mode. 

(36-word LSG main frame) 
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ALSEP 5 
BASIC* 

LUNAR MASS 
SECTION 7 
SPECTROMETER (S205) 

7.1 SYSTEM DESCRIPTION 
The lunar mass spectrometer (LMS) will measure lunar atmospheric 
composition, density, and distribution. These data will be used 
to determine: sources of the atmosphere such as solar wind, 
volcanism, and meteorite impact; sinks of the atmosphere such 
as photoionization/solar wind field and thermal escape; trans­
port phenomena such as theories of planetary exosphere dynamics, 
diurnal variations ~nd gas venting of source; residual con­

tamination which is determined by diffusion rates of gas clouds 
and the outgassing rate of the surface. 

7.1.1 LMS 
The instrument is a three-channel magnetic sector field mass 
spectrometer with a Nier-type thermionic electron bombardment 
ion source. 

7. 1 .2 LMS Electronics 
The LMS electronics consist of an electronic multiplier, 
preamplifier, discriminator, counter, and data compressor for 
each of three mass ranges. 

7.1 .3 Ion Production, Acceleration, and Collection 
Ions are produced by bombarding a sample of the lunar atmosphere 
with electrons emitted from a hot tungsten filament. The ions 
are accelerated by a stepped high voltage sweep having an 
exponential waveform and collimated into a beam that is directed 
between the poles of a gO-degree sector permanent magnetic field. 
The magnetic field separates the beam into various trajectories. 
The radius of curvature of each trajectory depends on the mass of 
the ions. The ions impinge upon three collector slits appropriately 
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located to collect ions in the mass ratio of 1:12:27 [i.e., in 
the mass ranges from 1 to 4, 12 to 48, and 27.4 to 110 atomic 
mass units (AMU)]. 

7.1.4 	 Mass Spectrometer Scanning 
The mass spectrometer is scanned by varying the ion accelerating 
voltage from 320 volts to 1420 volts in a series of 1350 steps. 

FUNCTION NUMBER 
OF STEPS 

VOL TSj 
STEP VOLTAGE RANGE 

BACKGROUND 10 0.0 0 
CALIBRATION 10 0.0 0 
LINEARIZATION NO. 1 690 0.4 320 V TO 596 V 
LINEARIZATION NO. 2 250 0.8 596 V TO 796 V 
LINEARIZATION NO. 3 390 1.6 796 V TO 1420 V 

- ­
1350 

The sweep voltage dwells on each voltage step for one main 
frame (0.6 seconds) while the 21-bit electron counter 
accumulates ion counts. 

7.2 	 SYSTEM OPERATION 

7.2.1 	 Ion Source 

The ion .source consists of two filaments, one of which acts as 
an anode and the other (heated) as the cathode for the electron 
bombardment. In the event that one filament should burn out, 
the other filament can be activated as the cathod~ and the burned 
out filament becomes the anode. Two plates, called "J" plates, 
are used to focus the beam on the three slits in the analyzer 
chamber. 
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7.2.2 	 Emission Cont rol Circuits 

The emission current is either fixed or cyclic - selection 
being made by ground command. 

The fixed 	mode has bias voltage -70 Vdc at 250 microamps. The 
cyclic mode bias voltG g ~ is stepped through -70 Vdc, -17.5 Vdc, 
-25 	 Vdc, and -20 Vdc at 100 microamps. Each step is held for 
one 	 complete scanning cycle (13.5 minutes). 

7.2.3 	 Ion Pump 

The ion pump is a cold cathode type of ionizinq pump in which 

the gas atoms are ionized and trapped in an area of high 

magnetic field. The current generated by the ion flow in the 
pump will serve as a vacuum measurement. 

1.2.4 	 Ana lyzer Chamber 

The analyzer chamber consists of the main chamber area which 
has a permanent magnlO't mounted such that the magnetic field is 

perpendicular to the ions' plane of motion. There are three 

slits and behind each of them a multiplier tube is mounted and 
accurately aligned. The multiplier tube consists of a number 

of grid elements mounted and evenly spaced along the tube. 

These elements when mechanically shocked will emit electrons. 
The positive potential is applied to the last grid (anode), 
and the negative ground is connected to the first grid. 

7.2.5 	 High Voltage Sweep 
The program sweep high voltage power supply circuit produces 
the sweep high voltage that is used to accelerate the ions. 

The digital circuitry provides a choice of two outputs: 
A. 	 A voltage sweep that is automatically exponential with 

respect to time. 
B. 	 A voltage that can be locked at a given value. 
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The exponential voltage waveform is accomplished by counting 
fi rs t every fourth frame count, then every other count, and 
finally every count. 

Pre-Amp/Discriminator Circuitry 
There is a pre-amp/discriminator circuit for each channel of 

data. Also included is a calibration oscillator and pulse 
shapero The oscillator is used once during each cycle to 

produce a known count in each counter. A switching circuit 
is used to set the discriminator level high or low. This 

level determines the height of the pulse necessary to pass 
the discriminator and allows the count to go through but 

inhibits the noise level. 

DATA HANDLING AND DATA COMPRESSION 
Ion data are detected and counted in a 21-bit binary counter. 
The data counts are parallel gated into a 21-bit shift 
register upon arrival of the main frame mark. The binary 
counts now in the shift register are shifted towards the high 

order end (MSB end) and each bit shift is recorded in a 4-bit 
shift counter. The shift stops when a logic "111 state is 

detected in the twenty-first bit or when 14 shifts have occurred. 
If 14 shifts have occurred and the twenty-fi rst bi tis sti 11 
a logic "0", the 4-bit shift counter is advanced to 15 while 
the twenty-first bit remains at "0". The 6 high order bits 

currently in the shift register plus the 4 bits from the shift 
counter are gated into a 10-bit shift register to be shifted 
out at command on the data demand line. The twenty-first bit 
which is always a "1" (unless the 4-bit shift counter is 15 

and then it is a "0") is known and, hence, 7 bits of data 
information are known while only 6 bits of science data are 
sent. 
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Emission/Filaments 

Multiplier 
Disc Low and J-Plate 

Voltage Step 

Bakeout Heater 
. Ion Pump, Multiplier, 

and Sweep HV 

Off 

Low 

Enabled 

Disabled 

Off 

TABLE 7-II.- LMS POWER USAGE 

Circuit 

l. 	 Emission Control 

2. 	 Sweep High Voltage Power 

Supply 


3. 	 Digital Sweep Control 

4. 	 Preamps. &Discrim. 

5. 	 Counter &Data Compo 

6. 	 Housekeep Multiplexer 

7. 	 Si gnal Condi ti oning 

8. 	 Multiplier High Voltage 

Power Supply 


9. 	 Low Voltage Power Supply 

10. 	 Ion Pump High Voltage 
Power Supply 

11. 	 Thermal or Dust Cover 
Control 

12. 	 Ion Source Bake Out Heater 

13. 	 Sensors, Misc. 

Circuit 

Operate 

4.42w 

0.45w 

Input Power 

Standby 

---­

---­

0.69w 

1 .2lw 

1.50w 

0.42w 

0.37w 

1.llw 

---­
---­
---­

---­
---­
---­

6.6lw 
0.35w 

0.5 w 

---­
---­

6.7 w IP-l 

0.20w 

11.00w 
O. lOw 
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MSB MSB 


BIT POSITION 1 2 3 4 5 6 7 8 9 10 

DATA SCIENCE DATA COUNT 

Figure 7-1.- LMS data format for ALSEP words 17,19, and 21. 
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LMS total power - watts 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Lunar 
noon 

Lunar 
night 

19j1m-!i*i:~ iU Il-t~~ I i.ti' r+H1 I . ' ! ,fti lh'1 3 8 ~ 1':1 :" :, : 
"'P' tlf " >t'i H, "I1 , 'r'l Itt ~1:!-t:I-H'I'!ff:H±l:±Ii:rnr.H'" +F-H-+"W~.: I' .J~'v· I.lm.l t HIl ,I ,'+' , 1 ~j: I ' ' 

Dust cover release - 18 sec. "" " "! ua, >" '" 
~: t:n ' ~ i' . , I' ,f 'l~ ~ ,:, ' ,i," 

l ii :ld: I @I.il=: i H ;; ;[~! illJUillth l~~i-4-t1-U . : : i ~ H ,:n; '!i h);, ,:j , 
Low voltage and ion pump L-;-Jl[[]'TIlfT" ~lf " 1t ,:; ·;l tJ:,i, I "" 

, ~ I 1 .1 Hl-iJtl Hsi ~~, :" 

Figure 7-2.- LMS power profile. 
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mJrk pulse 
Frame ~ 
mark pulse 

90th frame ___----l L--____-' L ______n_________fL 

+4VSweep 	 ~---------------------------~-
OVstart gate I I 

I I 

Calibration I I 

gate 
 ~--~I~LJ~--------------------.~_ +4V 

OVI I 

Pedestal I OVvoltage L-______________________________~ 
-15V 

IL-
Sweep 

OV 

13.5 minutes1f 
I 	 -II 

I 

I I I 


/ , 
Power o 1020 710 959 1350 0 Stepsturn-on (0) (690) 	 (939) (1330) (Sweep 

steps) 

control 
voltage 

Sweep high 
voltage 

OV 

Linearization no 3 -10V 

Li neari zat i on no 2 +1421V 

Linearization no 1 

---320V 

Figure 7-3.- Programed sweep HV power supply timing diagram. 
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SECTION 8 

LUNAR EJECTA AND METEORITE EXPERIMENT (S207) 

SYSTEM DESCRIPTION 

The lunar ejecta and meteorite experiment (LEAM) consists of 

three particle sensors and associated electronics. Two of the 

sensors have front and rear film assemblies and one has only a 
rear film assembly. 

A dust particle impacting on the film causes the metal to ionize. 

The ions and electrons are collected on the films and grids 

which are biased negative and positive, respectively. Identi­

fication of the particle impact point on either the front or 
- rear film assembly is made by recording the film strip and 

grid strip at which the signal was generated. 

Signals from each collector and film strip in both the front 

and rear film assemblies are threshold detected. When a signal 

exceeds the threshold, it is recorded in a storage register 

location for that particular film or collector grid strip. 

The amplitude of the impact is proportional to the generated 
ionization and to the signal superimposed on the films and 

grids. This amplitude is measured and recorded as a binary 

number in a storage register. The time interval between impacts 

on the front and rear films is measured and recorded in another 

storage register. 

The particle impact on the rear film is also detected by a 
crystal microphone attached to the center of the assembly. The 
amplitude of the microphone signal is considered proportional 

to t~e momentum and is analyzed and stored in the register. 

A secondary noise microphone is mechanically isolated from the 

active microphone in one segment of the film-grid matrix of the 
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single film sensor. Detectable signals from impacts or noise 
are accumulated in the storage register. 

The system starts to accept new data when any 1 or combination 

of the 3 sensors detects a partic1e at the front or rear film or I p. 

on the microphone plate. The recognition of an impact causes 

all storage register bits, except those in the accumulators, 
to reset prior to the transfer of the new data, which includes 
sensor identification, impact amplitude and elapsed time of 

travel between front and rear assemblies. The microphone. 
signal is sampled for a short time period only to avoid analysis 
of impact plate reflections. 

8.2 	 SYSTEM OPERATION 

8.2.1 	 Electronics 
Each film strip will interface with a buffer amplifier. These 
amplifiers will also inject the calibration signals from the 

calibration circuit. The outputs from the buffer amplifiers 
of film strips of a particular sensor array are added algebra­
ically. When the resultant signal is above the threshold level 
it is peak detected and the peak detected output is a binary 
count which is a logarithmic function of the input signal. 
When an event occurs at any sensor array the actual film strip 
impacted is identified. Each film has a corresponding storage 
register consisting of one storage element for each film strip. 

Each film strip signal is individually amplified and threshold 
detected so that signals exceeding threshold cause a sta~s 
change in the corresponding element of the film sensor storage 
register. To avoid erroneous strip identification caused by 
capacitive crosstalk in the sensor, the circuit associated 
with the film strip actually impacted must inhibit the outputs 
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from the remaining circuits associated with the same film. 

The film is biased at a potential of -3.0 ± 0.1 volts. 

When an event occurs at any sensor array, the actual collector 

strip impacted will be identified. Each set of collector strips 

has a corresponding storage register consisting of one storage 

element for each collector strip. Each collector strip signal 
is individually amplified and threshold detected so that signals 

above a specified level result in a status change in the storage 

register. To avoid erroneous collector strip identification 

caused by capacitive crosstrack in the sensor, the circuits 

associated with the strip impacted must inhibit outputs from 

the remaining circuits associated with the same collector strip 

assembly immediately following impact. The collector grid 

strip is biased at +24 ± 0.7 volts. 

The suppressor grids are biased at a potential of -7 ± 0.2 volts. 

The main microphone and secondary microphone interface with 

identical amplifier and filter circuits. After the amplifier 

and filter circuits, the main microphone is peak detected and 

the secondary microphone is binary counted. 

The system will start a measurement sequence whenever a signal 

is detected at either the film or main microphone I P-l 

sensors. Each of the dual sensors and the single sensor are 

separate systems. Upon receipt of a signal, all buffer storage 
registers will be reset, except for the accumulators. Subse­
quent to this reset a strobe signal is provided to all threshold 

detectors to allow transfer of the new data to the registers. 

The electronics associated with the two dual film senSors 

will measure the time taken by a particle to travel between the 

front and rear sensor film. The logic will monitor the four 

front and four rear film strip threshold detector outputs to 
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provide the start and stop signals to the elapsed time logic. 
The output of the logic is a binary and provides a maximum 

~ount to the buffer storage when no rear film impact is observed 
within 100 ms of a front film impact. 

8.2.2 	 Electrical Power 
The LEAM accepts 29 volts from the ALSEP. Whenever the experi­
ment is switched to standby, the 29 volts are routed to the 
survival heater. This heater can be ground commanded to off. 
When the reserve power drops below an established minimum, the 
experiment operating power is switched off and the survival heater 
switched on as part of the ALSEP turn-off sequence. 

The circuit breaker for the experiment in the central station IP-l 
switches the 29 volts from the operate to the survival mode 
whenever the current drawn exceeds 500 ± 50 ma for 0.2 ms. 

The experiment design also includes a current limiter which Ip-l 
prevents the current from exceeding 450 ma for any mode 
including turn-on or cover removal with the heater on. 

8.2.3 	 Thermal 
The temperature limits for tne sensor electronics and control 
electronics are controlled by the thermal control system from 
-30 0 C to +65 0 C in the operate mode and -55 0 C in the survival 
mode~ 

8.2.4 	 Calibrate 

The experiment will be calibrated upon command by both ground 
command (111 ) and the auto sequencer. 

The calibration circuit injects the signal into the sensor 
buffer amplifiers. The signal will calibrate the overall sensor 
electronics and data storage system. Two calibrate modes are 
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selected alternately by successive transmissions of the cali ­
brate command. The response of the experiment to a calibrate 
command is delayed until the next parallel load pulse for trans­
fer of data from the buffer register to the output shift register. 

In "mo de oneil, appropriate signals are injected to verify the 
fUnction of the front film amplifiers 3 and 4, the main micro­
phone amplifiers, secondary microphone amplifiers, and rear 
films and collector amplifiers. The signals to the rear 
film and collector amplifiers are delayed by a time interval 
to verify the elapsed time circuitry. 

In "mode two", signals are injected into the front film ampli­
fiers 1 and 2, main microphone amplifier and all rear film 
amplifiers. The signal into the rear films will be delayed 
by a longer time interval than in "mo de oneil to verify the 
elapsed time circuitry. The mode two cal ·level is longer 
and lower than the mode one cal level. 
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Up sensor 
North(meteorite) 
reference 

6 

7 

8 

8 

1 
2 3 

Shield 

3 

4 
5 

West sensor 
(ejecta) 

,",> .... I 
// ..... "?.:;}--./ 

1/ II1/ 
:::"'11, II 

" 1\ 
,..II, .... ..... ' 

~FoooL____ Therm a I 

5 4 

radiator 
(hori zonta I 
reference) 

East sensor 
(ejecta) 

3 

Figure 8-1.- Sensor locations. 
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Cosmic dust 
particle 

Front fi Im­
grid array 

5 cms 

Rear fi Im­
grid array 
and impact pi ate 

• • • 

-7V +24V -3.5V 

--------~---r--~p _y 

j... 

-3.5V +24V -7V 

Microphone 

Figure 8-2.- The basic dual film sensor. 
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SECTION 9 

HEAT FLOW EXPERIMENT (S037) 


9.1 	 SYSTEM DESCRIPTION 

9.1.2 	 Experiment Objectives 

The heat flow experiment (HFE) measures the net outward flux of 

heat from the moon's interior. r~easurement of lunar heat flux 
\"Iill provide: 

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

8. 	 A thermal histo ry of the moon. · 

C. 	 A lunar temperature-versus-depth profile. 

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

E. 	 A measure of luna r surface brightness temperature. 

When compared with seismic measurements, data from the HFE 

experiment will provide information on the composition and 
physical state of the moon's interior. 

9. 1.2 Major Components 

The major components of the HFE are two sensor probes and an 

electronics package as shown in Figure 9-1. 

9.1.2.1 	 Sensor probes.- The probes consist of epoxy-fiberglass tubular 
structures which support and house temperature sensors, heaters, 

and the associated electrical wiring. Each probe has two 
sections, each 55 cm (21.6 inches) long, spaced 2 cm (0.8 inches) 

apa r t and mechanically connected by a flexible spring. The 
fle xible spring allows the probe assembly to be bent into a 

U-shape to facil i tate packing, stowage and carry. 
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There is a gradient heat sensor surrounded by a heater coil at 

each end of each probe section. Each of these two gradient 

sensors consists of two resistance elements. These four 

resistance elements are connected in an electrical bridge 

circuit. Ring sensors are located 10 cm (4 inches) from each 

-end of each probe section. Each of these two ring sensors has 

two resistance elements. These four resistance elements are 

connected into an electrical bridge circuit. Also, four thermo­
couples are located in the cable of each probe, identified 

and spaced as follows: number one at the upper end of the 

probe, numbers two, three and four spaced 25, 45, and 65 inches 

up the cable from the end of the probe. These thermocouples 
measure the temperature of lunar material from top of the 

probe to the lunar surf ~ ce. 

9. 1.2.2 Electronics package.- The heat flow electronics package contains 

printed circuit boards which support the functional circuits of 

the experiment. These functions are: Command processing, 
timing and control, temperature measurement sequencing, heater 

excitation sequencing, data handling, and power and electronics 

thermal control. 

The command receiver processes and outputs each of the ground 

commands to allow operational control of the heat flow experi­

ment as tabulated in Table 9-1. 

The timing and control function accepts timing pulses from the 
central station and sequence controls the functional operations 

such as measurement and heat pulse sequences . 

The temperature measurement sequence programmer controls the 

sequence in which each sensor in each probe outputs its data to 

the data handling function. 
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TABLE 9-1. - HFE MEASUREMENT OPTION S (MODCS 1 AND Z) 

1351. 135'. 135 13 5 -
Cmus :l!lU 

Order (OclJI) r---~----~-----+-----t------r-----r----i-----1---~t-----t-----r-----r-----~--~----~ 
Locatioll / Namc 

Symho l 

Tcmp grad Ii igll scns DH-Ol 
Tcmp grad high sens DH-OZ 

Tcmp grad high sens DH-03 
Tcmp grau high sens DH-04 

Tcmp grad low seils DH-05 
Tcmp ~rad lov} SCIIS DH-06 

TClllp grad low SCIIS DH-07 
TCllip grad low scns DH-0 8 

Probc amiJienllemp DH-09 
Probc amh i cnl temp DH-I0 

Probc amb iClit t cmp DH-ll 
Probe ambicnt tCIliP DH-IZ 

Tcmp ref jllllctiOIl **DH-13 
Probc caL It: tcmp (1) ***DH-14,Z4,34,44 

Tcrrp ref j llilction H'DH-15 
Probc cablc tcmp (Z) **"DH-16,Z6,36 ,46 

-.!) 
I 

./0> 

*"* Thermocouple group measurement 
*k DH-13 and DH-15 are identical physical mea5urements separated in time by approx imatel y 54 secollds 
* Command 135 selects Mode I, Comm and 136 selects Mode Z 

- TC 1 Group R-Bits TC Z Group 

Symbol Data R Sym bol DatilRlZ 

_DH-14 Ref TC- TC (4) 0 0 DH-16 Ref TC-TC
1 Z

0 1
DH-Z4 TC (4)- TC (1) DH-Z6 TC - TC (1)

1 1 1 0 Z Z 
DH-34 TC (4) - TC (Z) 1 1 DH-36 TC - TC (Z)

1 1 Z Z 
DH-44 TC (4 ) - TC (3) DH-46 TC - TC (3) o::J~ 

1 1 Z Z ~r 
(/) (/) 
-rn 

V' 

0--0 
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The heater excitation sequencer controls the current timing and 

routing to the probe heaters to prod~ce a known amount of heat 
over a known period of time. 

The data handl i ng function converts analog measurements into 

digital data and outputs to the CIS. The data handling also 

outputs heater statu~ and mode status, etc., to be shipped to 

ground control via CIS in response to data demand and shift 
pulses. 

The power supply and thermal control functions distribute 

electrical power at the different voltages needed and hel~ 

maintain operating temperatures in the electronics package. 

A sunshield thermally also protects the electronics package 

from externally generated Ileat. Two reflectors built into the 

open ends of this sunshield aid in the radiation of internally 

generated heat that otherwise might be entrapped under the sun­
shield. The electronics package is further thermally protected 

by multilayer insulation and thermal control paint. 

9.1 .3 Deployment 
The electronics package is deployed ~30 ft away from tile central 

station. On top of the packag~ are level and alignment devices. 

A bubble level is mounted to provide reference for leveling the 
package within limits. A sun shadow device is provided for 

reference to orient the package with reference to compass 

cardinal directions. 

The two sensor probes are emplanted in 2.44-meter (8.05-foot) 

boreholes. These holes are drilled by the astronaut with the 

Apollo lunar surface drill (ALSO). (Refer to Section 8 of the 

Lunar Roving ' Vehicle System Handbook.) The depth the probes are 

placed beneath the surface is determined by the crew with the 

emplacement tool. The two probes are connected by two multi­

lead cables to the HFE electrenics package. 
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HFE MODES 


The HFE performs its measurements in three basic modes of opera­

tion: Mode 1 or Mode/G, Mode 2 or ModejLK, and Mode 3 or 

Mode/HK. 


Mode/G, Normal Gradient Mode 

The normal gradient mode is used to monitor the heat flow in 


and out of the lunar surface crust. Heat from solar radiation 


flows into the moon during the lunar day and out of the moon 


during the lunar night. This larger heat gradient in the near 

subsurface of the moon will be monitored and measured in order 


to differentiate it from the more steady but smaller heat flow 

outward from the interior of the moon. 


Mode/LK, Low Conductivity, and Mode/HK, High Conductivity 


Thermal conductivity of the lunar material is measured with 


the principle of creating a known quantity of heat at a known 

location by exciting one of the eight probe heaters, and 


measuring the resultant probe ambient temperature and temperature 


differentials for a period of time. Because it is not known 


whether the surrounding material will have a low conductivity 

(loosely consolidated material) or a high conductivity (solid 


rock), the capability to measure over a wide range using two 


modes of operation is incorporated into the HFE design. 


Ambient Temperature Measurements 


Ambient temperature measurements are made at any gradient bridge 


or at anyone of the thermocouples spaced at four points along 

each probe cable. In each probe cable, the thermocouples are 


placed at the top gradient sensor and at distance increments 

of 25, 45, and 65 inches above the top gradient sensor. The 


reference junction for the thermocouples is mounted on the HFE 

electronics package thermal plate. 
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Mode/G.- Normal (gradient) mode initiated by octal command 135 
(gradient sensor excitation - no heater excitation). The 
heat gradients (temperature differentials) and probe ambient 

temperatures are measured with the gradient sensors and thermo­
couples spaced along the two cables connecting the probes to 

the electronics package. In each deployed probe, the tempera­

ture difference between the ends of each of the two sections 

is measured by the gradient bridge consisting of the gradient 

sensors positioned at the ends of the probe section. Gradient 
temperature differentials are measured in both the high sensi­
tivity and low sensitivity.ranges. 

Mode/LK.- Lm'o/ conductivity mode (ring source) initiated by 

octal command 136 (gradient sensor excitation - low heater 
excitation). The probe heater selected by octal command 152 

receives low power excitation and dissipates 2 milliwatts of 

power. The thermal conductivity is determined by measuring the 
temperature rise of the gradient bridge around which the selected 
heater is located. The temperature which the heater must reach 
to dissipate the power input is the measure of thermal conduc­
tivity of the surrounding material. The low conductivity meas­
urements are performed in the sequence selected by earth command. 

Mode/HK.- High conductivity mode (heat pulse) initiated by 

octal command 140 (ring sensor excitation - high heater excit­

ation). The probe heater selected by octal command 152 receives 
high power excitation and dissipates 500 milliwatts of power. 
The thermal conductivity is determined by measuring the temper­

ature rise at the ring bridge nearest the selected heater. The 
temperature rise per unit of time at the known distance is the 
measure of thermal conductivity of the surrounding material. 
The high conductivity measurements are heat gradients in the 
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high sensitivity range and probe ambient temperature. The 

bridge used in performing a measurement is determined by the 

heater selected. 
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LUNAR SURFACE GRAVIMETER (S207) 

10. 1 	 SYSTEM DESCRIPTION 

10.1.1 	 Experiment Objectives 
The LSG Experiment objectives are as follows: 

A. 	 To utilize the moon as an antenna with which 

to search for gravitational radiation from cosmic 
sources, by a search for the lowest frequency free 
oscillations. 

B. 	 To measure the lunar deformation associated with tidal 
forces in order to obtain information on the internal 
structure of the moon. 

C. 	 To provide vertical axis seismic activity information 
up to frequencies of 16 cycles per second. Ip-l 

D. 	 To measure the ratio of lunar g to earth g. 

This experiment will measure the value of lun~r gravity and 

its 	temporal variations as a function of time. The average 
absolute value of lunar gravity will be determined to an 
accuracy of one part in 10 5 • Variations in lunar gravity as 
small as one part in 108 (i.e., approximately ±1.6 microgals) 
will be detected. 

Long-period variations (e.g., one cycle per several days or 
longer) will enable the determination of the magnitude of lunar 

surface deformation due to tidal (i.e., external gravitational 
forces). Conclusions may then be drawn concerning the internal 

constitution of the moon. 

Short~period variations of about 0.2 Hz or greater in lunar 
gravity (vertical components only) will indicate natural 
lunar seismicity or free oscillations of the moon which may 
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be induced by gravitational radiation from cosmic sources. 
These observations will also make use of the moon as a mass 
quadrupole detector for gravitational waves. The lunar free 
oscillations may be observed to be excited by such waves if 
the power spectrum is sufficiently intense over the frequencies 
of certain of the moon's normal modes. Simultaneous observation 

of the earth's normal mode excitation will make it very likely 

that the effects are due to gravitational waves. 

This experiment partly overlaps the lunar passive seismometer 
experiment in that it yields vertical acceleration and seismic 
data. The difference is primarily that a different frequency 
range is covered. These seismic data yield information on the 
collective motion, and internal constitution of the moon as 

a whole. 

10.1.2 	 Method of Operation 
The sensor is a Short Range, Model 0 (Lunar) LaCoste and 
Romberg gravity meter. The gravimeter uses the LaCoste-Romberg 
type of suspension to sense changes in the vertical component 
of local gravity. The movement is modified for automatic 
operation by the addition of a set of capacitor plates . The 
plates are fixed to the frame of the sensor and geometrically 
concentric with a third plate of similar size which is 

attached to the beam of the sensor. The plates are arranged 
so that the center plate is located exactly between the two 
outer plates when the beam is exactly horizontal. A null 

seeking servo system provides an electrostatically generated 
restoring force to balance the forces and recenter the sensor 
beam to its reference position equidistant between the two 
outer capacitor plates. The spring suspension point can be 
adjusted by means of motor driven micrometer screws (coarse 
and fine screw servos) and is set up so that the center plate 
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is zeroed when the input perturbation signal is midway between 
its extreme values. The sensor mass can also be modified by 

the addition or removal of small weights allowing extension of 
the range of -the sensor to either earth or lunar operation 

(Mass Changing Servo System). The major fraction of the force 
supporting the sensor mass against the local gravitational 

field is provided by the zero-length spring. Small changes 
in force tend to displace the beam up or down and this 

imbalance is sensed by the capacitive displacement transducer 
system using the relative capacitances between the center 
plate and the two fixed plates. The error signal generated 
by this arrangement is passed through an electronic integrator 

producing a control or feedback signal that is used to provide 
an electrostatic force which exactly balances the perturbing 
force and restores the sensor beam to the reference position. 
The sensor is suspended from a gimbal and is adjusted to 
compensate for initial deployment leveling errors of the 

sensor by motor driven tilting system (Tilt Servo System). 
The sensor beam may be caged or uncaged as required by the 

caging control motor. 

P-l 

The LSG will have the sensitivity to measure deviations in the 

lunar surface acceleration of one part in 1010 or better. As 

a design goal, the instrument will measure the ratio of lunar g 

to earth g with a precision of one part in 10 5 • 

The accuracy of the LSG in measuring lunar tide amplitude will 
be 0.1 percent or better. The resolution for individual -

measurements will be two microgals or better . . 

10.1.3 Major Components 
The gravimeter experi~ent consists of four basic components; 
a LaCoste and Romberg m~ss spring and level system, sun shade, 
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thermal control box, and an electronics package. The LaCoste 

and Romberg mass spring and level system and electronic package 
will be placed inside of the thermal control box. The gravi­
meter electronics accepts the signal provided by the sensor, 
amplifies and conditions the signal, and feeds it back as a 

correction to the sensor. Three voltages are measured. One 
is proportional to the instantaneous servo error voltage. Ip-l 

This is the seismic output. The second voltage is the servo-
voltage required to restore the mass to its equilibrium posi­

tion. This measures the lunar tide. The third voltage is the 
amplified output of a high pass tidal frequency cutoff filter. 

When Fourier analyzed, this voltage will give information on 
the lunar free oscillations for searching gravitational 
radiation. 

Outputs are provided in three band pass ranges: 
A. Tidal 	 dc to one cycle/minute 

B. Free oscillation two cycles/minute to one cycle/20 minutes 
C. Seismic; 0.05 cycles to 16 cycles/second 	 Ip-l 

10.1.3.1 	 Gravimeter sensor physical description.- The LaCoste and Romberg 
gravimeter sensor is enclosed in a rectangular metal box with 
heater wires embedded in the four sides of the box. 

A control thermistor is mounted on one side surface of the 
heater box and the temperature is held constant by a power 
control circuit using the thermistor signal. Therefore, the 

heater box is the basic source of the constant sensor tempera­
ture. The heater box cover serves as the sensor mount and as 

the base plate for the screw drives and arrestment gear trains. 

The heater box is suspended in a sealed instrument housing 
which is evacuated to a nominal pressure of 10 torr. The 
heater box is cantilevered from the instrument housing cover 
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by four fiberglass straps, which therefore provide conductive 
thermal isolation between the heater box and instrument housing. 

The straps are pinned both on the instrument housing cover 
side and heater box side to ensure the precise alignment 

required. Mounted on the unsealed side of the instrument 
housing cover is the electronics package. 

Mounted on the outside of the heater box are the motors for 
sensor beam position adjustment, mass changing (adding or 
deleting weight from the beam pan as required for lunar or 

earth operations respectively), and adjustment of the center 
of gravity of the gimbal suspended mass for vertical alignment. 

A pressure sensor is located in the instrument housing cover 
for monitoring internal pressure. Power and signal connections 
to pressure sensor and heater box pass through hermetically 
sealed connectors in the instrument housing cover. 

The total sensor package and electronics assembly is sus­
pended from a gimbal for self-leveling on the moon. Fine 
adjustment is made by the tilt motors as described above. 

The gimbal can adjust greater than three degrees in all 
directions without interference between the instrument housing 

and inner container. For launch and lunar transit the gimbal 
is locked and the entire suspended mass and gimbal is depressed 

into the cones between the inner and outer containers with a 
load of 1200-2000 pounds. 

The entire suspended mass is enclosed in a container which is 
ccmposed of insulation between aluminum shells. From the 
bottom of the outer container, project four feet which are 
used for lunar emplacement. The top has a cavity and thermal 
radiator, gimbal actuator mechanism, bubble level, UHT socket, 
and the sunshield with its tilt mechanism, tilt indicator, and 
detents for locking in a tilted position. On the side of the 
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outer container is a bracket which retains the cable spool 

until deployment. 

The sunshield is a five element mechanism which has the 

following functions: 
A. 	 Prevents direct solar radiation on the cavity 
B. 	 Provides a means to mount the entire instrument to the 

ALSEP support structure 
C. 	 Transmits the locking load of 1200-2000 pounds 

The inner surfaces which "see" the cavity are aluminum in­

sulated from other portions of the sunshield by a layer of 

silk and thereby maintain a relatively cold temperature. At 
the lower ends of the outer sunshield are guide cups and mounting 
holes for the Boyd bolts. The hinge between the inner and outer 

sunshield element is a slotted joint such that ~hen the Boyd 
bolts on one side are released all load goes out. 

The top element of the sunshield has an astronaut handle 

attached to facilitate sunshield deployment. This handle is 
hinged to fold down flat during transit and not violate the 
allowable envelope. Strain gages near the Boyd bolt 

locations are used to determine when load produced by 

the Boyd bolts is appropriate. Essentially this device I P-l 

indicates the deformation of the upper sunshield element 
and is calibrated to the proper limits. 

10.1.4 	 Commands and Telemetry 
The LSG electroni c package outputs 36 ten-bit. seri al NRZ-C I P-l 

digit~l words to the data processor with the telemetry frame 
format (frame length 32/53 sec). A demand line signal is 

given for each ten-bit readout and the digital bits are 

shifted out serially with the most significant bit first. 
The sampling sequence in the 64~word ALSEP telemetry frame 
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is as indicated in Figure 10-1. The digital data pulse has 
the following characteristics: 

Amplitude - Logical One +2 .4 volts to +5.5 volts 
Logical Zero 0 to +0.4 volts 

Rise and Fall Time - >2 microseconds, <10 microseconds at 
the 10 and 90% points 

Repetition Rate - 1060 pulses/second normal rate, nominal 
530 pulses/second slow rate, nominal 

On special command the screw servo encoders are sampled as shown 
in Figure 10-1 and below: Ip- l 

Samples Bits Bits 
l2er frame l2er sam121e ~er frame 

Coarse encoder 7 9 63 
(MSB) 
Coarse encoder 11 10 110 
(LSB) IP-l 
Fine encoder 6 9 54 
(MSB) 
Fine encoder 12 10 120 

The screw servo mode provides encoder readout. Since the shaft 
encoders are 19-bit encoders, the first LSG data word provi des the [P-l 

nine most significant bits of the COarse encoder, the second 

word gives the 10 least significant bits of the coarse encoder, 
the third word provides the nine most significant bits of the 

fine encoder, and the fourth word gives the 10 least signi­
ficant bits of the fine encoder. This information is repeated 
as shown in Figure 10-1. The additional bit available for Ip-l 

both coarse and fine encoder is not used. 

In addition, ten analog signals are routed over the analog 

lines to the Central Station. Once each 90 frames these sig­

nals are sampled to provide engineering data and also serve !P-l 
as backup for prime science data. These analog words are 
multiplexed into ALSEP main frame word 33 and utilize ALSEP 
frame count as shown in Figure 10-2. 

10-7 



NORMAL MODE SHAFT ENCODER MODE 


I 

C 

2 

C 

3 

C 

4 

G 

5 6 

G 

7 8 

G 

9 10 

G 

II 12 

G 

13 14 

G 

15 16 

G 

17 18 

G 

19 20 

G 

21 22 

G 

23 24 

G 

25 

TIDE 

26 

G 

Z7 
FR[[ 
MODE 

28 

G 

29 

TEM P 

30 

G 

31 32 

G 

33 

H. K. 

34 

G 

30 

STATuS 
I 

36 

G 

37 

SIATUS 
2 

38 

G 

3q 40 

G 

41 42 

G 

43 44 

G 

45 4b 

G 

47 48 

G 

4q 50 

G 

51 52 

G 

53 54 

G 

55 

G 

57 58 

G 

59 bO 

G 

61 62 

G 

63 64 

r, 

C C C 
COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LS B 

FINE 
ENCODER 
MSB 

r I NE 
[ NC ODER 
LSB 

CO ARSE 
ENCODER 
MSB 

COARSE 
ENC ODER 
LS B 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LS B 

COAR SE 
ENCODER 
MSB 

CO AR SE 
ENCODER 
LS B 

FINE 
ENCODER 
MSB 

r INE 
ENCODER 
LS B 

FINE 
ENCODER 
LSB 

F IN[ 
ENCODER 
LSB 

FINE 
ENCODER 
LS B 

FINE 
ENCODER 
LS B 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

H. K. 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

CO ARSE 
ENCODER 
LSB 

CO ARSE 
ENCODER 
LS B 

CO AR SE 
ENCODER 
LS B 

CO AR SE 
ENCODER 
LSB 

FINE 
EN CODER 
MSB 

FINE 
ENCODER 
LSB 

CO ARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

CO ARSE 
ENCODER 
LSB 

FINf 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

CO AR SE 
ENCODER 
MSB 

CO ARSE 
ENCODER 
LSB 

a 
I 

OJ 

ALSEP DATA FRAME CONTAINS 641D-BIT DATA WORDS 

C = ALSEP CONTROL WORDS (3 PER FRAME) 

G = LSG SEISMIC DATA (31 WORDS PER FRAME) 

H. K. = HOUSEKEEPING (INCLUDING 10 LSG PARAMETERS) 

COMMUTATED ONCE EVERY 90 ALSEP FRAMES 

Figure 10-1.- LSG digital data formats. 
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The contents of the digital status words (ALSEP main frame 
words 35 and 37) are also shown in Figure 10-2. 

Seven command lines are provided to the LSG. Four command 
functions are generated directly via the conventional ALSEP 
uplink command techniques. These are: 
A. Ins trument housing heater power ON 
B. Instrument housing heater power OFF 
C. Command decoder power ON 
D. Command decoder power OFF 
The remaining three command lines are used to step the command 
counter (up or down) and to generate a command execute function. 

The IICOMMAND DECODER POWER ON" resets the command counter to 

the 00000 state. A down count of one will set the command 
counter to the 11111 state. An up count or down count will 
increase or decrease the counter by a count. The command 
counter is stepped to its desired state by transmitting a 
seri es of up or down commands. In every ALSEP mai n frame, IP-l
word verification that the command was loaded correctly is 
made via the command status word. The command decoded from 
the five bit regi ster is executed upon recei pt of the "COMMAND 
EXECUTE." The command register is changed by transmitting 
the required number of up or down counts. The counter will 
reset if the "COMMAND DECODER POWER ON" command is transmitted. 

Prior to driving the tilt or mass change servo motors or the 
sensor caging motor, the "INSTRUMENT HOUSING HEATER POWER OFF" 

\P-l(slave heater) command must be transmitted. This procedure is 
required in order to minimize the thermal disturbance by 
minimizing the peak power dissipation within the experiment. 
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HOUSEKEEPING (ALSEP WORD 33)STATUS 1 
(ALSEP WORD 35) 

MSB" CLSB 

,...-J>I1""""1- 4 ""-15""""1- 8 '--19........1 ..z....,101
2 ""-13""""1- 6 ""-17""""1­I'-J-' LDG-I' TILl MOTOR 51A 
L DG-13 SCREW MOTOR STA 

DG - 12 MASS CHANGE MOTOR STA
STATUS 2 

o 
I 

(ALSEP WORD 371 DG-ll TEMPERATURE RELAYS STA 

o MSB\ C LSB 

G12131415161718191101 

L DG-19 C~D COUNTER (B IT 5 IS ALWA YS 
ONE AND BJTS 6 THROUGH 10 CONTAIN 
THE COUNTER READOUT! 

DG-18 SEISMIC GAIN HI/LOW 

DG-17 PRESS TRANSDUCER ON/OFF 
HOUSEKEEPING PARAMETERS ARE READ OUT ONCE 

ALSEP 
FRAME NO. CODE PARAMETER 

10 AG-02 
.- . - - . .. . 

LSGTIDE o 

23 AG-03 LSG FREE MODE ., 

24 AG-07 LSG OSC ILLATOR AMPLITUDE 

38 AG-08 LSG +15 VOLTS 

39 AG-01 LSG SEISMIC " 

53 AG-09 LSG -15 VOLTS 

54 AG-D6 LSG MASS CHANGE POSITION 

68 AG-04 LSG SENSOR TEMPERATU RE 

69 AG-1O LSG +5 VOLTS 

89 AG-05 LSG PRESSURE 

.•. SCIENCE DATA READ OUT IN ANALOG HOUSEKEEPING 
CHANNELS 

DG-16 INST HOUSING HTR ON/OFF 
EVERY 90 ALSE P FRAMES (ONCE EVERY 54 SECONDS 

DG-15 CMD DECODER ON/OFF AT NORMAL DATA RATE) 

Figure 10-2.- LSG status and engineering data. 
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11. 1 SYSTEM DESCRIPTION 

11 .1 .1 Experiment Objectives 

The primary function of the Lunar Seismic Profiling (LSP) 

Experiment is to determine lunar surface and near-surface 
response to artificial seismic waves in the 3 to 20 Hz range. 
The LSP can also be used to monitor natural seismic phenomena. 

The objectives of the LSP experiment are to further the under­
standing of the origin of the primordial lunar surface, study 
the type and character of the surface and near-surface rock, 
study the relationship between mare . and highland areas, and 

study the degree of induration and bearing strength of the 
lunar surface. 

11 .1 .2 Method of Operation 
Seismic waves are artificially produced by eight Explosive 
Packages that are deployed by the crew during all three EVAls 
and detonated by timers and commands. These seismic waves are 
detected by four geophones that have been deployed by crew 
during the first EVA. By varying the location and magnitude 
of the explosions with respect to the geophones, penetration 

of the seismic waves to depths of approximately 3 Krn can be 
achieved, and wave velocities through several layers of sub­
surface materials can be investigated. 

11.1.3 Major Components 
The s~ismic detectors are four identical geophones placed at 
the three corners of an equilateral triangle, 300 feet on a 
side, and at the centroid. The geophones are electromagnetic 

transducers which translate vertical seismic motion into electrical . 

signals. 
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The 	 seismic waves are produced by eight Explosive Packages 
(EP) ranging in size from 1/8 to 6 pounds of TNT equivalent which are 
deployed from 0.16 to 2.40 Km from the geophone array. Each 

EP is activated by the timing out of two timers and by the 

reception of coded fire pulses produce by the LSP electronics 

located at the central station. 

11 .1 	.4 Commands and Telemetry 
The 	 LSP experiment uses five commands: 


CMD 156 LSP PULSES ON 

CMD 162 LSP PULSES OFF 


CMD 163 LSP GAIN NORM 


CMD 164 LSP GAIN LOW 


CMD 170 LSP GEO CAL. 


Three commands are used to effect power distribution to the 

LSP electronics. One command places the data subsystem in 
the LSP formatting mode. Four channels of seismic data gen­
erated by the LSP and 11 channels of engineering data will be 
converted into digital form within the experiment. A 30-bit 
digital word format and a 3533.3 bit/sec data rate will be 
used by the LSP experiment to insure accurate encoding and 
transmission' of critical, real-time event data and to provide 
a data handling capability for the seismic data. The higher 
bit rate and longer word length are in compatible with the 
normal ALSEPformat and preclude the usual data collection 
from the other experiments during the time the LSP formatting 
mode is activated. 

11.2 	 FUNCTioNAL DESCRIPTION 

The LSP comprises the Explosive Packages (8), geophone module, 
geophones (4), remote transmitting antenna, central electronics, 
and interconnecting cabling. Figure 11-1 illustrates the LSP 
major components. 
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11.2.1 	 Geophone Module and Geophones 

The geophone module is removed from subpackage 1 and placed 

30 feet south of the central station. The four geophones are 
deployed according to the following table: 

Geophone Deployment location with respect 

to the Geophone Module 

150 feet East 
2 150 feet West 
3 80 feet South 
4 260 feet South 

The four identical geophones are electromagnetic devices which 
translate 	physical surface or subsurface movement into elec­

trical signals. The amplitude of the output signals is pro­
portional 	 to the rate of physical motion. 

11 .2.2 Explosive Packages 
There are eight explosive packages (two 1/8 lb., two 1/4 lb., 
and one each of 1/2 lb., 1 lb., 3 lb., 6 lb. TNT equivalent 

explosive packages). 

Two groups of four charges each are carried on the back of the 
LRV on explosive package transport modules. The two transport 
modules are flown on the QUAD III payload pallet. 

The explosive packages are deployed by the astronauts on each 
of the three EVA's. To deploy an explosive package the re­
ceiving antenna is extended its full length (approx 5 ft), 
three pull rings are removed, and the EP is lowered to the 
lunar surface using the receiving antenna. 
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11 .2.3 LSP Remote Transmitting Antenna and Transmitter 
The LSP remote transmitting antenna (height = 69" ) will be 
erected 37 feet NW of the ALSEP centra l stati on us i ng the HFE 
pallet as the base. The transmitter uses a pulsed car r i er­
wave type transmission at a frequency of 41. 2 MHz wi th a peak 
power of 40 watts. When the LSP is comma nded ON, t he trans­

mitter is on and produces a very low output . 

Execution of the "pulses on" command (CMD 156) causes the 
following signals until the "pulses off ll comma nd (CMD 162 ) is 

received (refer to DWG. 11.1): 

A. 	 AGC pUlse-one pulse for 0.288 mi ll i sec every LSP subframe , 

every 169.3 millisec. 

B. 	 Coded fire pulses - three pulse~ of 0. 566 mi11isec each, 
0.849 millisec apart, every 29.55 seconds. 

Reception of the coded fire pulses is necessary f or expl os i ve 
package detonation upon time-out of both timers. 

11 .2.3 LSP Central Electronics 
The central electronics is located in the central station and 
contains the transmitter circuitry for power control , temperature 
sensing, geophone calibration, signal conditioni ng, and data 
handling. (Refer to Drawing 11.1). 

11.2.3.1 	 Power control.- Operating power is supplied from the ALSEP 
electrical power system via the power swi tchi ng rel ays in the 
PDU (refer to Drawings 4.2 and 11.1). The operating power of 
+29 VDC is supplied to the LSP power converter which supplies 
+28 VDC, +12 VDC, +5 VDC, and -12 VDC to the LSP el ectronics. 
RTC's provide the means control the LSP to OPERATE , STANDBY, 
or OFF. There is no standby power connect ed to the LSP el ec­
tronics; therefore, standby is essentially an off condition. 
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Astro switch 2 is in the operate power line and must be rotated 
clockwise 	by the astronaut at the end of ALSEP deployment. Over­
loading the +29 VDC operate bus will cause CB-Ol (510-630 MA) to 
transfer the LSP to STANDBY. The CB placing LSP in STBY is reset 
when LSP goes to STBY. 

11.2.3.2 	 Temperature sensing.- There is one temperature sensor located 
in the LSP central electronics (AP-Ol) to provide temperature 
data in the DP formatting mode. In the LSP formatting mode 
temperature data is provided by temperature sensor DP-14. 

11.2.3.3 	 Calibration.- The calibration system is activated by a geophone 
calibrate command (CMD 170) applied to the command logic by 
the ALSEP command decoder. The calibrate command is gated to 
the calibration circuitry where a pulse is applied to the cal­
ibrate driver, electrically exciting the geophones. A geophone 
calibrate pulse is also applied to the data handling system 
from the calibrate driver indicating receipt of the calibrate 

command. 

11.2.3.4 	 Data handling.- There are 16 analog data channels in the LSP. 
They are 4 geophone outputs, 3 calibration measurements, 
2 engineering measurements, 6 ALSEP housekeeping measurements, 
and 1 spare channel. These analog signals are multiplexed, 
converted to digital signals, and formatted for shifting to 
the central station data subsystem for transmission. Prior 
to shifting status, sync, and subframe 10 flag bits are added 

to the data. 

The LSP data format consists of twenty 30-bit words in each 
subframe and three subframes in each LSP mainframe of data. 
The first word of each subframe contains 10 bits of subframe 
sync (OP-17) and 5 bits of each geophone data (OP-l, DP-6, 
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DP-11, and DP-16). The remaining 19 words of each subframe have 
7 bits of each geophone data and the remaining two bits are used 
to multiplex the remaining measurements (refer to Drawing 6.2). 

11.3 	 EXPLOSIVE PACKAGE OPERATION 
Each explosive package operates exactly like the other EP ex­
cept that the timers are set to time-out at different times 

according to the following chart: 

Safe/Arm Safe/Arm S 
Detonation Thermal BatterySlide to Slide to 

Time (HR) on (HR)Arm (HR) (Tn) 	 Resafe (HR) 

91 90 91 92 

92 91 92 93 

93 92 93 94 

94 93 94 95 

All times are with respect to EP pull ring removal. By 
deploying the explosive packages at different times 
throughout three EVA's, three periods of LSP activity 
are created (refer to Table 11-1). 

Three astronaut pull rings are removed when the EP is deployed. 
Pull ring 1 enables the Safe/Arm (S/A) Timer. The S/A timer 
allows the S/A slide to move to the ARM position at time Tn. 
If the EP does not detonate, the S/A timer allows the S/A slide 
to move to the RESAFE position at time Tn + 2 hours (refer to 
Figur~ 11-2 - Explosive Package Functions.). 

Pull ring 2 enables the safe/arm slide plate to move to the 
right as shown in figure 11.2. The movement of the S/A slide 
plate is controlled by the S/A slide timer. In the SAFE and 
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TABLE 11.1.- TYPICAL LSP EP DEPLOYMENT PLAN* 


EP 
No. 

6 

5 

7 

4 

1 

8 
I 

OJ ·2 

3 

Charge 
size, lb 

1 


3 


1/2 


1/8 


6 


1/4 


1/4 


1/8 


Transport 
module 

2 

2 

2 

2 

1 

1 

1 

1 

Deployment 
distance from 

ALSEP, km 

1.3 

2.0 

0.8 

O. 16 

2.4 

0.25 

0.25 

0.16 

*Based on the following mission times: 

Landing 112:59 GET 
Start EVA 1 116 :45 GET 
Start EVA 2 139: 15 GET 

Deployment time 

EVA 

1 

1 

1 

-2 

2 

2 

3 

3 

hr:min 
into EVA 

4:21 

5:55 

6: 11 

0:56 

5: 18 

6:13 

6:00 

6:45 

Detonation 
time after 

deployment, hr 

91 

92 

93 

91 

92 

94 

93 

94 

Start EVA 3 163: 30 GET 
LM 1i ft-off 187:48 GET 
TEl 236 :15 GET 

Detonation 
time after LM 

lift-off, hr:min 

24: 18 

26:52 

28:08 

43:23 
(48: 27) TEl 

48:45 

51: 40 

74 : 42 

76:27 
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Figure 11-2.- LSP explosive package functions. 
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RESAFE positions the end detonating cartridge (EDC) is shorted 
and an insulation is between it and the explosive charge. In 
the ARM position the EDC is not shorted and an explosive lead 
is between it and the explosive charge. 

Pull ring 3 enables the thermal battery timer and the firing 
pin mechanism. The thermal battery timer times-out at 
Tn + 1 hours allowing the firing pin to activate the thermal 
battery by striking it. The thermal battery supplies power 
to receiver, signal processor, and firing pulse generator for 

approximately two minutes. Upon time-out of the thermal 
battery timer, a redundant pair of microswitches close to allow 
+24 Vdc to be supplied to the signal processor and firing 
pulse generator. (Refer to Drawing. 11.2 LSP Explosive Package.) 

In addition to the time-out of the SjA timer to the ARM position 
(Tn hours) and the thermal battery timer (Tn + 1 hours), the 
LSP transmitter coded fire pulses must be received during the 
2 minute life of the thermal battery. The LSP fire pulses are 
sent in groups of three by the LSP central electronics every 
29.55 seconds after CMD 156 and until CMD 162 is sent to stop 
the fire pulses. 

11.4 SAFETY FEATURES 

11 .4.1 LSP Central Electronics 
Astronaut switch 2, when in the CCW position open circuits the 
+29 volt operate power to the LSP electronics. Astro switch 2 
is rotated CW at the conclusion of ALSEP deployment. CMD 003 
LSP Fqrmatti ng ON, and CMD 156, LSP Transmitter Pul ses ON, mus t 

have been received to allow EP detonation. 
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11 .4.2 Explosive Packages 

There are eight safety features associated with each explosive 

package. The safety features are listed below: 

A. 	 Three independent events occur for detonation (Figure 11.2) 

• Time-out of safe/arm slide timer 

• Time-out of battery timer 
• 	 Radio reception of coded fire pulses 

B. 	 Timer pins lock if timer starts inadvertently (Astronaut 

Pull Rings 1 and 3). 

C. 	 Firing pin pull pin locks to prevent initiating thermal 

battery if the battery timer runs out prior to deployment. 

(Astronaut Pull Ring 3). 

D. 	 The safe/arm slide pull pin locks to prevent the slide 
from moving if the safe/arm timer runs out prior to de­
ployment. Movement of slide will lock pull pin. (Astronaut 

Pull Ring 2). 

E. 	 The safe/arm slide when in the safe position prevents pro­

pagation of the explosive train detonation by shorting the 
detonator assembly (Figure 11-2). 

F. 	 The microswitch in the battery timer open circuits the 

signal processor and firing pulse generator power lines 

(Figure 11.2). 

G. 	 The firing capacitors discharge through leak resistors if 

firing signal is not received within 3 minutes of thermal 
battery activation (Drawing 11.2). 

H. 	 If the explosive package is not detonated with two hour 
safe/arm slide window, the slide will move to the resafe 

position (Figure 11-2). 

These safety features are summarized on the explosive charge 
safety matrix (Figure 11-3). 
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SAFETY FEATURES 
Astro switch LSP 

LSP 
LSP 

ACTIVITIES No.2(CW Safe/ arm Safe/arm Battery 
operate 

transm itter 
formatting 

T ime -out of T ime-out of 
enables + 29V sl ide timer slid e timer 

selected 
pul ses safe/arm battery 

to LSP enable enable enable enable 
on 

sl ide timer timer 
electronics) 

(CMD 055) 
(CMD 156) 

(CMD 003) 

Deployment - CI S S S S S S S S S S 

Deployment - Geophone s S S S S S S S S S 

A stro Switch No . 2 CW S S S S S S S S 

Dep loyment of charges: 

Astronaut pull ring No.1 S S S S S S S 

Astronaut pull ring No.2 S S S S S S 

Astro naut pull ring No . 3 S S S S S 

Post surface operation: 

LM ascent S S S S 

Charge detonation period: S S S 

LSP transmitter pul se s ON 

LSP fOfmatting ON S S 

Safe/ arm sl ide to ARM S 

Therm al battery ON 

LEGEND 

S = Safe condition 
Bl ank = F ire condition 

Figure 11.3.- Explos ive charge safety matri x 
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