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APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE SYSTEMS HANDBOOK 

ALSEP l 

PREFACE 

This document has been prepared by the Flight Control Division, 
Manned Spacecraft Center, Houston, Texas. Information contained 
within this document represents the Apollo Lunar Surface Experiments 
Package (ALSEP) Number One (l) as of January 15, 1969, and completely 
replaces the ALSEP Systems Handbook of October 16, 1967. 

This document is intended for specialized use by Experiment Flight 
Controllers in real-time and near-real-time operations. 

Comments regarding this handbook should be directed to the Space 
Sciences Group of the Experiments Systems Branch. 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: 

-J/~=1. ~ 
~ gene F. Kranz 

ief, Flight Control Division 
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SECTION 1 

INTRODUCTORY INFORMATION 

ALSEP'S 1 THROUGH 4 ABBREVIATIONS AND ACRONYMS 

ac 
ACCPT 
ACK 
A/DC 
A de 
ADD 

AGC 
ALIGN 
ALSEP 
A/F 
AMPS 

ANT 
APP 

ARM 

ASC 
ASE 
AUTO 
AZ 

Bl 
BAS 

BER 
BPS 

c 
CAL 
CALC 
CB 
CBL 
CCGE 
CCGE/A/ 
CCGE/DI 
CCIG 
ccw 
CH 
CH 
CHAN 

CLD 
CMD 
CNT 
CNTS 
CNTR 

!!2:!!. 
Due to reduction requirements, acronyms 
which would normally be in lower case, 
for example, 11 de , 11 will appear in upper 
case on drawings. The text will, how-
ever, conform to NASA standards. 

alternating current 
accept 
acknowledge 
analog-to-digital converter 
amperes de 
address 
automatic gain control 
alignment 
Apollo Lunar Surface Experiments Package 
automatic/forced 
"!"Peres 
antenna 

approximate, approximately 
armed 
ascent 
Active Seismic Experiment 
automatic 
azimuth 

bottom location of structure temperature 
base 
bit error rate 
bits per second 

centigrade 
calibrate 
calculated 
circuit breaker 
cable 
Cold Cathode Gage Experiment (part of SIDE) 

analog and digital ID readout from CCGE 

Cold Cathode Ion Gage (instrument portion of CCGE) 
counterclockwise 
channel 
change 
Channeltron; used in CPE as: 

CHAN/1 Channeltron P/S Hl 
CHAN/2 Channeltron P/S #2 
CHAN/HI Channeltron Voltage Increase ON 
CHAN/LO Channeltron Voltage Increase OFF 

cold 
command 
count 
counts 

counter 
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COMM 
CONV 
CPLEE or CPE 

CPS 
cs 
CTL 
CUR 
CVR 
CVR/S 
cvw 
cw 

db 
dbm 
de 
DEC 
DECR 
DEF 
DEG 
DESC 
DET 
DIG 
DIR 
DIR/V 
DIS SIP 
DLAY 
D/P 
DPLY 
DRT 
DSS 

EGFU 
ENBL 
EPS 
EV 
EXP 
EXT 

F 

F 

FET 
FILT 
FLD 
FREQ 
FTT 
FWD 

ALSEP 1 

communications 

converter 

Charged-Particle Experiment (full name is Charged-Particle Lunar Environment 
Experiment) 
cycles per second 
central station 
control 
current 
cover 

cover and seal (used on SIDE) 
command verification word 
clockwise 

decibels 
decibels with respect to one milliwatt 
direct current 
decoder 

decrease 

deflection 
degrees 
descent 
detector 
digital 

direction 
direction and speed (used on PSE) 
dissipation 
delay 
data processor 

deploy 
dome removal tool 
Data Subsystem; components include: 

DSS/A 
DSS/D 
DSS/PROC 

Analog Data Processor 
Digital Data Processor 
Complete Data Processor (Redundant) 

Electronics/Gimbal-Flip Unit 
enable 
Electrical Power System 
electron volts 
experiment 
external 

fuse 
Fahrenheit 
field effect transistor 
filter 
field 
freq_uency 
fuel transfer tool 
forward 
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A 

GDT 
GEO 
GLA 

GMBL 
GND 
GT 

HBR 
HECPA 
HFE 

HI 
HTR 

HT/S 
HV 

Hz 

ID 

IN 
INCR 
IND 
INHIB 
INIT 
INST 
INSUL 
INT 

K 

kc 
kHz 
kV 

LAT 

LBR 
LECPA 
LIM 
LM 

LO 
LONG 
L/0 
103 

LP 
LSB 
LSD 
LSM 
LVL 

gradient sensor delta temperatures (HFE) 
geophone 
Grenade Launch Assembly (a component of ASE) 
gimbal 
ground 
gradient sensor ambient temperatures (HFE) 

high bit rate 
High-Energy Curved Plate Analyzer (a component of SIDE) 
Heat Flow Experiment 
high 
heater: On HFE there are two cases: 

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

heat sink 
high voltage 
hertz 

identification 
input 
increase 
indication 
inhibit 
initiate 
instrument 
insulation 
internal 

Kelvin 
kilocycles 
kilohertz 
kilovolts 

latitude 
low bit rate 
Low-Energy Curved Plate Analyzer (a component of SIDE) 
limit 
Lunar Module 
low 
longitude 
local oscillator 
loss of signal 
long period (PSE sensors) 
least significant bit 
least significant data 
Lunar Surface Magnetometer 
level 
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mA 
mAde 
MAP 
MAX 

Me 

MCC 
MDE 
MEAS 
MeV 
MHz 
MIN 
MOCR 
MOD 
MODE 

ms 
MSB 
MSD 
MSFN 
MTR 
MUX 
mV 
mW/cm2 

NA 
N/A 
NEG 
NORM 
NRZC 

OPER 
0/S 
osc 
0/T 
OUT 

PA 
pA 
PCM 
PCT 
PCU 
PDR 
PDU 
PET 

PHYS 

PKG 

milliampere 
milliamperes de 
message acceptance pulse 
maximum 
megacycle 

Mission Control Center 
mode 
measurement 

million electron volts 
megahertz 
minimum 

Mission Operations Control Room 
module 
operating modes are defined as follows: 

For HFE 
MODE/G 
MODE/IlK 
MODE/LK 

gradient mode 
high conductivity mode 
low conductivity mode 

millisecond 

most significant bit 
most significant data 
Manned Space Flight Network 
motor; on PSE, the three motors are MTRX, MTRY, and MTRZ 
multiplex 
millivolts 
milliwatts per square centimeter 

nanoa.mperes 

not applicable 
negative 

normal 
Non-Return to Zero Type C (Change) 

operate 
offset 
oscillator 
one-time 

output 

power amplifier 
picoamperes 

pulse code modulation 
percent 

Power Conditioning Unit 
power dissipation resistor 
Power Distribution Unit 
package elapsed time 
physical; on CPE used as follows: 

PHYS/AN Physical Analyzer (sensor assembly) 
package 
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PL 
PLT 
PM 

POS 
POSN 

PRE/LIM 
PRE/REG 
PRI 

P/S 
PSE 

PWR 

R 

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

SCI 
SEC 
SEL 
SEQ 

SEQ 
SIDE 

plane 
plate 
phase modulation 

positive 
position 

pre-limiting 

pre-regulator (a component of the SIDE power supply) 
primary; on ALSEP used as follows: 

PRI/ST primary structure 
power supply 

Passive Seismic Experiment; also: 

PSE/LP 

PSE/SP 
PSE/LP/SP 

long period sensors 

short period sensors 
long and short period sensors 

ALSEP 1 

Long period sensors are further defined as PSE/X, PSE/Y, and PSE/Z while 
PSE/XY denotes the two horizontal long period sensors 

power 

resistor (used as Rl and R2) 
received 

receiver 

ring sensor delta temperature (HFE) 
reference 

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

radio frequency 

relay 
remote site 

reset 
rate (as in BIT RT, CNT RT, etc.) 
ring sensor ambient temperatures (HFE) 
real-time c ::Jinm.and 

Radioisotope Thermoelectric Generator 

scientific 
second 

select 
sequence, sequential; used on HFE as: 

SEQ/FUL 
SEQ/Pl 
SEQ/P2 

Full Sequence 
Probe 1 Sequence 
Probe 2 Sequence 
Used on ASE as: 
SEQ/S Sequential Single 

scientific equipment 
Suprathermal Ion Detector Experiment; also: 

SIDE/A! analog and digital voltages 
SIDE/D or readings 

SIDE/HE high-energy analog data 
SIDE/LE low-energy analog data 
SIDE/LHE least significant high-energy digital data 
SIDE/LLE least significant low-energy digital data 
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SIG 
SLA 
SNSR 
SP 
SPST 
STA 
STBY 
S/S 
sws 
SYNC 
sw 
SUP 
SYS 

T 
TC 
TEMP 
THERM 
TM 

UHT 
USB 

v 
Vac 
Vdc 
vco 
V/FILT 

w 
Wl, W2, W3 

XMTR 
XTAL 

XYZf 
XYO 

¢ 

SIDE/MHE 
SIDE/MLE 

signal 

most significant high-energy digital data 
most significant low-energy digital data 

Spacecraft Lunar Module Adapter 
sensor 

short period (PSE sensor) 
single pole single throw 
status 
standby 
samples per second, signal strength 
Solar Wind Spectrometer 
synchronization 
switch 
supply 
system 

temperature (also used as "thermal" on ALSEP) 

ALSEP 1 

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

temperature 
the:nnal 
telemetry 

Universal Handling Tool 
unified S-band 

volts, velocity (used to indicate "speed" on PSE in "LVL DIR/V") 
volts ac 
volts de 
voltage controlled oscillator 
Velocity Filter, a component of SIDE 

watts 
wall locations of structure temperature sensors 

transmitter 
crystal 
axes of LSM, where XYO indicates 
X, or Y, or neither 

phase 
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1.2 DRAWING SYMBOL STANDARDS 

1.2 .1 GENERAL DRAWING INFORMATION 

A. ZONE REFERENCE 

X COORDINATE X z / Y COORDINATE 
A 1 

~xx.x 

WHEN THIS NUMBER APPEARS IT REFERS 
TO ANOTHER DRAWING. WHEN THERE IS 

ALSEP 1 

NO NUMBER THE ZONE REFERS TO ANOTHER 
AREA ON THE SAME DRAWiNG. 

B. POWER INTRA-DRAWING ZONE REFERENCE 

TO POWER 
LOAD 

o~4-

C. SYSTEM INTERCONNECT 

---o 
D. DRAWING NOTE REFERENCE 

(9 

1-7 

FROM POWER 
SOURCE 
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1.2.2 LINE LEGEND 

A. RF CABLE 

B. ELECTRICAL LINE, POWER AND CONTROL 

----
1. ELECTRICAL, CONNECTED 

2. ELECTRICAL, CROSSOVER 

C. DIRECTIONAL FLOW ARROWS .. .. .. 
1-8 
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D. COMPONENT ENCLOSURES <TYPICAL) 

XX XX XX TITLE 
<DIRECT ORY TYPE) 

1. MAIN ENCLOSURE 

2. SUB ENCLOSURE 

,~ 
_.A -

I 

~ --

1/ 16-INCH SOLID BLACK LINE 

1/ 32-INCH SOLID BLACK LINE 

3. COMPONENT ENCLOSURE WITH CREW <MANUAL CONTROU•--
1/16-INCH DASHED BLACK LINE 

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

EXPERIMENT I ALSEP 
I 
I 

E. MECHANICAL LINKAGE 

F. TIMING PULSES 

8--<Hz>-------

1·9 
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G. TWO-UNIT INTERFACE 

1.2 .3 TELEMETRY SYMBOLS 

<( :> 
<( :> 

A. MEASUREMENTS TELEMETERED 

/ :>\ MEASUREMENT NUMBER 

~ \ MEASUREMENT NAME 

\ I CHANNEL OR NOTE 
, d j PARAMETER RANGE 

7 NOT USED IN ALSEP 1 

B. METERS 

C. SINGLE SOURCE SENSOR 

CPOWERJ~ OUTPUT 

D. COMMANDS 

XX /....-COMMAND NUMBER 

l-10 



1.2 .4 ELECTRICAL SYMBOLS 

A. SWITCHES 

l . MOMENTARY CONTACT 

-
~ ... 

2. LATCHING CONTACT 

-~ -
3. SOLID PUSHBUTTON 

<PUSH TO OPEN) 
eie 

eie ---· ··---
B. FUSES 

MA 

---<f\_9----

ALSEP 1 

C. RELAYS 

1. MOMENTARY CONTACTS 

~ • 
2. LATCHING CONTACTS 

~ • 
3. NON-LATCHING RELAY 

SHOWN IN DE-ENERGIZED 
POSITION 

~ I 
~· 

1 ... 

~NOMENCLATURE 
LOGIC NO. 

4. LATCHING RELAY 

-F1j 
~ 

I• 

LOGIC NO. 
~ NOMENCLATURE 

l-11 
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D. RELAY OR SOLENOID DRIVER 

POWER 

RD 
SIGNAL :) 1 OR so 

I 

PWRA I 
I 
I 
~ 

E. BUSES • 
1. SYMBOL <LENGTH MAY VARY) 

4I 
BUS FEED BUS OUTPUT NEG BUS 

2. DESIGNATION 

vxxx 

F. GROUNDS 

1. SYSTEM 

_[ 

2. FLOATING OR CONTROLLED 

6.xx- NAME 

1-12 



G. TRANSFORMERS 

H . CAPACITOR 

~CORE 

A E POLARITY DOTS 
INDICATE OUT 
OF PHASE 

~E 
POLARITY DOTS 
INDICATE IN 
PHASE 

-----4~ 

I. DIGITAL INVERTER 

J. GATES 

1. AND 

2. NAND 

3. OR 

4. NOR 

----0--

1-13 
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K. TIME DELAY 

----~[~...._-

L. ELECTRICAL FILTER 

----t[ Fl LTER-]1---

M. MODULATOR 

~0~ 

N. DEMODULATOR 

----10t---

0. TRANSISTORS 

1. NPN 

NOTE: 
WHEN SHOWN I HS 

DENOTES HEAT SINK 
MOUNTED. 

2. PNP 

p. NON-AMPLIFYING DEVICE I 

IDENTIFIED 

----~[Xxx J~---

1-14 



Q. DIODES 

1. GENERAL 

~ 

2. ZENER 

~ 

3. CONTROL RECTIFIER 

®:--
R. POTENTIOMETER 

S. HEATER 

JUls-
XXX WATTS 

T • FIXED RES IS TOR 

XXX RATING 
~ 

U. THERMISTOR 

I v. THERMOSTAT 

I 

I 

---.rx...r-
RANGE XXX 

W. ANTENNA 

NAME 
<TYPE OR FUNCTION> 

T 
X. PHOTOELECTRIC CELL 

-@--
Y. AMPLIFIER 

PWR 
INPUT 

ALSEP l 

INPUT ---t 

INVERTED ----< 
INPUT 

OUTPUT 

DC I PRE OR BUFFER 
AS INDICATED 

1-15 
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1 .2. 5 SPECIAL ALSEP SYMBOLS 

A. ASTRONAUT r-------, 
SWITCHES ! -~ OFF : 

~-~·· • I 
-I ~ I 

SWITCH 1 II CW II BY-PASSES PCU 1 
1. ASTRONAUT l180°@) I 

HOLD OFF CIRCUIT 
I I 
IL ASTRO SWITCH 1 .II -------

2. ASTRONAUT SWITCH 2 

r-------, 
I I 

~I - I 
I@~ I TURNS ON XMTR Bl DATA 
1 1g~ ® I PROCESSOR Y AND RESETS 
I I COMMAND RECEIVER 
I I CIRCUIT BREAKER 

IL ASTRO SWITCH 2 Jl -------
3. ASTRONAUT SWITCH 3 r--------------. EXP 3 ON I 

EXP 4 ON I I 
EXP 2 ON I 

I 
EXP l ON I 

I 270° _ I 
1 cw~ - I 
I ( / I 
I I 
I I 
I ASTRO SWITCH .3 I L-------------· 1-16 

TURNS TO OPERATE 1 

EXP 1 CPSE) 1 EXP 2 CLSM) 1 

EXP 4 (SIDE) I AND EXP .3 
CSWS) 1 IN THAT ORDER 
<MOMENTARY CONTACTS) 
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B. FARADAY CUP CSWS SENSOR) 

I I I I I 
I I I I I I I I I I I I I I I I I I I I I I l 
I l 

_....._ 

C. GROUND PLANE CUSED ON SIDE) 

1-17 
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D. SIDE SENSOR ASSEMBLY 

AP£11TUitE 110 2 

COLLIMATOII 

CHAIINELTIIGII 10 Z 

AI'EIITU. 101 

lUST 
COW II 

IE.W 
jle COLUIIATOII 

VELOCITY 
FILTEII 

1-18 



E. COLD CATHODE ION GAGE 

1050 GAUSS 
MAGNETIC FIELD 

, ... I CATHODE 

,,... ANODE 

HIGH 
...__ __ VOLTAGE 

INPUT 

F. MOTOR WSED IN PSE AND LSM) 

I 
I 
I 

~OWER 

1-19 
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ALSEP 1 

Sl':CTION c 

GENERAL DESCRIPTION 

ALSEP DESCRIPTION 
The Apollo Lunar Surface Experiments Package (ALSEP) system consists of a set of scientific in-
struments to be placed on the moon's surface by the Apollo flight crew. These instruments will 
remain on the moon to collect and transmit data for approximately two years. For self-suffi-

cient operations, the ALSEP system includes a nuclear power supply, mechanical support, thermal 
protection, and data handling equipment. These supporting subsystems provide a flexible central 
station containing the electrical power, command, telemetry, and structural/thermal subsystems 
to operate with various combinations of the following scientific experiment subsystems: Passive 
Seismic, Active Seismic, Magnetometer, Solar Wind Spectrometer, Suprathermal Ion Detector/Cold 
Cathode Gage, Heat Flow, Charged-Particle Lunar Environment, and Cold Cathode Gage. Weight and 
volume restrictions of the Lunar Module preclude carrying all eight experiment subsystems on any 
one flight. This ALSEP Systems Handbook deals with the ALSEP 1 package containing the PSE, LSM, 
SWS, and SIDE/CCGE (Figure 2-l). 
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ALSEP l 
* SECTION 4 

ELECTRICAL POWER SUBSYSTEM 

4.1 SYSTEM DESCRIPTION 

4.1.1 

4.1. 2 

4.1. 3 

4.1.3.1 

The electrical power subsystem provides the electrical power for lunar surface operation of the ALSEP. 
Primary electrical power is developed by thermoelectric action with thermal energy supplied by a radio-

isotope source. The primary power is converted, regulated, and filtered to provide the six operating 

voltages for the ALSEP experiment and support subsystems. 

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

conditioning unit, and a power distribution unit. 

Radioisotope Thermoelectric Generator (RTG) 

A. RTG Commands - No command capability. 
B. RTG Telemetry- Four temperatures, one output voltage, and one output current (Tables 6-VIII and 6-X). 

C. Output - 68 watts, nominal. 

Power Conditioning Unit (PCU) 

The PCU performs three major functions: 

A. Voltage conversion 
B. Voltage regulation 

c. RTG protection 

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

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

The +16 volts from the RTG is applied through the switching circuit to the selected de-to-de converter, 

applying power to the inverter and completing the shunt regulation circuit. Applying power to the 

inverter permits it to supply ac power to the rectifiers that develop the de voltages applied to the 
filters. The outputs from the filters are the six operating voltages applied to the data subsystem. 

Output and input voltages are regulated by feedback from the +12-volt output to the shunt regulator. The 
+12-volt feedback is also applied to the switching circuit for over or under voltage determination and 

switching to the redundant inverter and regulator, if necessary. All the output voltages are regulated 

by the 12-volt feedback. 

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

Power-off sequencer.- (Refer to Figure 4.2.) The power-off sequencer of the PDU detects minimum reserve 

power and sequentially turns to standby up to three preselected experiments to bring the power reserve 
within acceptable limits. The minimum reserve power is detected by monitoring the voltage across the 
shunt regulator transistor. This voltage is applied to an operational amplifier used as a level detector. 

An RC delay network is employed at the output of the level detector, The output of the delay is applied 
to a second level detector which drives the power-off sequencer logic. This arrangement turns on the 
power-off sequencer logic input gate when the reserve power drops below the levels as follows: 

Reserve Power to Start Experiment Turn-Off (135 ms Delay): 
0.78 watts ~0.57 watts 
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4.1.3.2 

4.1.3.3 

Experiment Turn-Off Sequence, via the Power-Off Sequencer, is as follows: 
A. Experiment #4 (SIDE/CCGE) 
B. Experiment #3 (SWS) 

C. Experiment #l (PSE) 

NOTE 

Experiment #2 (LSM) is not 
in the turn-off sequence. 

AI.SEP 1 

The sequencer decoding gates are connected so that upon turn-on of the logic input gate, an output 

ground level signal is provided during the count between l and 9 milliseconds to the SIDE/CCGE power 

standby relay driver. This relay removes experiment operate power and applies power to the standby 
line. If the overload persists, the ground level signal supplied to the SIDE/CCGE standby line is 
removed and a ground level signal is applied to the SWS power standby command input during the next 
8-millisecond period (when the count is between 9 and 17 milliseconds). If overloading persists, the 
sequencer could continue in the same manner until the Passive Seismic Experiment (PSE) is in the 

standby mode. If, however, the overload is removed within the sequence, the counter will be reset 
in 2 milliseconds after a satisfactory power reserve signal is obtained, thus stopping the sequence. 

Note that the power OFF sequencer action places the experiments to standby ON from either an opera-
tional ON condition or from a standby OFF condition. 

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

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

circuits. 

Nickel wire temperature sensors are used in dividers to monitor exposed structural temperature, multi-

layer bag insulation temperatures, and sunshield temperatures. The circuit is a simple divider con-

sisting of 12 Vdc supplied through 5900 ohms and the sensor to ground. The output analog signal is 
taken across the sensor, providing a linear response from -300°F to +300°F. (Refer to Section 3 for 
sensor locations.) 

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

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

Four transistorized relay drivers, magnetic latching relays, and one magnetic latching relay acting 

as an overload sensor (circuit breaker) perform the control and circuit protection function for each 

experiment. The experiment standby power line is fused at 500 mA. Three command inputs are provided 
for each experiment power control circuit. 

A. Experiment Operate Select command 

B. Experiment Standby Select command 
C. Experiment Standby OFF command 

The three command inputs operate one or both of two power switching relays. One relay provides the 
selection of either standby power or operational power. The other interrupts the standby power line. 
The receipt of an Experiment Operate Select command will transfer the relay to a position which provides 
power through the current sensing coil of the circuit breaker relay to the experiment electronics. A 
second command, Standby OFF, operates the relay coil of the standby power interruption relay to open 
the circuit supplying power to the standby line. The Standby Select command, however, operates on 

both relays. The Standby Select command actuates both relays to the positions that supply power to 
the standby line. To place an experiment from OPERATE to standby OFF, the Standby Select command must be 
executed prior to the standby OFF command. DSS Htr 1 and DSS Htr 2 power control operates similar to 
experiment power control. 

4-2 



4 

3 NO 8 

NO 7 

2 

1 

D 

FIN NO 1 

NO 6 

TOP VIEW 

TM 

NO 2 

NO 5 

DESIGNATIONS 
AR-1 
AR-4 
AR-5 

c 

FIN 0 2 N 

--AR-5 

NO 3 

AR-1 

NO 4 

FIN NO 5 

B 

AR 5 

\ \ -

\ 
t':·:·:·:·:·:·:·:·:·:·:·:·:·.······· --::::;;: 

fSJ 

~~ 
.-. ~ 

l 
I= \ I ~ 

- -
\_ - -

~ 
······················•······· 7 ( L- -~ "Tl ,.~ ,..,. 

:::::::::::::::::::::::::::::::::::::: ~ 

\ 
~ - \ AR 4 

SIDE VIEW 

SIGNATURES 

86.5 PERCrNT 

t 

A 

RTG TEMPERATURE 
SENSOR LOCATIONS 

17 X 11 PAGE 4-.; SHEET OF 

4 

3 

2 

1 



TRANSMITTER POWER CONTROL 
I - )roHTR 

lf'ID:IIIT I ~ I I . ) TO"A" 

1 zqvoc • I I a1 lrlo:,,'t I lj_l J I ) TO"A" 

•12VOC-------1-"" I riD;IIIT I ~ Ill •} 'TO"B" 

XMTR OFF } TO "8" RELAY 
K2 I TO 

D IPLEXER/ 
SWITCH 

POWER RETURN } TO A & B 

7759-6087 

DATA PROCESSOR & 
CMD RCVR PWR CONTROL CKTS 

DATA PROCESSOR 

• 17 VOC 10 DIGITAl 01' - · -----·--··--

' 1\VDC 10 MIJ X/CONV X 
TO MU X/C ONV Y 

-12VDC [o--it 10 MUXICONV X 
10 MUX/CONV Y 
10 MUX/CONV X 
11111 !(;!]AI liP X •Wilt: 

t-IOIJ II; II AI!li'Y 
-- 10 MIIXICIINV Y 

COMMAND RECEIVER 

__r:~ 

I ' l·· I ' It VIJC o- -
C

R II 'n-!-.~ 
Z2 I ' I 

TT' -~ + M. t---) I TO HTR 

~JCB6 
o 2~ VIJC 
o- --~ 

I. CBI IS LATCHING 
TYPf Rl LAY 

2. CB6 IS " HOLDING" 
TYPE RELA Y 

NOM INAL COil VOLTAGE 
IS 18 VIJC 

Jill! - ~ RT N0 

7759-6088 \ vl~-1P.e ~~ 

ft!_-s'i 

~ 



30 

G8 
c CJ 5 C'l ...., c 
.8 ~ 26 
:l c 

<( 0 

L4 

22 

20 

18 
~ 
C'l rn ...., 16 
0 
> 

(.') 
14 1-

0:: 

12 

10 

8 

6 

4 

2 

0 

Watts available at time of Astro switch 1 actuation 

--PCU not regulated -1-PCU regulated---.. 

8.2 22.4 36 54.5 65 

ALSEP 1 

~: ;-r--j rm·-· -~-- -1 +--- +-t·' l t H i!ll- +- - - I_ - R~ IIi-:- t}+l tt-+_-lf-! t - !-' - - -4--j-- ± ':+ 
: I • +-t ~- - H- H- . i 4 1 ~ -- - -j I - - ' -t j 
I H--1'- ' . I I~ t ! I i ' I - r- ! " + - -1 . +-~ 
• 1 ' . fl I • I • ,. l I : i II \ t f' + '1 H 1' i l - - --- -' ++t-+-+_-. 

I j I • I ' i I ' + ' I I I 1 I I t . I ,_ • ' j I I t - - j' f . --j '- - - - - - j- -L-1--t--'--+ 
1 I l • ' ' • I ' ' • t - -1-- -t - ~ ·t- t -- . - - -+--~· 

I •• ' • I I I • I ' l I ; I l I ' .L'--+ - - -- W--i-~: ~ ; ; ' ' - ·.I j t -t I I j j_ i :FT I J _· j - "'~ - - - 4-+ ; 
: ~: ~ 34:5. ~atts requ .. red It ltl- f FH'=t+ lo" :-
•• , 1 for m1t1al operat1on H-{.j 1 - Fft=H-=!=-- - "" , , , , , 

1 t~--+: j_ +l-' u j f"'!'S H, _ _ _ :t·F!-i"' pen c1rcu1 b:: I '++-' L -~~---4~~~-it f-Lt-tN.-- -1 tt;-\-1-- ,.. f D f- 1\: 0 . 't -~, 
: : . . : ___ :_ · . : ~ l-t _ i _j +-~ -·~i -+ rt.?' _ -_ -T , ,::: 1 , =R cshort removed> =r+ 

~-:---: -~ : I • : ~ ~-:. +-i~-@tt± ~-tnr -1 ~t tt fmvljj +=iT- -- -L + . . . . . . :-n ±± ~ ·--t--4 -ti -- i tj_ -
•• : I • I I;: ... ~ 1 i - ~: :+lt:±± - ,-I t± - - ' .. 

--: ' . I ::_;~~ .• : i L !J :-i-:~ . - tL±Ltt±± -J ·j 1-~:-: j H . ' ++~ ;-~1 
. • • • . -. - - • - . . 1 1 t_ --ti-jjj-:LJ~i t- - I [t :::t +UJ _j 

~· ··:_· :~-_r: -:::: L' Jt-~~-jtf-:+~:f~+-i:_+ i I.~ l:::t ii-~t+- --+ i I' 1 -- i + --·- ~~--~- 1r·t± , ., - . -r-'-· L_ 
:-- · · · -rt-- ':-~ -r --"-c- 1 -t -~--~-
1 .. - -1--1-- -- 1-· -L- -- __ l_+ , I , I -J ~ t ' · · · 'd· · L · ' 

;....:_, · -· ·-· ~-'-t- - ~1+ <=-1 ~ t-+r+-t +1~~ Short circuit · :--
-· ~~-+; , _ _, • + . -1 ++-t ' . ' , _ _. ++_j f--1---l--L . ' ' 

~ . ·-· ----;~~-+->-, ·, ~~- - H '•L•t-t---1-.L +-H++-H+ (short not +--~ - · ... . . -:-. :rtt' :~ -'_,_:_H- 1 \rt.L.L -\.- _ · removed) : ~ .. . . .. , ,_ : '_ 'j,L I+,. f-l~J __ ,_+i.ml-i. J~m-'1·--t --··t--;<-r--~-Tl -~--. . ... , - t--• - H tt H-'--i-t·>-•--L -- -- I . _LLl j .1_ . r---. - , ~ rl- i -1 • • -1--t-1+·- L i .j. . I -f-+t ' ·lli±±· j : , , : : ' ·· 
- ... -·- - Lt · +- +-- --:-~h t-t-r -- - r- , 1--1---j--+---:--·-- - ,--!': t +It- II ti-0--+:: i :. -~ ,,bt-t-l-14- ' ti+: ' ++--'-' 

• -· +- ~ j 1 ~-· - : t j ' 
~:-~ · _:,r_L·1·~~-i 

); 

Jtw-·1 
·-. - l j-l-1 -: ..• 

~ ~ -t • ·t +-t-+ j {_-+-t 
. • • -, ·-·-t- I i l ! ~ . -:---- -H ,-t- : i 1 + - --t-- i -I . ! i -oo ;--,----

:_·_· r t- --+- -r i t-1 -+· 1 I 1 
1 

-~-· ---- ~---· -·~- ------· -~---,- ~ -----~ . . -- ~, - , . · -f- -1~--~1 H , · , · ' l +' 1 1-+..L! t- ...; .. t+j:' +1 ... - · - ·-- • • · · · ,::_j: - - ; · • 1 • • ' • · l.- -· i •-+1--L -~----f. - -~~-
• I 1 ' ' ' 'I I I' 1 I I ' , I '• . - - - - - · -- - -·· , · -·- ,_ ·-1 t· -1--i ,..,_, + 1 -~ - , .:.+ -+-':HT1J:::1+ ~P- . 

.•• ·-:.-. + •• c It-- 1--H-...( ___ -1--t-+ +:-1--l H· ~',1- ' +-- . ' . ' 
~- · · · · -· ' -H + ~ -'--+-_[ • • ' ' ! t · ,__ ' · +++-- . . -- . -.. . -~ 1_t - .1 -+-ti . -L-L ... ,_, J._j__j_' _ t-l ' j_ _ _.j . I 

' I I ' I ' I'' 'I I I: j I I • 1 -..... ·. ··---··-----·•-'-- ,..~. +-rt··-1 1
:-- +-~·. ···-T~~ _, __ ~+-~ ··- __ , - t·-" -~ . . , ._ -- - .. _: __ _; __ -"'+ ' -t + ' --H-t- '-"--' . • -'--Lr -+-~ 1±. . - ' ·t·ltf--i-

... _;_ , C. _ _,__, . .,__; .. r_j_ - L.j_ -· -;- : -~ "-"+'-++- r . -t--_1--+ -.' ++- -
' I:- I I I . J'' '.!.I I I I' I: I I l I ' ' - -~ • -~._. __ .;. : -~~ 1- + • 

0 

~~-_:_::~~ UiJt!t~ ~-. 
''i . • t- ''1 --- l 
I+ --l. -t ... -. H l r·H 
1 ~ j , L r 
It '' 

10 20 30 40 

Time in minutes from fueling 

50 60 

I I I I I I I I 
3.6 5.2 6.7 7.4 7.7 7.9 8.0 

RTG short circuit current vs time from fueling 

Example: 

ntt:; 
i -t---Li--l-1 

Short removed 30 minutes after fueling. Move horizontally from short circuit curve to open 
circuit curve. If Astronaut switch no. 1 is actuated 9 minutes later, the required 34.5 
watts will be available 

Figure 4-1 .- RTG warmup characteristics. 
4-4 

70 



600 

l..i... 
Ill 
Q1 
Q1 

Ci 500 Q1 
-o .. 
c. 
E 

~~HH~·~~~HH~~++++++++++~~Tt-
-n~, 

Q1 .... 
Q1 
E 
C'C! ...: 

-o 
0 
u 

400 

0 1 2 3 4 5 6 

RTG current in amps 

Figure 4-2.- RTG hot and cold frame temps vs RTG current. 

7 

1200 

1100 

1000 

900 
8 

l..i... 
Ill 
Q1 

~ 
0> 
Q1 

-o .. 
c. 
E 
Q1 .... 
Q1 
E 
C'C! ...: .... 
0 
:I: 

)> 
r 
Vl rn 
"'0 
...... 



r----

RTG 

L..---

Ill wilts =CSI RTGflllll 
CSI = tAE-lliAE-4) -

J. 
E), I qJUnt dl::.5ip:::. - Ext 

1.1 
IAE c)!ll!l'l ~htl''! r: 

cid~ 

Central station thermal bag 

Reserve PW1 - CS1 - PCU 1 IAE·JHAE 51~ int rcy 1 
dissip +ext s/Ju11t ~..;i:isip .--+- internal tnt reg 1 dissip = CSJ = IAE-311AE-5l·IAE·5l2t4. 2121 rcq 

di>Oip 

t 
~ 

- I nt req di;sip + PCU I conv loss= Y axls value on fig 4. 4 

( PCU I sl Shunt Amps PCU I PCU I conv toss shown on fig 4. 4 varies with PCU load 
\:Oto 15 ADcJ 

~ 
~ 1- conv I- from 5 to 9 watts. 7 watts nominal 

loss 

~ PCU 2 set 

( 'l~" ' f 0 to ADC 

? ~ 
-~ [ f P~U In \ Volts 

0 1 ZUVDC 

~ PCU I sel 

~ PCU 2 

(s~mp~ 
.--- conv 1--

loss PCU 2 conv toss shown on Figure 4. 4 varies with PClr 
0 to l. 5 ADC load from 4 1o 8 watts. 6 watts nominal 

_ldl: 
~ - tnt req dissip +PCU 2 conv loss=Y axis Yilue on Figure 4. 4 

~ 
PCU 2 
internal I nt reg 2 disslp={;55=1AE- lliAE ·6HAE ·6)2 14.2 Ql Reserve PW 2 = CS4 - reg 

IAE · JIIAE -6) ~in! req 2 dissip 
dlssip +ext shunt disslp -

Note, 

Ext shunt dissip .lshEu~t 4.2 CSI thru CS5 are calculations on central 
IAE ·6)2 14. 2 Q) dissip fl station HSP format. All dissipations. outputs 

and converter losses are in waHs 
-:-

Figure 4-3. - ALSE P I power di5~ipfltion di~trit u•iorr. 

PCU toad~RTG output-IRES PW+ PcUconv less.) 
PCU load is the sumlllillon dill ctoctricilloilds 
on PCU outputs shown on X axis IJ figure 4. 4 

Central 
station data 
subsystem 
lJ-15 WiltS PD<l : 

/IIIIIs 

,__..,......... K-16 -:-• 
,__..,........K·l7 DSS htr 3 10 Wills PDRZ-

~ 
14wolls-

• DSS hlr I IOllllts -:-

~K-14 

~ 
-:-

• DSS htr 2 -:-
5 wilts 

o,.r ..--- PSE 
,_....,.......K-ill I'S( sens• 

1.7h11J rt1er to s-, ).15..., PWIII'Ifllt 
K117 1..---- "' 8-1 • O,Or 

~ K-08 lSM 

~K119 
rtlerlo 

P'fl prol'llt 
ng 9·1 

O,Or 
sws ,__...... K-10 rrfer to 

s~ P'llliWilflle 

K-11 "' 10·1 
• Oper 

SIDE 
~ K-12 .-rto 

Silly PWIII'ilfllt 

K-ll 
figlH 

rv· 

[V Rcl•ys ~~~own ore <~etuotod lly COI'IIUMs. 
kefer to dr,Jwing 4. 2 for det.ils 



:5 
~ ... 
b 
" 8 
.5 

J:! .. 
.! 
:s 
~ 

t 
·: 
:;:; ..., ... 
E 
~ 
:::> u 
Q. 

~ 
0 ,_ 

Dissipation within PCU vs PCU output power 

55 watt regulator 

Tot.ll load on all PCU outputo Cw.1ttol 

Figure 4-4.- PCU load vs RTG power output vs central station di~sipation. 

• :;; ,., .... 



• ALSEP 1 

Circuit breaker resetting is provided by internally generating a Standby Select command using the contacts 
of a current sensing relay. Should an overcurrent condition exist through the sensing coil in series with 
the experiment operational power line, the contacts of the sensing relay break the Standby Select command 
line and apply a ground signal to each of two relay drivers. One relay driver operates the power select 
relay to the Standby Power position. The other driver operates the standby power interruption relay to 
close the contacts supplying power to the standby power line. Operation of the standby power interruption 
relay provides power to the reset coil of the overload sensing relay thereby resetting its contacts to 
permit normal Standby Select command inputs. 

Transmitter power control and overload protection uses two power control relays, four overload sensing 
relays, and associated relay drivers. Four commands are required: 
A. Transmitter·On· 
B. Transmitter·Off 
C. Transmitter A Select 
D. Transmitter B Select. 

The Transmitter On and Off commands operate the double pole double throw relay which switches both +12 Vdc 
and +29 Vdc to the transmitter transfer relay. When the transmitter is off, +29 Vdc is switched to the 
8.4-watt transmitter heater. If either Transmitter A or Transmitter B power line is overloaded, the con-
tacts of the overload sensing relay transfers the transmitter select relay to supply power to the 
alternate transmitter. When power is transferred to the alternate transmitter, the circuit overload 

sensing relays are both reset and the normal command link inputs are restored. Diplexer switching power, 
required only when Transmitter B is selected, is obtained directly from the +12 Vdc Transmitter B power 

line. 

The command receiver requires both +12 Vdc and -6 Vdc for operation. The -6 Vdc line is not provided 
with circuit protection. The +12 Vdc line is provided with overload protection which uses a magnetic 
latching circuit breaker relay. The circuit breaker will in turn actuate relay K-19 and therefore 
interrupt +12 Vdc. Since no redundancy of receivers exists, a 12-hour reset pulse is supplied to the 
breaker every 12 hours. If the receiver is tripped off, +12 Vdc is switched to the 1.25-watt receiver 
heater. 

For data processor power control, redundant electronics are switched using standard magnetic latching 
relays. These relays are controlled by ground commands. Overload protection is not provided. 

Power dissipation Resistor 1, power dissipation Resistor 2, and the central station DSS Heater 3 are 
switched off and on by ground command only. 

Electronics for the dust detector consist of the following three functional areas which are illustrated 
in Drawing 7.1. 
A. Power switching 
B. Operational amplifiers 
c. Temperature measurement 

The power switching function switches +12 Vdc and -12 Vdc power to the amplifiers upon receiving a ground 
command. The switching function consists of a command flip-flop and power switching circuits. Power 
protection is provided by fUsee. Note that power switching does not affect the temperature measurements. 

TABLE 4-I.- PCU OVER AND UNDER VOLTAGE 

Over and Under Voltage Sensing Circuit - An automatic ewitchover circuit in PCU 1 operates when the +12 Vdc 
bus varies outside of the following limite. The sensing circuit causes a switch from PCU 1 to PCU 2 only. 

Sensing Circuit 

Over Voltage 
Under Voltage 

Voltage Level 

+13 !. 0. 25 Vdc 
+11 !. 0. 25 Vdc 

4-8 

Time Delay 

10 me 
300 me 



* 

TABLE 4-II.- POWER CALCULATIONS 

TM Symbol 

(AE-3) X (AE-4) 
(AE-3) X (AE-5) 
(AE-3) X (AE-6) 

Resultant (Watts) 

RTG Output Power 
Reserve Power PCU l 

= Reserve Power PCU 2 

ALSEP l 

(RTG Output Power) - (Reserve Power) = PCU Input Power 
(AE-3) (AE-5) - (AE-5) 2 (4.2n) = Internal Reg Hl Dissipation 
(AE-3) (AE-6) - (AE-6)2 (4.2n) = Internal Reg #2 Dissipation 

TABLE 4-III.- PDU RELAY INITIAL CONDITIONS 

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

RELAY 

K-01 
K-02, K-03 
K-04 
K-05 
K-06, K-07 
K-08, K-09 
K-10, K-11 
K-12, K-13 
K-14, K-15 
K-16 
K-17 
K-18 
K-19 

FUNCTION 

PCU Select 
D/P Select 
XMTR Off, XMTR Htr On 
XMTR A, XMTR B Select 
Exp #l Power Control 
Exp #2 Power Control 
Exp #3 Power Control 
Exp #4 Power Control 
DSS Htrs 1 and 2 
PDR #l On/Off 
PDR #2 On/Off 
DSS Heater 3 On/Off 
Receiver Protection 

~ 

AE-5 
None 

No Downlink 
AE-17 
AB-4 
AB-4 
AB-5 
AB-5 
AB-5 
AE-5 
AE-5 
AE-5 

Command Capability 

NOTE 
Exp #2 (LSM) has no standby heater. 
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INITIAL CONDITION 

PCU l Selected 
D/P X Selected 
XMTR Off 
XMI'R A Selected 
Exp #l in Stby 
Exp #2 in Stby (Note) 
Exp #3 in Stby 
Exp #4 in Stby 
Off 
Off 
Off 
10-watt DSS Htr 3 On 
Receiver On 



SYMBOL 
NUMBER 

CB-01 

CB-02 

CB-03 

CB-04 

CB-05 

CB-06 

CB-07 

CB-08 

CB-09 

CB-10 

F-Ol 

F-02 

F-03 

F-04 

F-05 

F-06 

F-07 

~ 

llO to 225 mA 

llO to 225 mA 

560 to 840 mA 

110 to 225 mA 

560 to 840 mA 

450 to-550 mA 

450 to 550 mA 

450 to 550 mA 

450 to 550 mA 

450 to 550 mA 

250 mA 

250 mA 

500 mA 

500 mA 

500 mA 

500 mA 

500 mA 

SUBSYSTEM 

Command Receiver 

Transmitter A 

Transmitter A 

Transmitter B 

Transmitter B 

PSE Operate 

LSM Operate 

SWS Operate 

SIDE/CCGE Operate 

Thermal 

Dust Detector 

Dust Detector 

PSE Standby 

LSM Standby 

SWS Standby 

SIDE/CCGE Standby 

Thermal 

TABLE 4-IV.- CIRCUIT BREAKER AND FUSE TABULATION 

+12 Vdc 

+12 Vdc 

+29 Vdc 

+12 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

-12 Vdc 

+12 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

+29 Vdc 

Receiver overload causes breaker CB-01 to switch in 1.25-watt receiver heater. 
No protection for heater. Breaker reset by 12-hour timer. 

Transmitter A +12 Vdc overload causes breaker CB-02 to switch Transmitter B on. 
Breaker CB-02 is self-resetting. 

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

Transmitter B +12 Vdc overload causes breaker CB-04 to switch Transmitter A on. 
Breaker CB-04 is self-resetting. 

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

PSE instrument overload causes breaker CB-06 to place PSE in standby. Breaker 
CB-06 is self-resetting. 

LSM instrument overload causes breaker CB-07 to place LSM to off. ~: LSM has 
no standby heater. Breaker CB-07 is self-resetting. 

SWS instrument overload causes breaker CB-08 to place SWS in standby. Breaker 
CB-08 is self-resetting. 

SIDE/CCGE instrument overload causes breaker CB-09 to place SIDE/CCGE in standby. 
Breaker CB-09 is self-resetting. 

OVerload on 10-watt heater line (DSS Htr 1) causes CB-10 to switch in 5-watt 
heater (DSS Htr 2). CB-10 is self-resetting. 

A blown fuse F-01 will permanently disable the dust detector resulting in loss 
of photoelectric cell voltage TM parameters AX-4, AX-5, andAX~6. 

A blown fuse F-02 will permanently disable the dust detector, resulting in loss 
of photoelectric cell voltage TM parameters AX-4, AX-5, and AX-6 and photoelectric 
cell temp TM parameters AX-1, AX-2, and AX-3. 

A blown F-03 will permanently disable the PSE standby capability. 

A blown F-04 will only affect TM parameters AB-4. Refer to Drawing 4.2. 

A blown F-05 will permanently disable the SWS standby capability. 

A blown F-06 will permanently disable the SIDE/CCGE standby capability. 

A blown F-07 will permanently disable DSS Htr 2. 



~LE 4-V.- VOLTAGE DISTRIBUTION AND BUS LOAD ANALYSIS 

VOLTAGE BUS 

+29 Vdc (+0.40, -0.41) 

+15 Vdc (+0.30, -0.20) 

+12 Vdc (+0.10, -0.15) 

+5 Vdc (+0.25, -0.15) 

-6 Vdc (+0.15, -0.10) 

-12 Vdc (+0.20, -0.40) 

* at -10°F 
** at +140°F 

~ 

Experiment operational power is defined 
as maximum nighttime steady state (e.g. 
PSE Oper). Experiment standby power is 
defined as maximum heater power (e.g. 
PSE Stby). The voltage distribution and 
load analysis represent measurements at 
an ambient temperature of 70°F. 

~ WATTS ~ 

PSE Oper 7.8 270 
Stby 4.5 155 

LSM Oper 10.5 360 
Stby 0.0 0 

(No Htr) 
SWS Oper 6.5 225 

Stby 4.0 138 
SIDE Oper 10.5 360 

Stby 6.0 206 

DSS Htr 1 10.0 345 
DSS Htr 2 5.0 172 
XMTR A 6.0*- 9.0** 207-308 
XMTR B 6.0*- 9.0** 207-308 
XMTR Htr 8.4 290 
DSS Htr 3 10.0 345 
PDR 1 7.0 240 
PDR 2 14.0 485 
PDU 0.375 13 
DSS/A .065 4.34 

PDU .075 5.0 
CMO DEC .325 27.1 

Diplexer Sw .150 12.5 
DSS/A .150 12.5 
DSS/D .05 4.17 
Dust Det .380 31.6 
PCU Negligible 
PDU .735 61.1 

Receiver .665 55.5 
Rcvr Htr 1.25 104 

Temp Sensors Negligible 
XMTR A .500 41.7 
XMTR B .500 41.7 
CMO DEC .775 155 
DSS/A 1.10 220 
DSS/D .450 90 
PDU .085 17 

Relay Drivers Negligible 
CMO DEC .230 38.4 

PDU Negligible 
Receiver .030 5.0 

DSS/A .120 10 

Dust Det .160 13.2 
PDU .475 39.6 
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ALSEP 1 

CIRCUIT PROTECTION (Drawing 4.2) 

CB-06 500 mA !10% 
F-03 500 mA 
CB-07 500 mA ±10% 
F-04 500 mA 

CB-08 500 mA ±10% 
F-05 500 mA 
CB-09 500 mA ±10% 
F-06 500 mA 
CB-10 500 mA ±10% 
F-07 500 mA 
CB-03 560 to 840 mA 
CB-05 560 to 840 mA 
None 
None 
None 
None 
None 
None 
None 
None 
CB-04 110 to 225 mA 
None 
None 
F-02 250 mA 
None 
None 
CB-01 110 to 225 mA 
None 
None 
CB-02 110 to 225 mA 
CB-04 110 to 225 mA 
None 
None 
None 
None 
None 
None 
None 
None 
None 
F-01 250 mA 
None 



ALSEP 1 

TABLE 4-VI.- COMMANDS CAUSING ~POWER DEMAND 

Tabulation or 6P caused by command execution assuming the following conditions exist: 

Transmitter 
PDR Ill 
PDR 112 
DSS Heater 3 
Dust Detector 
PSE 
LSM 
sws 
SIDE/CCGE 
DSS Htr 1 and 2 

Off 
Off 
orr 
orr 
Off 
Off 
Off 
Off 
Off 
Off 

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

Transmitter Heater 
Receiver 
~SS/D 
DSS/A 
CMD Decoder 
PDU 
PCU (voltage regulator) 
Distribution Losses 

Total 

~ 
8.40 Watts 
0.70 Watts 
0.50 Watts 
1.44 Watts 
1.33 Watts 
l. 75 Watts 
1.5 Watts 
1.5 Watts 

17.12 Watts 

l!!M£. 
345.0 

60.5 
94.2 

247.0 
220.0 
137.0 

(Refer to note) 

17.12 Watts represents the base for the delta power demands caused by the execution of the following commands: 
(Refer to individual experiment power profiles.) 

~ 
013 Transmitter On 

017 PDR #l On 

022 PDR #2 On 

024 DSS Heater 3 On 

027 Dust Detector On 

036 Exp #l Oper Bel (PSE) 

037 Exp #1 Stby Sel (PSE) 

042 Exp #2 Oper Sel (LSM) 

045 Exp #3 Oper Sel (SWS) 

046 Exp #3 Stby Sel (SWS) 

052 Exp #4 Oper Sel 
(SIDE/CCGE) 

053 Exp #4 Stby Sel 
(SIDE/CCGE) 

055 DSS Htr 1 Sel 

056 DSS Htr 2 Sel 

070 Level Power "X" Motor 
(PSE) 

Delta Power 
1.0 Watts 
1.15 Watts 

7.0 Watts 

14.0 Watts 

10.0 Watts 

0.3 Watts 

5.07 Watts 
7.84 Watts 

12.7 Watts 

4.5 Watts 

5.5 Watts 
10,5 Watts 

10.2 Watts 

6.2 Watts 
6.5 Watts 

11.8 Watts 

4.0 Watts 

6.5 Watts 
10.5 Watts 

11.5- Watts 

6.0 Watts 
2.0 Watts 

10.0 Watts 

5.0 Watts 

3.6 Watts 

Delta mAde 

242 

483 

345 

25 

174 
270 

440 

155 

190 
360 

354 

214 
225 

408 

138 

224 
360 

397 

207 
69 

345 

172 

124 

~-J.fLc. 

~ 
XMTR A selected by CMD 012. 
XMTR B selected by CMD 015. 

Thermostatically controlled. 

Day scientific mode. Above +125°F 
Night scientific mode. Below +l25°F 
(2.77 Watt difference due to heater. 
See CMD 076) 
Turn on transient. 

Survival heaters. 

Day scientific mode. Above +35°C, 
Night scientific mode. Below +35°C. 
(5 Watt difference due to heaters. 
See CMD 134). 
Turn on transient. 

Day scientific mode. 
Night scientific mode. 
(0.3 Watts difference due to heaters), 
Turn on transient 

Survival heaters. 

Day scientific mode. 
Night scientific mode. 
(4,0 Watts difference due to 
thermostatically controlled heater). 
Turn on transient 

Survival heater (Night). 'Below 0°C. 
Survival heater (Day). lAbove 0°C, 

Commandable heater. 

Commandable heater. 

Above PSE operate power (see CMD 036), 
Exp #1 (PSE) must be operational. 



~ 
071 Level Power "Y" Motor 
(PSE) 

072 Level Power "Z" Motor 
(PSE) 

076 Thermal Control Mode 
(PSE) 
Auto 
Forced 
Off 

107 and 110 Remove Dust Cover 
(SIDE) 

122 SWS Dust Cover Removal 

131 Flip/Cal Initiate 
(LSM) 

133 Site survey (LSM) 

134 Temp Control (LSM) 
X or Y 
Off 

ALSEP 1 

TABLE 4-VI.- COMMANDS CAUSING a POWER DEMAND - Concluded 

Delta Power Delta mAde 

0.2 to 2.77 Watts 6.9 to 96 
2.77 Watts 96 
o.o Watts 0 

6.0 Watts 207 

5.0 Watts 172 

3.4 Watts (day) 117 
1.0 Watts (night) 34.5 

4.5 Watts 155 

5.0 Watts 103 
0,0 Watts 0 

!2:!! 

~ 
Same as CMD 070, 

Same as CMD 070, 

Proportional heater. 
Heater on continuously. 
Heater off. 
Exp #1 (PSE) must be operational. 

Transient for 2.5 seconds. 
Remove dust cover one time function 
(day only), 
Exp #4 (SIDE) must be operational. 

Transient for 4,0 seconds. 
Dust cover removal one time function 
(day only), 
Exp #3 (SWS) must be operational. 

Exp #2 (LSM) must be operational. 
Heaters switched off during flip cal 
sequence. (1,0 Watt above nominal 
night power demand of 10.9 Watts.) 

Day only. 
Exp #2 (LSM) must be operational. 

Thermostatically controlled heaters. 
Heaters off. 
Exp #2 (LSM) must be operational, 

Less than 1.5 watts reserve power will turn 
Ex~ #4 to standby. PCU conversion loss (4 
watts dissipation at minimum PCU loading) 
or shunt regulator dissipation not included. 
Conversion loss and shunt regulator dissi-
pation variable depending on PCU loading. 
Refer to Figure 4-4. 
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XN'l'E A 

+29 Vdc 

b. 0 ',{att.E* 
9.(1 Watts* 

+l~ Vd·~ +l£' ','Jc 

0. 5 v!?tts 
"-1. 7 r::A 

"'de -6 Vdl.! 

Wa~t.s C'MD Ll2 se.!E.c ts A XMTR. +12 Vdc CB-,...,2. 
6. ~ (-l::J0 :F) +:.:? V..ic (:3-(J":; 
(1·5 (+J40°F) CMD Gl5 sdec1:s 1 XMTR. XM:!'R B pr-:Jtectior:: +2..2 Vdc 8:3-')4. 

------------ _ ---------- ----------- ----------- ----------- ---------- -··-------- ------------ +29 Vdc Si'-D5 . 
• '>CMTR B 6.C Watt:::* C.6'5 Watts 16.1 Watts CH!) ~:c~.rt.s on selected XMTR. 

-------------- ~~~-:~:~~= ----------- ~~-:-~------ ----------- ---------- ----------~ ~~---~~~~: __ g~r1oad tt:.!"n! ~~f v~~l~~:e~l~·~~ 225 ~) vr +29 Vd~ bus 
XMTB !:TR 8.4 ;.;atts 8.4 ;...'atts (560 to rnA) causes a svit~h tc other t:ran.:>rr.itte!'. 

RECEIV1'R 

RECEIVER 
HEATEH 

2:;10 rrJI. Wner. ;c.:T? is comt:lande<] off (CMD 014) tra:.sr:.ltter heater 
is auto::::c.tically "t..u-nea or.. The +~.2 'ide SYlitct.ed tc XM7F; 
B a]sG energizes the 'l.:.plexer switch. 

0.665 Via"':t.:; 
55-5 mA 

0.03 Watts 
5.0 ::nA 

0.69;. Watts No grcund CO!:l!:lands to con-crol receive!. ()·,rerload on +12 
Vdc bus (llO to 22'5 rnA) disconnects +j_2 Vdc (•:ia C.B-Cl) 

----------- ----------- ---------- ---------- ------------ from recei',cer and S'l.'i.T..ches in receiver nF:>a"te:r. Receiver is 
1.25 Watts 1.25 Watts turned back :::n by 12-hcur pulse from titr.~r. -t 'v'dc 
104 mA continuously. 

~-------+------+------+------~------4---
X )R Y 0.05 Watts 0.45 Watts Ci.50 Watt:: C!<JD 034 turns on 11X" processor, ''Y" processo; off. 
VATA FR'JCESSOR 4.2 mA 90 rr.A CMD 035 turns on "Y" processor, "X" J.-rocessor of:'. 
-------------- ---------- ----------- ----------- ----------- -·--------- ---------- ------------ No overload protection for proces::;rrs. Either "X" or ''Y" 
A;U,l,Gt; MUX 0.065 Watts 0.1) i-latts 0.12 Wat,ts l.l Watts Llt35 Watts processor on. No overload protection for ana:og multi-

COMMAND 
DECODER 

PDU 

4.4 mA 12.5 'JlA 10 m:c 220 mA plexer. An1:1log !>lliX on continuously. 

0.325 Watts 
27.1 rnA 

0.23'2 h'att c;.. T{5 Viatt 1.33 Watts Command decojer is on continuously with nc over lead protec-
38.4 r.lA 175 mA tion. Redundant decoders "A" and "B" addressable from 

ground. 

0.375 Watt 0.075 W'atts 0.735 'tlatts 0.47) ·~-i::;.tts o.uoe Watt 0.08) Wah 1.753 ·da~-cs PDU control3 di.:;tribution of poYler to the ALSEP subsystems. 
12.9 rnA 5.0 wl~ 61.1 :nA 39.5 mA 1.3 rr.A 17 rnA ~12 Vdc, -12 Ydc, ard +5 Vdc a.re for paver sequencer logic. 

+29 Vdc and +5 Vdc are used for relay drivers located in 
PDU. 

~~~;-;~;------ ---------- ----------- ~----~:~~~- ;~~6-~~~~:- ---------- ---------- ~~;4-~~~~:-- ~~-;;~-~::~~-~~~~-~~~~~~~;-~~~--~~;-;~~-~~~-~~:~-;;~-=---

131 r..l'. 13.2 mA -12 Vdc bus fuse F02. 250 mA each. 

PCU l 
OR 

PCU 2 

PDR #1 

PDR #';.. 

1.0 Watts 
240 mA 

DSS HEATE!~ j 10.0 ·..:atts 
345 nu\ 

DSS HEAl't.fl 5 IJatts 
l'(3mA 

F1 Watts 
3!1;) m.A 

.:i. 5 Watts 

* Tro.r,sm..;.tter rowE..r J.e:and varies wi-:.r: t<.:'rnpt•rutu.:r.:_. 

l. 5 Wa-cts 

1.0 Watts 

CMD 031 turns dus~ detector off. Dust detector photo-
electrical cell temps on continuously. 

CMD 060 -cu.rns on PCU-1, PCU-2 off. 
CMIJ 062 tc.:.rns on PCU-2~ PCU-1 off. 
+12 Vdc required for level sensing circuit and rep;ulator 

a.'llplifiers. Reserve power <1. 5 y;atts, Exp 4 'Will go 
to standbv. 

CMD Ol 7 turns on PDR #1. 
CHD 021 turns off PDR #1. 
PDR #l is loc!:l.ted. on the CS and is exposed to the Lunar-

environment. 

14.0 Watts CMD 022 turns ,;n PDR #2. 
CMD 023 turns off PDR #2. 
PDR #2 is located on the CS and is exposeJ to the Lunar 

environ;•:1ent. 

10.0 Watts CMD 024 turns DSS HTR 3 on. 

5 Watts 

H.1 ·~:atts 

CMD 025. turns DSS HTR 3 off. 
1-lhen em, l:eaters are thermostatically controlled by ST-01 

( Closea - 10°F, :)pen 0°F). The four heaters are located 
on the CS thermal plate. 

CMD 056 turns DSS Htr 2 on. Pr0tected by F!-07 ( 500 mA). 
C!'m 057 turns DSS Htr 2 off. 

CMD 055 tctrns 0SS Htr l on. Frotecte:l ty CB-10 (500 rnA 
±l0i1). 
C~li' 056 f:.llowed by C'MD l'57 turns DSS Ht; l CJ.nd :-' c:':'. 
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~ 

Q. 
IJJ 
Vl 
..J < 
] 
0 

1-

30 

-Central station~ PSE checkout ~ LSM checkout ~ SWS I SIDE/CCGE 
20 checkout and and leveling and flip/cal checkout checkout 

thermal control 

10 

0 1 2 3 4 
Hours 

Assume 20• sun angle at zero time (lunar surface temp 100• F) 
no experiment htr power when operational. Times and 
event sequences are approximate. Events ground 
commanded. DSS htr 3 off above o• F 

Events 

5 

1 XMTR A on PSE Z level motor on/off 

6 7 

2 PS E operational LSM fl ipjcal (total of four required before site survey) 

8 

3 LSM operational SWS operational } · 
SWS dust cover removal May be delayed for soak period 

5 PDR 2 on control as 

9 

4 PDR 1 on } For thermal 

6 PDR 1 and 2 on necessary 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Side operational I 
Side dust cover removal 'May be delayed for soak period 

7 PSE uncage (no power required) 
8 PSE X level motor on/off 
9 PSE Y level motor on/off 

CCGE seal break (no power required) 
DSS htr 2 on (for reference only) 
DSS htr 1 on (for reference only) 

Figure 4-6.- Lunar day power profile. 
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SECTION 5 ALSEP 1 
* COMMAND SUBSYSTEM 

5.1 SYSTEM DESCRIPTION 

5-1.1 

5.1.2 

5.1.3 

The ALSEP Command Subsystem receives reel-time commands, decodes the commends, end supplies the 
commands to applicable users to control prescribed operations. 

The delayed command sequencer will generate fixed commands, at predetermined times, under the control 
of the central station timer, to insure that critical enabling and calibration functions ere imple-
mented in the event of failure of the uplink. 

The following units make up the ALSEP Command Subsystem: 
A. S-band Antenna 
B. Diplexer Filter 
C. Commend Receiver 
D. Commend Decoder 

S-bend Antenna 
The ALSEP antenna is a modified axial helix designed to receive and to transmit right-hand circular 
polarized signals at the Apollo S-bend frequency. 

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

TABLE 5-I.- ANTENNA OPERATING PARAMETERS 

Antenna Gain Frequency Beemwidth Polarization 

Transmit 15.2 db S-bend 27° Right-Hand 
ReceivP. 14.7 db S-band 27° Right-Hand 

------- ------

Diplexer Filter 
The diplexer is used to couple the received RF from the antenna to the command receiver, end couple 
the RF signal from the ALSEP transmitter to the &~tenna. 

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

Command Receiver 
A. The commend receiver is e narrow-band FM type, incorporating en FM discriminator for carrier 

phase modulation detection. 

TABLE 5-II.- RECEIVER CHARACTERISTICS 

1. Frequency 2119 ~rn z .:!:. • oo1% 
2. Dynamic Range -101 to -61 dbm 
3. IF Bandwidth 275 kHz @ 3 db 
4. Power 695 mW 
5. TM Parameters 

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

C. Receiver Local Oscillator Switchover Point - The receiver local oscillator level, TM measurement 
AE-14, will normally indicate 5.0 dbm. Local oscillator switchover will occur at approximately 
1.0 dbm. 
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5 .1.4 

5.1.4.1 

5.1.4.2 

TABLE 5-III.- RECEIVER POWER REQUIREMENTS 

Circuit 
Volt~e Bus Watts DCMA Protection 

+12 Vdc ::_ 1% .665 55.5 CB-01 110 to 225 mA 

-6 Vdc ::_ 1% 

Command Decoder 

.03 5.0 None 

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

The decoder consists of the following sections: 
A. Demodulator Section 
B. Redundant Digital Decoder Section 
C. Delayed Command Sequencer 
D. Timer 

ALSEP 1 

Demodulator section.- The demodulator section accepts the composite audio subcarrier from the command 
receiver. The composite audio subcarrier is the linear sum of the data and sync subcarriers, where 

the two-kc data subcarrier is modulated by a 1000 bit per second data stream and the sync signal is 
a one-kc subcarrier. 

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

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

different decoder addresses. A command can be executed by either decoder by selecting the proper 
decoder address. The decoder addresses for ALSEP 1 are the following: 
1. ALSEP 1 Decoder A 1011000 (Octal 130) 
2. ALSEP 1 Decoder B 0011000 (Octal 030) 

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

The ALSEP command structure consists of 21 bits. 
1011000 
7 Bits 
Decoder Address 

1000100 
7 Bits 
Command Complement 

MSB011~011LSB 7 B1ts 
Command 

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

Upon receipt of a command, a command verification word is inserted in Word 46 of the TM downlink. 
The command verification word consists of 10 bits. Seven bits in the downlink word are the command 
received and one bit, called the parity bit, indicates that the command and command complement did 
or did not compare. 

DA-7 
00 

MSB 
2 Bits 
Filler Bits 

DA-5 
0111011 
7 Bits 
Command Received 

5-2 

DA-6 
1 

LSB 
1 Bit 
Parity 
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5.1.4.3 

ALSEP 1 

Parity Bit 11 111
: Command and connnand complement compared, and command was executed. 

Parity Bit "O": Command and command complement did not compare, and command was not executed. 
B. Normal Decoder Operation- The redundant Decoders A and B receive the command data, timing pulses, 

and the threshold signal simultaneously. The threshold signal is used to indicate to the decoders 
that phase-lock has been achieved. 

Decoders A and B will search through the command data until one decoder receives a valid address, 

at which time the other decoder is inhibited. The decoder that received the valid address starts 
its programer at the count of 29. At a count of 36, the command complement is contained in the 
decoder shift register. At this time, a bit-by-bit comparison is made against the incoming 
command. At a programer count of 43, the command is contained in the shift register. If a com-
pare was made, the command is executed for 20 ms, until the programer count is 63. Non-comparison 
will prevent execution of the command. The command can be downlinked as a command verification 

word (CVW) only after the count of 63 through 2047. 

The seven bits of command information and the one bit that indicates compare or no compare are 
held in the shift register until a Data Demand Signal from the data processor at Word 46 time is 
inputted, at which time the 8 bits are shipped serially to the digital processor to be inserted 
into Word 46 of the PCM downlink. The end of the Data Demand Signal generates a Data End Reset 
which returns the decoders to the search mode. 

C. Command Decoder Reset Capability 
1. Power Reset - A separate power reset circuit is provided for Decoder A and B. The purpose of 

this is to assure that both decoders will start jn the search mode when power is applied to 
ALSEP. The reset circuits will also reset the decoders to the search mode in case of a 
momentary drop of approximately 3 Vdc on the 5 Vdc Bus. The power reset circuit in Decoder A 
will reset the timer inhibit circuit in the timer pulse shaping section and allow the command 
decoder to accept the 12-hour and the one-minute pulses from the timer. If a power reset 

signal is received during the decoding process of a command, the decoding process will be 

terminated at that time, and the decoders will return to the search mode. If a power reset 

is received after the decoding process is complete, the command will be executed, but a CVW 
will not be received. 

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

3. Threshold Loss Reset - Loss of phase-lock between the one-kc sync signal that is uplinked and 
the one-kc signal derived from the eight-kc VCO during the decoding proce3s of the command, 
will generate a threshold loss reset signal. The decoding process will terminate at this 
time and the decoders will return to the search mode. If the decoding process has been 
completed, the command will be executed and a command verification will be received. 

Del$Yed command sequencer.- Provisions have been incorporated to automatically generate eight commands 
to provide a backup feature in the event of an uplink failure. 

The delayed command sequencer receives 12-hour timing pulses and 1-minute timing pulses from the timer 
which advance the "hours" and "minutes" counters (see Drawing 5.1). A power reset will cause the 
counters to be reset to zero. 

Through various combinations of 11 and" gates connected to these counters, the delayed command sequencer 

will output the following commands at the times stated. The timer becomes active at PET-zero. PET-zero 
is defined as the time of RTG plug-in to the central station. 
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The following commands can be initiated by RTC's or by the delayed command sequencer. The CVW will 
be available only if the command was by RTC. 

A. One-Time Commands 
1. Set CCIG seal break (CMD 105) and 

arm PSE* uncage circuit (CMD 073) 
2. Execute CCIG seal break (CMD 110) 
3. Remove SWS dust cover (CMD 122) 

and set SIDE remove dust cover 

(CMD 107) 
4. Execute SIDE remove dust cover 

(CMD 110) 

Normal Time of Execution after PET-zero 
96 hours + 2 minutes 

96 hours + 3 minutes 
96 hours + 4 minutes 

96 hours + 5 minutes 

B. Repetitive Commands Normal Time of Execution after PET-zero 
1. Magnetometer flip calibrate (CMD 131) 
2. Restore power to lowest priority 

experiment (SIDE) (CMD 052) 

108 hours + l minute and every 12 hours thereafter. 
108 hours + 7 minutes and every 12 hours thereafter. 

Comm•.nd Octal 033 inhibits the automatic commands generated by the delayed command sequencer 
and 12-hour timer. 

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

C. Repetitive Commands (every 12 hours after PET-zero) 
1. Command receiver reset 

2. Short period calibrate PSE (same as CMD 065) 
3. lineage PSE* 

a. Arm uncage PSE (at PET-zero +12 hours) 
b. Execute uncage PSE (at PET-zero +24 hours) 

5.1.4.4 Timer.- The timer is an electro-mechanical device which produces three separate switching functions: 

repetitive 1-minute, repetitive 12-hour, and a non-repetitive 2-year closure. The l-minute and 12-hour 
switch closures are used as inputs to the delayed command sequencer. The 12-hour timer function can be 

observed on AL-7 (PSE CAL STA) and DL-8 (PSE SP DATA). The 2-year switch closure is used to permanently 
terminate ALSEP transmitter operation. A power reset (Paragraph 5.1.4.2.C.l) will not affect the 2-year 
switch closure. 

The timer mechanism is driven independently of any ALSEP power by means of a zinc-mercuric-oxide cell. 
Jumper wires in the RTG plug cause the timer to start when the RTG is connected to the central station. 
This time is defined at package elapsed time (PET) minus zero, and the time is accumulative. 

TABLE 5-IV.- CENTRAL STATION TIMER CHARACTERISTICS 

l-minute output ~200 ms 
12-hour output ~10 min 

2-year output ~30 days 
Timer starts at PET-zero. 

TABLE 5-V.- COMMAND DECODER POWER REQUIREMENTS 

Volt!JoSe Bus Watts !!!M£ ~ion 

+12 Vdc ~ 1% .325 27.1 None 
+5 Vdc ~ 1% .775 155 None 
-6 Vdc + 1% .230 38.4 None 

*Uncaging of the PSE will normally be accomplished by two successive ground commands 073. However, as a backup, 
two successive 12-hour timer pulses or one 12-hour timer pulse and the 96-hour 2-minute one-time command pulse 
will affect uncaging. Arming the uncaging circuit and then placing the PSE to standby will also affect uncaging. 
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5. 2 COMMAND FUNCTIONS 
003 ASE HBR ON DATA PROCESSOR 

Command 003 disconnects the data processor from the modulator and connects the modulator to the 
Active Seismic processor which supplies the high bit rate data (10,600 bps). The ASE HBR ON command 
takes effect at the scheduled end of the 64-word data processor frame which is in progress at the 
time the mode change command is received. The downlink data is meaningless if this command is 
executed with no ASE in the flight configuration. 

005 ASE HBR OFF DATA PROCESSOR 
Command 005 disconnects the ASE processor from the modulator and connects the modulator to the data 
processor which supplies data at 530 or 1060 bps, depending on the last bit rate mode commanded. 
The ASE HBR OFF command takes effect at the scheduled end of the 64-word data processor frame which 
is in progress at the time the mode change command is received. Central station activation or power 
reset initializes ASE HBR to OFF. 

006 NORM BIT RT SEL DATA PROCESSOR 
Command 006 causes the data processor to operate at the normal bit rate (1060 bps). This command 
takes effect at the scheduled end of the 64-word frame which is in progress at the time the mode 
change command is received. Central station activation or power reset initializes the data processor 
to NORMAL BIT RATE. Switching bit rates will cause sync loss at ground station. 

007 LOW BIT RT SEL DATA PROCESSOR 
Command 007 causes the data processor to operate at low bit rate (530 bps). This command takes effect 
at the scheduled end of the 64-word frame which is in progress at the time the mode change commann 
is received. Switching bit rates will cause sync loss at ground station. 

011 NORM BIT RT RST 

NOTE 
EXP 2 (LSM) data are mean-
ingless on LOW BIT RATE. 

DATA PROCESSOR 
Command 011 is a provision for returning the operational data processor (determined by Command 034 
or 035) to the normal bit rate from either the high or low bit rate. This command does not reset 
the analog multiplexer or frame counter. This ~omntand takes effect immediately and does not wait 

until the scheduled end of the 64-word frame. 

012 Xl-n'R A SEL 

!!21'! 
This command may result in 
sync loss at ground station, 
hence possible loss or false 
readout of command verifica-
tion word. 

POWER DISTRIBUTION UNIT 
Command 012 actuates relay K-05, in the PDU, to the position that selects Transmitter A. XMTR A 
SEL is the lunar surface initial condition. Switching transmitters will cause sync loss at ground 
station. 

013 XMTR ON POWER DISTRIBUTION UNIT 
Command 013 actuates relay K-04, in the PDU, which applies +12 Vdc and +29 Vdc to the transmitter 
selected by Command 012 or 015. This command simultaneously removes +29 Vdc from the 8.4-watt 
transmitter heater located on the thermal plate. 

014 XMTR OFF POWER DISTRIBUTION UNIT 
Command 014 actuates relay K-04, in the PDU, to the position that removes +12 Vdc and +29 Vdc from 
the transmitter selected by Command 012 or 015. This command simultaneously applies +29 Vdc to the 
8.4-watt transmitter heater. Xl-n'R OFF is the lunar surface initial condition. 

015 XMTR B SEL POWER DISTRIBUTION UNIT 
Command 015 actuates relay K-05, in the PDU, to the position that selects Transmitter B. Switching 
transmitters will cause sync loss at ground station. 

017 DISSIP Rl ON POWER DISTRIBUTION UNIT 
Command 017 actuates relay K-16, in the PDU, to the position that applies +29 Vdc to a 7-watt power 
dump resistor and is used to optimize the load on the PCU. 

5-5 



• ALSEP 1 

021 DISSIP Rl OFF POWER DISTRIBUTION UNIT 
Command 021 actuates relay K-16, in the PDU, to the position that removes +29 Vdc from the 7-watt 
power dump resistor. 

022 DISSIP R2 ON POWER DISTRIBUTION UNIT 
Command 022 actuates relay K-17, in the PDU, to the position that applies +29 Vdc to a 14-watt 
power dump resistor and is used to optimize the load on the PCU. 

023 DISSIP R2 OFF POWER DISTRIBUTION UNIT 
Command 023 actuates relay K-17, in the PDU, to the position that removes +29 Vdc from the 14-watt 
power dump resistor. 

024 DSS HTR 3 ON POWER DISTRIBUTION UNIT 
Command 024 actuates relay K-18, in the PDU, to the position that applies +29 Vdc to the thermo-
statically controlled 10-watt heater located on the central station thermal plate. This heater 
is controlled by thermostat ST-01 to ON below -l0°F and OFF above 0°F. This thermal capability 
for the central station is provided to account for unknown factors in the lunar environment. 
DSS MAN HTR 3 ON is the lunar surface initial condition. 

025 DSS HTR 3 OFF POWER DISTRIBUTION UNIT 
Command 025 actuates relay K-18, in the PDU, to the position that removes the +29 Vdc from the 
thermostatically controlled 10-watt central station heater. 

027 DUST CELLS ON POWER DISTRIBUTION UNIT 
Command 027 is a one-state command that activates the dust detector photo cell amplifiers. 

031 DUST CELLS OFF POWER DISTRIBUTION UNIT 
Command 031 is a one-state command that deactivates the dust detector photo cell amplifiers. 

032 TIMER OUTPUT ACCPT COMMAND DECODER 
Command 032 enables the 12-hour and the 1-minute timer output pulses, thus allowing automatic 
commands to be generated by the timer and the delayed command sequencer. This command cancels 
the effect of Command 033. Central station activation or power reset initializes the TIMER 
OUTPUT ACCPT. 

033 TIMER OUTPUT INHIB COMMAND DECODER 
Command 033 inhibits the 12-hour and the 1-minute timer output pulses which in turn will disable 
the following automatic commands generated in the delayed command sequencer. 

A. One-Time Commands Normal Time of Execution after PET-zero 
l. Set CCIG seal break and arm PSE 96 hours + 2 minutes 

uncage circuit 
2. Execute CCIG seal break 96 hours + 3 minutes 
3. Remove SWS dust cover and set 96 hours + 4 minutes 

SIDE remove dust cover 
4. Execute SIDE remove dust cover 96 hours + 5 minutes 

B. Repetitive Commands Normal Time of Execution after PET-zero 
l. Magnetometer flip calibrate 108 hours + 1 minute and every 12 hours 

thereafter. 

2. Restore power to lowest priority 108 hours + 7 minutes and every 12 hours 
experiment (SIDE) thereafter. 
This command will also disable the following automatic commands generated by the timer: 

C. Repetitive Commands (every 12 hours after PET-zero) 
1. Command receiver reset 
2. Short period calibrate PSE 
3. Uncage PSE 

a. Arm uncage PSE (at PET-zero +12 hours) 
b. Execute uncage PSE (at PET-zero +24 hours) 
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!iQ:!l. 
SINCE THIS COMMAND INHIBITS 
THE RECEIVER RESET, IT IS 
CONSIDERED HIGHLY CRITICAL. 

This command will input level 
changes to the hours and min-
utes counters of the delayed 
command sequencer and advance 
the counters by 12 hours and 
1 minute. This m~ change the 
execution times of the auto-
matic commands from the delayed 
command sequencer and the timer. 

This command does not inhibit 
or affect the two-year trans-
mitter turn-off command gener-
ated by the timer. 

034 DSS/PROC X SEL POWER DISTRIBUTION UNIT 

ALSEP 1 

Command 034 actuates relays K02 and K-03, in the PDU, that apply operational voltages (+15 Vdc, 
+5 Vdc, -12 Vdc) to the "X" data processor. It simultaneously removes the above voltages from 
the "Y" processor. The "X" data processor, upon activation, is initialized to the normal bit 
rate. DSS/PROC X SEL is the lunar surface initial condition. 

!iQ:!l. 
This command may result in 
sync loss at ground station, 
hence possible loss or false 
readout of command verifica-
tion word. 

035 DSS/PROC Y SEL POWER DISTRIBUTION UNIT 
Command 035 actuates relays K-02 and K-03, in the PDU, that apply operational voltages (+15 Vdc, 
+5 Vdc, -12 Vdc) to "Y" data processor. It simultaneously removes the above voltages from the 
"X" processor. The "Y" data processor, upon activation, is initialized to the normal bit rate. 

036 EXP 1 OPER SEL (PSE) 

!iQ:!l. 
This command may result in 
sync loss at ground station, 
hence possible loss or false 
readout of command verifica-
tion word. 

POWER DISTRIBUTION UNIT 
Command 036 actuates relay K-06, in the PDU, applying +29 Vdc to the PSE instrument and the 
heater circuitry in the deployed PSE sensor assembly. It simultaneously removes +29 Vdc from 
the standby heater in the PSE electronics package in the central station. 

037 EXP 1 STBY SEL (PSE) POWER DISTRIBUTION UNIT 
Command 037 actuates relays K-06 and K-07, in the PDU, applying +29 Vdc to the standby heater 
in the PSE electronics package and to the heater in the deployed PSE sensor assembly. It 
simultaneously deactivates the PSE by removing +29 Vdc from the instrument. EXP 1 STBY SEL 
(PSE) is the lunar surface initial condition. 

041 EXP 1 STBY OFF (PSE) POWER DISTRIBUTION UNIT' 
Command 041 actuates relay K-07, in the PDU, to the position that removes +29 Vdc from both 
PSE heater circuits. If the PSE operating power is on, transmission' of this command will have 
no effect. 

042 EXP 2 OPER SEL (LSM) POWER DISTRIBUTION UNIT 
Command 042 actuates relay K-08, in the PDU, applying +29 Vdc to activate the LSM. 

043 EXP 2 STBY BEL (LSM) POWER DISTRIBUTION UNIT 
Command 043 actuates relays K-08 and K-09, in the PDU, to the position that deactivates the LSM 
instrument but does ~ apply standby power. EXP 2 STBY SEL (LSM) is the lunar surface initial 
condition. 

5-7 



* ALSEP 1 

044 EXP 2 STBY OFF (LSM) POWER DISTRIBUTION UNIT 
Command 044 actuates relay K-09, in the PDU, to the position that removes +29 Vdc from the resistive 
summing network to TM parameter AB-4. The LSM uses no standby power. If the LSM operating power 
is on, transmission of this command will have no effect. 

045 EXP 3 OPER SEL (SWS) POWER DISTRIBUTION UNIT 
Command 045 actuates relay K-10, in the PDU, applying +29 Vdc to activate the SWS instrument. This 
command simultaneously deactivates the SWS standby heater. 

046 EXP 3 STBY SEL (SWS) POWER DISTRIBUTION UNIT 
Command 046 actuates relays K-10 and K-11, in the PDU, applying +29 Vdc to the SWS standby heater. 
This command simultaneously deactivates the SWS instrument. EXP 3 STBY SEL (SWS) is the lunar 
surface initial condition. 

050 EXP 3 STBY OFF (SWS) POWER DISTRIBUTION UNIT 
Command 050 actuates relay K-11, in the PDU, to the position that removes +29 Vdc from the SWS 
standby heater. If the SWS operating power is on, transmission of this command will have no 
effect. 

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

053 EXP 4 8TBY SEL (SIDE) POWER DISTRIBUTION UNIT 
Command 053 actuates relays K-12 and K-13, in the PDU, applying +29 Vdc to the SIDE heater. It 
simultaneously deactivates the SIDE by removing +29 Vdc from the instrument. EXP 4 STBY BEL (SIDE) 
is the lunar surface initial condition. 

054 EXP 4 STBY OFF (SIDE) POWER DISTRIBUTION UNIT 
Command 054 actuates relay K-13, in the PDU, to the position that removes +29 Vdc from the SIDE 
heater. If the SIDE operating power is on, transmission of this command will have no effect. 

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

056 DSS HTR 2 BEL POWER DISTRIBUTION UNIT 
Command 056 actuates relays K-14 and K-15, in the PDU, to the position that applies +29 Vdc to 
the 5-watt DSS HTR 2 and simultaneously removes +29 Vdc from DSS HTR 1. 

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

060 PCU 1 SEL POWER CONDITIONING UNIT 
Command 060 actuates relay K-01, in the PCU, which applies +16 Vdc from the RTG to PCU 1 and 
simultaneously de-energizes PCU 2. PCU 1 is preset to be energized at initial lunar activation. 
Note that there is an automatic switchover feature to PCU 2 in the event the +12 Vdc bus varies 
more than ~l Vdc. Adding or removing electrical loads (via ground commands) on PCU 1 can pre-
vent the +12 Vdc bus from varying out of limits. 

062 PCU 2 BEL 

NOTE 
IN THE EVENT AUTCMATIC SWITCBOVER 'ro PCU 2 HAS 
OCCURRED, THIS COMMAND MUST BE FLAGGED AS HIGIILY 
CRITICAL. THE CAUSE OF THE SWITCBOVER MUST BE 
DETERMINED BEFORE THIS COMMAND IS EXECUTED. 

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

POWER CONDITIONING UNIT 
Command 062 actuates relay K-01, in the PCU, which applies +16 Vdc from the RTG to PCU 2 and 
simultaneously de-energizes PCU 1. 
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063 PSE/XY GAIN CH 

!l.Q:ffi 
AT THE TIME OF LUNAR ACTIVATION PCU 2 
IS DE-ENERGIZED, WITH NO MEANS TO DETER-
MINE ITS CONDITION. FURTHER, NOTE THAT 
THERE IS NO AUTOMATIC SWITCHOVER FROM 
PCU 2 TO PCU l. THIS SITUATION, THERE-
FORE, MAKES THIS COMMAND HIGHLY CRITICAL. 
THIS COMMAND SHOULD BE EXECUTED ONLY 
AFTER DETERMINING THAT PCU 1 IS ON THE 
VERGE OF FAILING. 

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

EXP 1 (PSE) 

ALSEP 1 

Command 063 switches different attenuator values into the LPX and LPY amplifier circuits to allow 
gain control of the long period X- andY-axes signals. Repeated transmission of the command will 
cause the attenuators to step through values of 0 db, -10 db, -20 db, and -30 db in a repeating 
sequence. In addition, this command controls the calibration current of these two axes. PSE 
activation initializes the attenuators to -30 db. 

064 PSE/Z GAIN CH EXP 1 (PSE) 
Command 064 switches different attenuator values into the LPZ amplifier circuit to allow gain 
control of the long period Z-axis signal. Repeated transmission of the command will cause the 
attenuator to step through values of 0 db, -10 db, -20 db, and -30 db in a repeating sequence. 
In addition, this command controls the calibration current of this axis. PSE activation initializes 
the attenuator to -30 db. 

065 PSE/SP CAL CH EXP 1 (PSE) 
Command 065 activates logic that will apply a current, via the SP calibration attenuator, to 
the SP calibration coil. The amount of current from the calibration attenuator is determined by 
Command 067. In addition, the SP calibration is automatically performed every 12 hours by means 
of the timer unless specifically inhibited by Command 033. This is a sequential ON/OFF command. 
PSE activation initializes SP calibration to OFF. 

066 PSE/LP CAL CH EXP 1 (PSE) 
Command 066 activates logic that applies current, via the LP calibration attenuators, to the LP 
damping coils (all three axes simultaneously). The amount of current from the calibration attenua-
tors is determined by Command 063 and Command 064, This is a sequential ON/OFF command. PSE 
activation initializes LP calibration to OFF. 

067 PSE/SP GAIN CH EXP 1 (PSE) 
Command 067 switches different attenuator values into the SPZ amplifier circuit to allow gain 
control of the SP axis signal. Repeated transmission of the command will cause the attenuator to 
step through values of 0 db, -10 db, -20 db, and -30 db in a repeating sequence. In addition, 
this command controls the calibration current of this axis. PSE activation initializes the attenuator 
to -30 db. 

070 LVL MTHX ON/OFF EXP 1 (PSE) 
Command 070 activates logic which applies power to the X-axis drive motor. This is a sequential 
ON/OFF command. PSE activation initializes X motor to OFF, Note that the X motor consumes power 
in either leveling mode (AUTOMATIC/FORCED) until commanded OFF. 

!l.Q:ffi 
Do not turn on more than one 
leveling motor at a time. 
De-energize sensor heater via 
Command 076 during time any 
level motor is on. 
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071 LVL MTRY ON/OFF EXP l (PSE) 
Command 071 activates logic which applies power to the Y-axis drive motor. This is a sequential 
ON/OFF command. PSE activation initializes Y motor to OFF. Note that the Y motor consumes power 
in either leveling mode (AUTOMATIC/FORCED) until commanded OFF. 

072 LVL MTRZ ON/OFF 

!QTI!. 
Do not turn on more than one leveling 
motor at a time. De-energize sensor 
heater via Command 076 during time 
any level motor is on. 

EXP l (PSE) 
Command 072 activates logic which applies power to the Z-axis drive motor. This is a sequential 
ON/OFF command. PSE activation initializes Z motor to OFF. Note that the Z motor consumes power 
in either leveling mode (AUTOMATIC/FORCED) 1mtil commanded OFF. 

073 UNCAGE ARM/FIRE 

NOTE 
DO NOT TURN ON Z LEVELING MOTOR 
WHILE PSE IS CAGED. Do not turn 
on more than one leveling motor 
at a time. De-energize sensor 
heater via command 076 during time 
any level motor is on. 

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

Second transmission of this command is sent to fire the actuator circuit and uncage all spring 
mass systems simultaneously. This command is an irreversible fUnction and is necessary to 
obtain PSE scientific data. 

B. The ARM and FIRE commands are also automatically generated by the timer every 12 and 24 hours, 
respectively, after PET-zero. 

C. Conditions to ARM: 
1. First transmission of Command 073. 
2. First 12-hour timer pulse. 
3. 96 hours + 2 minutes pulse from the delayed command sequencer. 

D. Conditions to FIRE (after ARM, above): 
1. Next transmission of Command 073. 
2. Next 12-hour timer pulse. 
3. If armed, placing PSE to standby (Command 037 or ODerational overload). 

074 LVL DIR POS/NEG 

NOTE 
THE UNCAGE CIRCUITRY WILL NOT 
FUNCTION BELCW 30°F. 

EXP l (PSE) 
Command 074 is a two-state command (POS/NEG) which controls the direction of the level motors for 
LPX, LPY, and LPZ axes when in the forced leveling mode (see Command 103). PSE activation initial-
izes leveling direction to POS. 

075 LVL SPEED HI/LO EXP l (PSE) 
Command 075 is a two-state command (HI/LO) which controls the speed of the leveling motors for 
LPX, LPY, and LPZ axes when in the forced leveling mode (see Command 103). PSE activation 
initializes leveling speed to LC. 

076 PSE T CTL CH EXP 1 ( PSE) 
Command 076 is a four-state command that can be sequentially stepped through the following modes 
to control the heater in the deployed PSE sensor. 
A. OFF - +29 Vdc is disconnected from the heater. 
B. FORCED - +29 Vdc applied to heater and automatic thermostat control disabled. 
c. OFF - +29 Vdc is disconnected from the heater. 
D. AUTOMATIC - +29 Vdc applied to heater and automatic thermostat control enabled. 
PSE activation initializes thermal control mode to AUTOMATIC. 
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Note that this command does not control the heater in the PSE electronics package in the central 
station. 
Note that the PSE sensor heater is not controlled by this command when the experiment is in EXP l 
STBY SEL. 

101 PSE FILT IN/OUT EXP 1 (PSE) 
Command 101 is a two-state command (IN/OUT) which effectively removes the feedback loop filters 
from the LPX, LPY, and LPZ axes. PSE activation initializes the feedback filter to OUT. 

The feedback filter has to be in the following modes for the PSE to operate properly: 
A. Leveling (all modes) - filter OUT 
B. Calibration - filter IN 
c. Normal operational mode - filter IN 

102 LVL SNSR IN/OUT EXP 1 (PSE) 
Command 102 is a two-state command (IN/OUT) which activates logic that enables the coarse level 
sensors to control the LPX and LPY axes drive motors when an off level condition exists. The 
coarse level sensors are used only in the automatic leveling mode. PSE activation initializes the 
coarse level sensor to OUT. 

103 PSE LVL MDE A/F EXP 1 (PSE) 
Command 103 is a two-state command (AUTOMATIC/FORCED) which controls the leveling mode of LPX, LPY, 
and LPZ axes. PSE activation initializes the leveling mode to AUTOMATIC • 

.!!Q:!]. 
Only one axis motor is to be on at a time. 

SIDE/CCGE COMMANDS EXP 4 (SIDE/CCGE) 
The following commands are encoded by the SIDE into two one-time commands and fifteen operational 
commands: 
104 SIDE LOAD 1 

105 SIDE LOAD 2 
106 SIDE LOAD 3 
107 SIDE LOAD 4 * 
110 SIDE EXECUTE* 
Encoding is as follows: 

FUNCTION 

One l BREAK CCIG SEAL 
Time REMOVE DUST COVER Commands 

1. GND PLANE STEP PROGRAMER ON/OFF 
2. RESET SIDE FRAME COUNTER AT 10 

3. RESET SIDE FRAME COUNTER AT 39 
4. RESET VELOCITY FILTER AT 9 
5. RESET SIDE FRAME COUNT1~ AT 79 
6. RESET SIDE FRAME COUNTER AT 79 AND VELOCITY FILTER AT 9 
7. XlO ACCUMULATION INTERVAL ON/OFF 
8. MASTER RESET 

9· VELOCITY FILTER VOLTAGE ON/OFF 
10. LECPA HIVOLTAGE ON/OFF 
11. HECPA HIVOLTAGE ON/OFF 
12. FORCE CONTINUOUS CALIBRATION (RESET TO 120) 
13. CCIG HIVOLTAGE ON/OFF 
14. CHANNELTRON HIVOLTAGE ON/OFF 
15. RESET COMMAND REGISTER 

* Refer to Note 1, Figure 11-1. 
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SIDE COMMAND REGISTER ENCODING 
104 122. 106 1Ql ill 

X X 
X X 

X X 
X X 

X X X 
X X 

X X X 
X X X 

X X X X 
X X 

X X X 
X X X 

X X X X 

X X X 

X X X X 
X X X X 

X X X X X 
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Commands to break CCIG seal and reset 
SIDE frame counter at 10 are identical. 
The first transmission of Commands 105 
and 110 causes both functions to occur 
but not thereafter. Commands to remove 
dust cover and master reset are also 
identical. The first transmission of 
Commands 107 and 110 causes both functions 
to occur but not thereafter. 

A brief description of SIDE commands follows: 

ALSEP 1 

The SIDE/CCIG commands are functionally divided into two types, on/off commands and mode commands. 
Initiation of a mode command changes the operational data format characteristics. 

Operationally executing any mode or on/off command will eliminate the existing operational mode. 
Operationally executing any of the following on/off commands 1, 7, 9, 10, 11, 13 and 14 will reset 
the SIDE frame counter (DI-1) to zero if any one of the mode commands 2, 3, 4, 5, 6 or 12 is present 
in the mode register, whereas execution of mode commands will not affect the status of any on/off 
commanded functions. 

One-time commands: 

BREAK CCIG SEAL 
Command 105 followed by 110 causes the one-time function of CCIG seal break. It simultaneously resets 
the SIDE FRAME COUNTER at 10 (described later). This command is an irreversible function and is 
necessary to obtain CCGE scientific data. This command is also generated by the delayed command 
sequencer (see Command 033). 
REMOVE DUST COVER 
Command 107 followed by 110 causes the one-time function of blowing the SIDE dust cover. It 
simultaneously resets the SIDE MASTER RESET (described later). This command is an irreversible 
function and is necessary to obtain SIDE scientific data. This command is also generated by the 
delayed command sequencer (see Command 033). REMOVE DUST COVER command may cause a heater interrupt. 
(Refer to Fig. 11-1.) 
ON/OFF Commands and Mode Commands: 
1. GROUND PLANE STEP PROGRAMER ON/OFF EXP 4 (SIDE/CCGE) 

Command 104 followed by 110 is a two-state command (ON/OFF) that controls the operation of the 
ground plane step programer. SIDE activation initializes the programer to ON. The ground plane 
voltage is then stepped t~ough 24 levels (one level/SIDE cycle). Transmission of this command 
will cause the step programer to stop. Retransmission will start step programer and does not 
reset voltage level to zero but continues to step from level where last stopped. 

2. RESET SIDE FRAME COUNTER AT 10 EXP 4 (SIDE/CCGE) 
Command 105 followed by 110 is a mode command. (Initiation of a mode command changes the opera-
tional data format characteristics.) Upon receipt of the command, the experiment resets to 
SIDE frame zero and then steps to SIDE frame 10 before resetting again to zero. The velocity 
filter and the high and low energy curved plate analyzers step through the values obtained for 
these SIDE frames in the NORMAL MODE of operation. The ground plane voltage steps through the 
normal 24 step sequence, one step per 11 frame cycle. (See Figure 11-3.) 

3. RESET SIDE FRAME COUNTER AT 39 EXP 4 (SIDE/CCGE) 
Commands 104 and 105, followed by 110, is a mode command. Upon receipt of the command, the experi-
ment operates in a similar fashion to the reset at 10 mode except that it resets at SIDE frame 39. 

4. RESET VELOCITY FILTER COUNTER AT 9 EXP 4 (SIDE/CCGE) 
Command 106 followed by 110 is a mode command. The experiment, in this mode, executes the normal 
128 SIDE frame cycle. The velocity filter voltage only executes the first 10 of its normal 20 
step program. That is, at SIDE frame 10, instead of completing the 20 steps, the velocity filter 
assumes the value of SIDE frame 20 in the normal mode. Similarly at SIDE frame 20, the filter 
adopts the normal mode value of SIDE frame 40. This operation continues for the complete 128 SIDE 
frames. The low energy curved plate analyzer, instead of maintaining its value for 20 SIDE frames, 
steps to the next value every 10 SIDE frames. This means that the six values are repeated from 
SIDE frame 60, (See Figure 11-5.) 

5-12 



• ALSEP 1 

5. RESET SIDE FRAME COUNTER AT 79 EXP 4 (SIDE/CCGE) 
Commands 104 and 106, followed by 110, is a mode command. Upon receipt of the command, the experi-
ment operates in a similar fashion to the reset at 10 mode except that it resets at SIDE frame 79. 

6, RESET SIDE FRAME COUNTER AT 79 AND VELOCITY FILTER COUNTER AT 9 EXP 4 (SIDE/CCGE) 
Commands 105 and 106, followed by 110, is a mode command. Upon receipt of the command, the experi-
ment performs the functions of command RESET VELOCITY FILTER COUNTER AT 9, but the sequence stops 
at SIDE frame 79 and repeats. 

All other functions are unchanged from the normal operational mode. 
- 7. XlO ACCUMULATION INTERVAL ON/OFF EXP 4 (SIDE/CCGE) 

Commands 104, 105, and 106, followed by 110, is a two-state command (ON/OFF). The accumulation 
time period is increased from a normal 1.2 seconds (Xl) to 12 seconds (XlO). Each SIDE frame is 
downlinked 10 times before advancing to the next SIDE frame. The XlO mode can be used with any 
counter reset mode. 

8. MASTER RESET EXP 4 (SIDE/CCGE) 
Command 107 followed by 110 is a mode command. Upon receipt of the command, the experiment will 
return to the normal operational mode. 

The master reset shall perform the following: 
a. Defeat all short cycles. 
b, Reset SIDE frame counter, velocity counter, HECPA and LECPA counters. 
c. Does not disturb any ON/OFF commands or XlO accumulation interval. 

9. VELOCITY FILTER VOLTAGE ON/OFF EXP 4 (SIDE/CCGE) 
Commands 104 and 107, followed by 110, is a two-state command (ON/OFF). Transmission of this 
command removes velocity filter voltage (i.e., filter voltage equals zero Vdc). However, the 
velocity filter programer is not inhibited, and upon retransmission of this command, the velocity 
filter assumes the appropriate voltage level of that SIDE frame in process. 

- 10. LOW ENERGY CPA HIGH VOLTAGE ON/OFF EXP 4 (SIDE/CCGE) 
Commands 105 and 107, followed by 110, is a two-state command (ON/OFF). Transmission of this 
command removes LECPA voltage (i.e., LECPA equals zero Vdc). However, the LECPA programer is not 
inhibited, and upon retransmission of this command, the LECPA assumes the appropriate voltage 
level of that SIDE frame in process. With zero voltage, no low-energy data is transmitted. 

11. HIGH-ENERGY CPA HIGH VOLTAGE ON/OFF EXP 4 (SIDE/CCGE) 
Commands 104, 105, and 107, followed by 110, is a two-state command (ON/OFF). 1Tansmission of this 
command removes HECPA voltage (i.e., HECPA equals zero Vdc). However, the HECPA programer is 
not inhibited~ and upon retransmission of this command, the HECPA assumes the appropriate voltage 

level of that SIDE frame in process. With zero voltage, no high-energy data is transmitted. 
12. FORCE CONTINUOUS CALIBRATION (RESET TO 120) EXP 4 (SIDE/CCGE) 

Commands 106 and 107, followed by 110, is a mode command. Upon receipt of the command, the experi-
ment resets to SIDE frame 120 and then steps through SIDE frame 127 before resetting again to SIDE 
frame 120. 

13. COLD CATHODE ION GAGE HIGH VOLTAGE ON/OFF EXP 4 (SIDE/CCGE) 
Commands 104, 106, and 107, followed by 110, is a two-state command (ON/OFF). Transmission of this 
command turns off high voltage to the CCIG sensor, thereby disabling all CCGE scientific data. 

14. CHANNELTRON HIGH VOLTAGE ON/OFF EXP 4 (SIDE/CCGE) 
Commands 105, 106, and 107, followed by 110, is a two-state command (ON/OFF). Transmission of this 
command removes high voltage from the channeltron multipliers, thus disabling SIDE scientific data. 

15. RESET COMMAND REGISTER EXP 4 (SI~E/CCGE) 
Commands 104, 105, 106, and 107, followed by 110, are commands used to clear the command register 
of any command awaiting execution. 

Note SIDE power ON will cause the following: 
a. A power reset will force the instrument into the normal mode, which is the following: 
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Removes all short cycles, (1) 
(2) 

(3) 
Resets SIDE frame counter, velocity counter, HECPA and LECPA counter. 
Resets ground plane counter 

b. Resets all Command Flip-Flops. 
c. Turns on all the internal voltages of the system (turns on V/FILT, HECPA, LECPA, Channeltron HV, 

CCIG HV), 
122 SWS CVR GO EXP 3 (SWS) 

Command 122 causes the one-time function of removing the SWS dust covers. This command is an irreversi-
ble function and is necessary to obtain SWS scientific data. 

122 SWS CVR GO (Three times ~10 seconds) EXP 3 (SWS) 
Command 122, when sent three times within 10 seconds, places the high voltage amplifiers in the high 
gain mode. SWS activation presets the amplifiers to be law gain mode. The law gain mode of operation 
causes the 21 voltage steps applied to the Faraday cup sensors during proton and electron measurements 
to be scaled such that the highest level will be 6 kilovolts. The high gain mode increases the gain of 
the amplifiers by a factor of 1.68, with the highest level going to 10 kilovolts. STBY SEL command 
(046) followed by an OPER SEL command (045) p'resets the amplifiers to the law gain mode. 

123 LSM RANGE STEPS EXP 2 (LSM) 
Command 123 is a three-state command that determines the range of the X-, Y-, and Z-axis sensors of the 
LSM. LSM activation initializes the range to ~400 gamma, Repeated application of this command sequences 
the rSJ:l!le through ~100, ~200, ~400 gamma. The selected range is common to all three sensors. 

124 LSM FLD 0/S CH EXP 2 (LSM) 
Command 124 is a seven-state command that controls field offset of the X-, Y-, and Z-axes. LSM activa-
tion initializes the offset to zero percent. Repeated application of this command sequences the offset 
through +25, +50, +75, -75, -50, -25, and zero percent of the range selected by Command 123. Example: 
With Command 123 set to ~100 gamma and Command 124 set to +25 percent, the effective range of the 
addressed sensor would be +125 to -75 gamma (sensor heads in 0° or 90° position), 

125 LSM 0/S ADD CH EXP 2 (LSM) 
Command 125 is a four-state command used to address the X-, Y-, and Z-axes for offsetting. LSM activa-
tion initializes the offset address to neutral, Neutral is defined as no axis addressed, Repeated 
application of this command sequences the offset address from X toY to Z to neutral. Example: With 
this command set to the X-axis, Command 124 controls the offset of the X-axis only, with Y- and Z-axes 
unaffected. 

127 FLIP/CAL INHIB EXP 2 (LSM) 
Command 127 is a two-state command (IN/OUT) used to inhibit the flip/calibrate sequence of the LSM, LSM 
activation initializes the logic to inhibit IN. 

131 FLIP /CAL GO 

!!9!ll. 
SINCE THIS COMMAND WILL INHIBIT 
THE FLIP /CAL COMMAND FROM THE 
AUTOMATIC DELAYED COMMAND SEQUENCER 
(SEE COMMAND 033), AND GROUND COM-
MAND 131, THIS COMMAND MUST BE CON-
SIDERED CRITICAL BECAUSE OF A POSSI-
BILITY OF UPLINK FAILURE. 

EXP 2 (LSM) 
Command 131 is a one-state command that initiates the flip/calibration cycle. Execution of this command 
activates the flip/cal sequencer, and upon completion of the sequence,. the LSM is returned to the normal 
operating mode and places the sequencer in OFF. 

!!9!ll. 
THERE MUST BE EXACTLY FOUR FLIP/ 
CALIBRATE CYCLES BEFORE PERFORMING 
A SITE SURVEY, In addition to 
ground command 131, the flip/ 
calibrate delayed command sequencer 
(see Command 033) will generate 
flip/cal commands. 
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132 LSM FIW' IN/OUT EXP 2 (LSM) 
Command 132 is a two-state command (IN/OUT). LSM activation initializes the filter to IN. Application 
of the command lo OUT will cause a major portion of the digital filter to be bypassed. 

1.33 SITE SURVEY XYZ EXP 2 (LSM) 
Co:mmand 133 is a cue-state command that activates the site survey sequence generator. The first appli-

cation of this command will initiate the sequence to survey the X-axis. Upon completion of the X-axis 
survey, the LGM instrument will return to the normal scientific mode. The second and third application 

of this command will initiate the sequence generator to survey the Y- and Z-a.xes, respectively, 

r~turning the LSM to the normal mode of operation upon completion of the respective axis survey. 

134 LSM T CTL XYO 

NOTE 
THE SITE SURVEY MUST BE PERFORMED ONLY 
AFTER FOUR FLIP /CALIBRATE CYCLES HAVE 
BEEN COMPLETED. 

EXF 2 (LSM) 
Command 134 is a three-state command (X, Y, OFF) which is used to select the X- or Y-axis sensor heater 
thermostat or to deactivate all LSM heater power. LSM activation initializes the temperature control to 
the X-axis thennostat. Repeated application of this command sequences the temperature control through 

Y-axis thermos~at, OFF, and X-axis thermostat. The selected axis thermostat (X or Y) controls heater 
power to all LGM heaters. In the OFF position all LSM heater power is removed. Note that there is no 
thermostat in the Z-axis sensor. 
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* ALSEP 1 

SECTION 6 

TELEMETRY SUBSYSTEM 

6.1 SYSTEM DESCRIPTION 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

The Telemetry Subsystem consists of central station sensors, experiment sensors, one analog multi-
plexer, two A/D converters, two digital data processors, twoS-band transmitters, one diplexer switch, 
one diplexer filter, and a common S-band transmit/receive helix antenna. 

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

Scientific measurements from the experiment sensors and experiment status, calibration, and temperature 
data are converted within each experiment to digital data and applied to the X and Y digital data 
processors at the proper demand time in serial form. 

Analog Multiplexer 
Analog engineering (housekeeping) data is applied to the 90-channel analog multiplexer. Multiplexer 
Channels 1 through 15 are redundant. Selection of the redundant channels can be accomplished by 
ground command, selecting either X or Y data processor (Commands 034 or 035). Channels 16 through 
90 are normal channels. The multiplexer is divided into seven groups of 15 column gates each, and 

the group outputs are further gated through a tier of seven row gates. The channel advance pulse 
generated in the digital data processor (occurs at the time of the sixty-fourth main frame word) is 
applied to the analog multiplexer gate sequencers to advance the multiplexer to the next channel 

after each A/D conversion. The gate sequencers generate a ninetieth-channel output pulse that is 

used to reset th~ frame counter located in the digital data processor. The output of the analog 

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

A/D Converters 
The A/D converters encode the a~alog signal from the multiplexer into an 8-bit digital word when 
an encode pulse from the digital data processor occurs (o~ce every digital data processor main 

frame). The 8-bit digital word is inputted parallel to the digital data processor at Word 33 
time of the ALSEP main frame. Selection of A/D converters is accomplished by commands 034 or 035. 

Digital Data Processor 

Redundant digital data processors (X and Y) are provided. The redundant processors are selectable 

by Ground Command 034 or 035. The processor that is selected receives data in a parallel form 
from the A/D converter and in a serial form from the command decoder and experiments. The data is 

formatted into a serial NRZC format and then encoded into a split-phase signal and applied to the 
transmitter. 

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

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

The first three words of the ALSEP main frame are used for the sync code. The bit assignment for 

the sync word is shown in Figure 6-2. Bits 23 through 29 are provided for channel identification 
for l through 90 channels for correlation of the analog multiplexer data. These bits are derived 
from a ripple-through counter which is advanced one step whenever Word l of the ALSEP main frame 
occurs and is reset by a ninetieth-frame signal generated by the analog multiplexer. When power 
is applied to the data processor, these seven bits will be a random count between 0 and 127 and 
cannot be used to determine the position of the multiplexer until it receives the ninetieth-frame 
reset signal from the analog multiplexer. 

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

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

The data processor will generate and provide all necessary timing signals to the experiments, commafid 
decoder, A/D converter, and the 90-channel analog multiplexer (see Table 6-III). 

6-l 
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6.1. 5 

6.1.6 

ALSEP l 

Transmitter 

There are twoS-band transmitters (A and B) in ALSEP l, selectable by ground commands. The active 
transmitter accepts split-phase telemetry data from the data processor, and PM modulates the 
carrier which is applied to the helix antenna at a one-watt level on a downlink frequency of 2278.5 MHz. 
Ground Commands are also used to turn the selected transmitter on or off. If the transmitter is 
commanded OFF, an B,4-watt heater is simultaneously activated to provide electrical and thermal 

balance. Overload protection is provided for both transmitters. Circuit breakers associated with 
the overloaded transmitter will switch operating voltages (+29 Vdc, +12 Vdc) to the other transmitter. 

Diplexer Switch 
The diplexer switch is utilized to couple the selected transmitter (A or B) output through the 
diplexer filter to the antenna. The direction of the diplexer switch (thus the selection of 
transmitter A orB output) is controlled by activating a ferrite device, within the circulator, by 

a magnetic field from a coil which is energized by +12 Vdc. The +12 Vdc is applied when transmitter B 
is ON. 
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TABLE 6-I.- ANALOG MULTIPLEXER A/D CONVERTER CHARACTERISTICS 

Analog Multiplexer (Subcommutated) 
Input (From Sensors Or Signal. Conditioners) 
Channels/Frwne 

0 to +5 Vdc 
90 Max 

54.34 
108.68 

ALSEP l 

Seconds/Frame (Normal Bit Rate) 
Seconds/Frwne (Low Bit Rate) 
Redundancy Channels 1 through 15 

Input (From Analog Mux) 
Conversion 
Data to D/P 
Time Slot In Main Frame 
Redundancy 

A/D Converters 
0 to +5 Vdc 
8 Bits 
Parallel 
Word 33 
X or Y Converter 

Either of the two redundant A/D converters are selectable 
by Ground Command 034 (DSS/PROC X SEL) or 035 (DSS/PROC Y SEL). 

TABLE 6-II.- DIGITAL DATA PROCESSOR CHARACTERISTICS 

Low Bit Rate Normal Bit Rate 
Data Rate (BPS) 530 1060 
Bits/Word 10 10 
Words/Frame 64 64 
Frame/Second 53/64 1-21/32 
Seconds/Frame 1.2075 0.6038 
Bits/Sync Word 22 22 
Redundancy X or Y Processors 

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

MUX/A/D converter. Word 46 contains the command verification 
word. The two MSB's of Words 33 and 46 are filler bits in-
serted by the digital data processor. All main frame words 
are downlinked MSB first . 
DA-4 (Bit 10 of Word 3) contains the Data Processor 
Serial Number. 
Frame 3 
Frame 4 
Frame 5 

0 MSB 
l 

0 
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l 2 3 

X X 

9 10 ll 

- X 
7 18 19 

0 X 
5 26 27 

- X 
133 34 35 

H X 
141 142 !43 

- X 
149 50 

0 X 
157 5tl 

- X 

WORD TOTALS 
3 

29 
12 

51 

59 

4 

X 

12 

-
20 

0 
28 

-
36 

• 
144 

-
52 

0 
160 

-

5 6 7 8 

X 0 X s X 
3 14 15 lb 

X - X I X 
e1 22 23 24 

X 0 X s X 
29 30 31 32 

X - X I X 
37 38 39 140 

X • X p X 
45 146 147 14tl 

X - cv I X 
53 54 55 56 

X 0 X s I 
161 162 63 64 

X - X I X 

LEGEND 
X = Sync 
X = Passive Seismic - Short Period 

Passive Seismic - Long Period 

ALSEP l 

2 • = Passive Seismic - Long Period Tidal 

7 
4 
5 
l 

1 

and one Temperature 

o = Magnetometer 

S = Solar Wind 
I = Suprathermal Ion Detector 
CV = Command Verification 
H = Housekeeping 

Each box contains one 10-bit word 
Total bits per frame = 10 x 64 = 640 bits 
Data rate = 1060 bits/second or 530 bits/second 

Figure 6-1.- ALSEP 1 main frame format. 

6-4 



* ALSEP 1 

CONTROL GROUP FORMAT 

ALSEP ALSEP ALSEP 
I WORD #l WORD #2 WORD #3--------

Bit 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1 0 0 1 0 0 0 0 1 1 l 0 l 11 l 1 0 0 0 

!-Barker Code I Complement of Barker 

1 ~1 Fl F2 F3 F4 F5 ~6 F7 M 

Code Frlll!le Counter Mode 
(1, 2 ••.• 89, 0) Bit 

SY!Ilbol 
DA-1 

DA-2 

DA-3 

DA-4 

DA-5 

DA-6 

DA-7 

~ 
Barker Code and 
Complement 

Frllllle Count 

Bit Rate ID 

ALSEP ID 

Received Command 
Message 

Command MAP 

Filler Bits 

Bits/ Slll!lples/ 
ALSEP Words Range Sample ~ 

1, 2, and Bits l NA 22 1.67 
and 2 of Word 3 

Bits 3 to 9 in- 0-127 (Frame count 7 1.67 
elusive of reads all zero's 
Word 3 on channel 90) 

Bit 10 of l 1.67 
Word 3 

~ ~ Meaning 
1 l Normal data rate 
2 1 Low data rate 

Bit 10, LSB, of 3 l/54 
Word 3 

Frame ~ 
3 0 (MSB) } Data processor 
4 1 Serial number 
5 0 ALSEP l 

Bits 3 to 9 in- l to 127 ~ * 
elusive of 
Word 46 

Bit 10, LSB, of "O" no parity l * 
Word 46 "1" parity 

May be used to determine bit error rate during off line processing. 

Bits l and 2 of Word 46. 

*One word sample is sent for eacb command received; other samples are all zeros. 

Figure 6-2.- Control and command verification word format. 
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TABLE 6-III.- TIMING FROM DIGITAL PROCESSOR 

SIGNAL TO 

Signals From CMD A/D 
Data Processor Decoder PSE SIDE LSM sws Converter 

Shift Pulse X X X X X 

Data Gate X X 

Even Frame Marl X X 

Frame Mark X 

Data Demand X X X X X 

A/D Encode X 

Advance Pulse 
-- --------

TABLE 6-IV.- TIMING AND CONTROL PULSE CHARACTERISTICS 

Pulse Type 

Frame Mark 

Even Frame 
Mark 

90th Frame 
Mark 

Data Gate 
(Word Mark) 

Data Demand 

Shift Pulst> I 

Command 

Duration* 
(~sec) 

118 

118 

118 

118 

9434 

47 

20,000 

Repetition Rate 

Once Per ALSEP Frame 

Once Every Other Frame 

Once Every 90th Frame 

64, Once Per Each Ten-
Bit Word in Frame 

Once Per Word in ALSEP 
Frame 

640 Pulses Per Frame 
1060 Pulses Per Second, 
NBR 530 Pulses Per Second, 
LBR 

Asynchronous 

*In slow ALSEP data mode, duration is twice the normal mode. 
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TABLE 6-V .- TELEMETRY SUBSYSTEM POWER REQUIREMENTS AND OVERLOAD PROTECTION 

Component Voltage Watts mAde Circuit Protection Bus 

Digital Data Processor +12 Vdc .!. 1% 0.05 4.2 None 
X or Y +5 Vdc .!. 1% 0.450 90.0 None 

Analog Multiplexer +15 Vdc .!. 1% 0.065 4.4 None 
and A/D Converter +12 Vdc .!. 1% 0.150 12.5 None 
X or Y +5 Vdc .! 1% 1.10 220.0 None 

-12 Vdc .! 1% 0.12 10.0 None 

Transmitter +29 Vdc .!. 1% 8.0 275.0 CB-03 XMTR A 560 to 840 mA 
CB-05 XMTR B 560 to 840 mA 

A or B +12 Vdc .! 1% 0.5 41.7 CB-02 XMTR A 110-225 mA 
CB-04 XMTR B 110-225 mA 

Transmitter Heater +29 Vdc .! 1% 8.4 345.0 None 

Diplexer Switch +12 Vdc + 1% 0.15 12.5 CB-04 110-225 mA 
-- --- -=-----L____ ------

TABLE 6-VI.- TRANSMITTER CHARACTERISTICS 

Frequency 
Modulation 
Stability (long-term) 
Power Output 
Power Input 
TM Parameters 

6-7 

2278.5 MHz 
PM 
,!_0.0025 percent/year 
1 watt minimum 
6.6-9.45 watts 
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* ALSEP 1 

TABLE 6-VII.- REDUNDANT ANALOG CHANNELS 

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

~ Symbol Location/Name 
1 AE-3 Converter Input Voltage 
2 AE-1 0.25 Vdc Calibration 

3 AE-2 4.75 Vdc Calibration 
4 AT-3 Thermal Plate Temp 1 

5 AE-4 Converter Input Current 
6 AR-1 RTG Hot Frame 1 Temp 

7 AR-4 RTG Cold Frame 1 Temp 
8 AE-5 Shunt Regulator 1 Current 

9 AB-1 Command Demodulator 1 kHz Present 
10 Not Assigned 
11 Not Assigned 
12 AB-4 Power Distribution Exper 1 and 2 Standby 
13 AE-6 Shunt Regulator 2 Current 
14 AB-5 Power Distribution Exper 3, 4, and DSS Htr 2 

15 AT-10 Primary Structure Bottom Temp l 
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Channel 
~ 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Symbol 
AE-3 
AE-l 
AE-2 
AT-3 
AE-4 
AR-l 
AR-4 
AE-5 
AB-l 
BLANK 
BLANK 
AB-4 
AE-6 
AB-5 
AT-10 
AT-2l 
AT-22 
AT-23 
AT-24 
AE-7 
AE-13 
AE-18 
AL-l 
AL-5 
BLANK 
AX-5 
AT-l 
AT-4 
BLANK 
AX-2 
AT-25 
AT-26 
AT-27 
AT-28 
AE-8 
AE-14 
BLANK 
AL-2 
AL-6 
BLANK 
AX-6 
AT-2 
AT-5 
BLANK 
BLANK 

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

Location/Name 

Converter Input Voltage 
0.25 Vdc Calibration 
4.75 Vdc Calibration 
Thermal Plate Temp l 
Converter Input Current 
RTG Hot Frame 1 Temp 
RTG Cold Frame l Temp 
Shunt Regulator l. Current 
Command Demodulator 1 kHz Present 

Power Distribution Exper l and 2 Standby 
Shunt Regulator 2 Current 
Power Distribution Exper 3, 4, and DSS Htr 2 
Primary Structure Bottom Temp 1 
Local Oscillator Crystal A Temp 
Local Oscillator Crystal B Temp 
Transmitter A Crystal Temp 
Transmitter A Heat Sink Temp 
PCU Output Voltage l ( 29 V) 
Receiver Prelimiting Level 
Transmitter B Power Doubler de Current 
LP Amplifier Gain (X and Y) 
Leveling Mode and Coarse Sensor Mode 

Dust Cell 2 Output 
Sunshield Temp 1 
Thermal Plate Temp 2 

Dust Cell 2 Temp 
Transmitter B Crystal Temp 
Transmitter B Heat Sink Temp 
Analog DP, Base Temp 
Analog DP, Internal Temp 
PCU Output Voltage 2 (15 V) 
Receiver Local Oscillator Level 

LP Amplifier Gain (Z) 
Thermal Control Status 

Dust Cell 3 Output 
Sunshield Temp 2 
Thermal Plate Temp 3 

Channel 
Number 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
8o 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

Symbol 
AT-29 
AT-30 
AT-31 
AT-32 
AE-9 
AE-15 
AR-3 
AL-3 
AL-7 
BLANK 
AX-3 
BLANK 
AT-6 
AT-8 
AT-12 
AT-33 
AT-34 
AT-35 
AT-36 
AE-10 
AE-16 
AR-5 
AL-4 
AL-8 
AI-l 
AT-7 
AT-13 
BLANK 
BLANK 
BLANK 
AT-37 
AT-38 
AT-39 
AE-11 
AE-12 
AE-17 
BLANK 
AX-1 
AX-4 
AI-2 
BLANK 
AT-9 
AT-11 
BLANK 
BLANK 

Location/Name 
Digital D/P, Base Temp 
Digital D/P, Internal Temp 
Command Decoder Base Temp 
Command Decoder Internal Temp 
PCU Output Voltage 3 (12 V) 
Transmitter A, AGC Voltage 
RTG Hot Frame 3 Temp 
Level Direction and Speed 
Calibration and Status LP and SP 

Dust Cell 3 Temp 

Thermal Plate Temp 4 
Primary Structure Wall Temp l (Left) 
Insulation Inner Temp 
Command Demodulator, VCO Temp 
Power Distribution, Base Temp 
Power Distribution, Internal Temp 
PCU, Power Oscillator l Temp 
PCU Output Voltage 4 (5 V) 
Transmitter B, AGC Voltage 
RTG Cold Frame 2 Temp 
SP Amplifier Gain (Z} 
Uncage Status 
LE Count Rate 
Thermal Plate Temp 5 
Insulation Outer Temp 

PCU, Power Oscillator 2 Temp 
PCU, Regulator l Temp 
PCU, Regulator 2 Temp 
PCU Output Voltage 5 (-12 V) 
PCU Output Voltage 6 (-6 V) 
Transmitter A Power Doubler de Current 

Dust Cell l Temp 
Dust Cell l Output 
HE Count Rate 

Primary Structure Wall Temp 2 (Right) 
Primary Structure Wall Temp 3 (Back) 
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TABLE 6-IX.- EXPERIMENT OFF DOWNLINK STATUS 

The observed conditions with Experiment operating power OFF and Experiment 
standby power either OFF or ON, are as follows: 

PSE All "l"s in the digital data words 

LSM All "l"s in the digital data words 

SIDE All "O"s in the digital data words 

SWS All "l"s in the digital data words 

Central Station Housekeeping 

PSE Channels (AL-l- AL-6), either 000 or 001 

SIDE Channels (AI-l and AI-2), either 000 or 001 

With the experiments disconnected from the central station, all "l"s are 
present in the digital data words. Open circuit channels to the analog 
multiplexer can read anywhere between 000 and 255. 
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* ALSEP 1 

TABLE 6-X.- ALSEP 1 ANALOG CHANNEL USAGE 

Nominal 
Operating Nom Redline 

Limits Oper Limits 
Symbol Location/Name Low High Value Low Hi~<h 

StructuraliThermal TemEeratures (Fahrenheit) 
AT-1 Sunshield Temp l -240° 95° -80° -300° +300° 
AT-2 Sunshield Temp 2 -240° 95° -80° -300° +300° 
AT-3 Thermal Plate Temp 1 ao 140° 83° -25° +150° 
AT-4 Thermal Plate Temp 2 oo 125° 83° -25° +150° 
AT-5 Thermal Plate Temp 3 oo 125° 83° -25° +150° 
AT-6 Thermal Plate Temp 4 ao 125° 83° -25° +150° 
AT-7 Thermal Plate Temp 5 ao 125° 83° -25° +150° 
AT-8 Primary Structure Wall Temp 1 (Left) -210° 236° ao -300° +300° 
AT-9 Primary Structure Wall Temp 2 (Right) -210° 236° ,oo -300° +300° 
AT-10 Primary Structure Bottom Temp 1 -210° 258° 60 -300° +300° 
AT-11 Primary Structure Wall Temp 3 (Back) -50° 250° 28° -300° +300° 
AT-12 Insulation Inner Temp -20° 157° 64° -25° +167° 
AT-13 Insulation Outer Temp -135° 210° 26° -300° +300° 

Electronic TemEeratures (Fahrenheit) 
AT-21 Local Oscillator Crystal A Temp -10° 165° 144° -15° +170° 
AT-22 Local Oscillator Crystal B Temp oo 125° 750 -15° +170° 
AT-23 Transmitter A Crystal Temp -10° +146° 75° -15° +165° 
AT-24 Transmitter A Heat Sink Temp -10° +146° 75° -15° +165° 
AT-25 Transmitter B Crystal Temp -10° +146° 75° -15° +165° 
AT-26 Transmitter B Heat Sink Temp -10° +146° 75° -15° +165° 
AT-27 Analog D/P, Base Temp ao 125° 83° -25° +150° 
AT-28 Analog D/P, Internal Temp ao 125° 90° -15° +163° 
AT-29 Digital D/P, Base Temp ao 125° 83° -25° +150° 
AT-30 Digital D/P, Internal Temp ao 125° 87° -20° +158° 
AT-31 Command Decoder, Base Temp ao 125° 83° -25° +150° 
AT-32 Command Decoder, Internal Temp ao 125° 86° -20° +155° 
AT-33 Command Demodulator, VCO Temp oo 125° 86° -20° +155° 
AT-34 Power Distribution Unit, Base Temp ao 140° 83° -25° +150° 
AT-35 Power Distribution Unit, Internal Temp 10° 150° 100° -10° +180° 
AT-36 pr,u, Power Oscillator 1 Temp ao 150° 94° -20° +172° 
AT-37 PCU, Power Oscillator 2 Temp -10° 165° 94° -20° +172° 
AT-38 PCU, Regulator 1 Temp 50° 195° 103° -20° +210° 
AT-39 PCU, Regulator 2 Temp -10° 195° 103° -20° +210° 

Central Station Electrical 
AE-1 0.25 Vdc Calibration .24V .26V .25V .22V .28V 
AE-2 4.75 Vdc Calibration 4.72V 4.78V 4. 75V 4.70V 4.8ov 
AE-3 Converter Input Voltage 15.4V 16.9V 16.2V 15.0V 17 .5V 
AE-4 Converter Input Current 3.9A 4.5A 4.2A 3.8A 4.6A 
AE-5 Shunt Regulator 1 Current o.4A 2.7A l.lA 0.05A 3.18A 
AE-6 Shunt Regulator 2 Current o.4A 2.7A l.lA O.lA 3.18A 
AE-7 PCU Output Voltage 1 (29 V) 28.8v 29.2V 29.0V 28.59V 29.40V 
AE-8 PCU Output Voltage 2 (15 V) 14.9V 15.36V 15.0V 14.8v 15.4V 
AE-9 PCU Output Voltage 3 (12 V) f 11.9V 12.05V 12.0V ll.85V 12.10V 
AE-10 PCU Output Voltage 4 (5 V) 4.9V 5.15V 5.0V 4.85V 5.25V 
AE-11 PCU Output Voltag~ 5 (-12 V)** -12.35V -11.9V -12.0V -12.4V -ll.BV 
AE-12 PCU Output Voltage 6 (-6 V)** -6.1V -5.9V -6.ov -6.15V -5.85V 
AE-13 Receiver, Prelimiting Level -92dbm -84dbm -88dbm -lOldbm -6ldbm 
AE-14 Receiver, Local Os~illator Level 2.6dbm 7. 5dbm 6.ldbm 1.8dbm 7.6dbm 
AE-15 Transmitter A, AGC Voltage 1.47V 1.89V l.lOV 0.323V 5.00V 

@-l0°F @+l46°F @75°F 
AE-16 Transmitter B, AGC Voltage l.5V 0.95V o.61v 0.26V 4.nv 

ll-l0°F @+146°F @75°F 
AE-17 Transmitter A Power Doubler de Current 143ma 208ma 162ma lOOma* 240ma* 

@-10°F @l46°F @75°F 
AE-18 Transmitter B Power Doubler de Current 128ma 192ma 157ma lOOma* 240ma* 

@-10°F @146°F @75°F 

*At 77. 5°F 
**AE-11 and AE-12 valves also vary with changes of PCU output voltage 1 (29V), AE-7. 
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* ALSEP 1 

TABLE 6-X.- ALSEP· 1 ANALOG CHANNEL USAGE - Concluded 

Nominal 
Operating Nom Redline 

Limits Oper Limits 
Symbol Location/Name Low High Value Low High 

RTG Temperatures (Fahrenheit) 
Hot Frame 1 Temp 1000° 1120° 1054° 980° ll36° 

I AR-l 

AR-3 Hot Frame 3 Temp* 1000° 1120° ll07° 980° 1147° 
AR-4 Cold Frame l Temp 405° 500° 478° 401° 545° 
AR-5 Cold Frame 2 Temp* 415° 500° 426° 401° 545° 

Dust Detector 

AX-1 l1ust Cell 1 Temp (Fahrenheit) 110° 275° 136° 92° 320° 
AX-2 Dust Cell 2 Temp (Fahrenheit) 110° 275° 136° 87° 320° 
AX-3 Dust Cell 3 Temp (Fahrenheit) 110° 275° 136° 90° 320° 
AX-4 Dust Cell 1 Output 3mV 80mV 52mV lmV 163mV 
AX-5 Dust Cell 2 Output 3mV 80mV 52mV 1mV 163mV 
AX-6 Dust Cell 3 Output 3mV 80mV 52mV lmV 163mV 

Operating 
i Svmbol Location/Name Channel Limits 

Central Station Discretes Decimal PCM 
AB-1 Command Demodulator l kHz Present 9 No modulation 0 to 76, no carrier 128 to 255 

Modulation 77 to 127 
AB-4 Power Distribution Experiment 1 and 2 12 Exper 1 Exper 2 

Standby Standby-off Standby-off 1 + 1 
Standby-on Standby-off 72 + 10 
Standby-off Standby-on 131 + 10 
Standby-on Standby-on 192 + 12 

AB-5 Power Distribution Experiment 3, 4 14 Exper 3 Exper 4 DSS HTR 2 
and DSS Heater 2 Standby-off Standby-off Off l + 1 

Standby-off Standby-off On 35 + 10 
Standby-off Standby-on Off 69 !: 10 
Standby-off Standby-on On 100 + 10 
Standby-on Standby-off Off 131 + 10 
Standby-on Standby-off On 160 + 10 
Standby-on Standby-on Off 188 + 10 
Standby-on Standby-on On 214 !: 10 

Passive Seismic 

AL-l LP Amplifier Gain (X and Y) 23 Discrete 
AL-2 LP Amplifier Gain (Z) 38 Discrete See 
AL-3 Level Direction and Speed 53 Discrete Table 
AL-4 SP Amplifier Gain (Z) 68 Discrete 6-XI 
AL-5 Leveling Mode and Coarse Sensor Mode 24 Discrete (PSE) 
AL-6 Thermal Control Status 39 Discrete Page 
AL-7 Calibration Status LP ana SP 54 Discrete 6-13 
AL-8 Uncage Status 69 Discrete 

SIDE/CCGE 
AI-l I LE Count Rate 70 0-5.0 v 
AI-2 HE Count Rate 85 0-5.0 v 

*Intermittent sensors. 
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* ALSEP l 

TABLE 6-XI.- PASSIVE SEISMIC MEASUREMENTS LIST, ALSEP 1 

Scientific Measurements 

ALSEP 
iSymbol Location/Measurement ALSEP Word Frame Sensor Range 

DL- l Long Period X Seismic 9, 25, 41, 57 Every 1 m11 to 1011 
I 

DL- ;> Long Period Y Seismic ll, 27, 43, 59 Every l m)J to 1011 

pL- 3 Long Period Z Seismic 13, 29, 45, 61 Every 1 m11 to 1011 

~L- 4 Long Period X Tidal 35 Even .01 to 10 1~ (arc) 
DL- 5 Long Period Y Tidal 37 Even .01 to 1011 (arc) 

DL- b Long Period Z Tidal 35 Odd 8 \lgal to 8 mgal 
DL- 7 Instrument Temp 37 Odd 107 - 143°F 

PL- 8 Short Period Z Seismic Every Even Every l m11 to 1011 
Word Except 
2, 46, 56 

------------ L___ 

Engineering Measurements 

8 channels of Engineering Measurements included in ALSEP Word 33 

Symbol Location/Measurement Analog Channel Sensor Range Decimal PCM 

AL- 1 LP Ampl Gain (X and Y) 23 0 db 0-0.4V 0-21 
-lOdb 0.6-1.4 31-72 
-20db 1.6-2.4 82-122 

-30db 2.6-4.0 133-204 

AL- 2 LP Ampl Gain (Z) 38 0 db 0-0.4V 0-21 

-lOdb 0.6-1.4 31-72 

-20db 1. 6-2.4 82-122 

-30db 2.6-4.0 133-204 

AL- 3 Level Direction and Speed 53 +low 0-0.4V 0-21 

-low 0.6-1.4 31-72 

+high 1.6-2.4 82-122 

-high 2.6-4.0 133-204 

AL- 4 SP Ampl Gain (Z) 68 0 db 0-0.4V 0-21 

-lOdb 0.6-1.4 31-72 
-20db 1.6-2.4 82-122 

lL- 5 
-30db 2.6-4.0 133-204 

I£veling Mode and Coarse 24 Automatic, coarse sensor out 0-0.4V 0-21 
Sensor Mode 

Forced, coarse sensor out 0.6-1.4 31-72 
Automatic, coarse sensor in 1.6-2.4 82-122 

I 
Forced, coarse sensor in 2.6-4.0 133-204 

IAL- 6 Thermal Control 39 Automatic Mode ON 0-0.4V 0-21 
Automatic Mode OFF 0.6-1.4 31-72 
Forced Mode ON 1.6-2.4 82-122 
Forced Mode OFF 2.6-4.0 133-204 

AL- 7 Calibration Status LP & S 54 All ON 0-0.4V 0-21 
LP-ON,SP-OFF 0.6-1.4 31-72 
LP - OFF, SP - ON 1.6-2.4 82-122 
All OFF 2.6-4.0 133-204 

AL-8 Uncage Status 69 Caged 0-0.4V 0-21 
Arm 0.6-1.4 31-72 

~cage 1,6-2.4 82-122 
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ALSEP 1 

TABLE 6-XII.- LUNAR SURFACE MAGNETOMETER MEASUREMENTS LIST, ALSEP 1 

Scientific Measurements 

ALSEP 
Symbol Location/Measurement Word Frame Ranp:e 
DM-25 LSM X-Axis Field 17,49 Every +100,+200,+400 gamma 
DM-26 LSM Y-Axis Field 19,51 Every !:100 ,!:200 ,:£4oo gamma 
DM-27 LSM Z-Axis Field 21,53 Every ~100,~200,~400 gamma ,_ -- -··---···-

These data are in Words 17, 19, 21, 49, 51, 53 and have the followin@ format: 

29 28 20 

*Polarity Science Data Bit 

*O = '-'lus 1, l = Minus 

Engineering Measurements 
Housekeeping is located in ALSEP Word 5 which is subcammutated over 16 frames as follows: 

Bit in Word 5 29 28 I 27 T 26 1 25 T 2* I 23 I 22 21 I 20 , 

Meaning F Al A2 A3 A4 A5 A6 A7 Bl B2 
Engineering Data Status 

Bits 
-------~ -

~llere Bl, B2 are bistable status data 
Al, ........ , A7 are bits derived from analog measurements 
F locates the subcommutation start, F = l is Frame 1 of the subcommutation and F 0 elsewhere. 

Symbol Location/Measurement ALSEP Frame Sensor Range Word 

DM-1 ""'""' ,~, f 5 1,9 -30°C to +65°C 
DM-2 Sensor Y Temp 5 2,10 -30°C to +65°C 
DA-3 Sensor Z Temp Eng. 5 3,11 -30°C to +65°C 
l'M-4 Base Temp Data 5 4,12 -30°C to +65°C 
Dl4-5 Internal Temp 5 5,13 -30°C to +65°C 
DM-6 Le\~el Sensor 1 5 6,14 -15° to +15° (arc) 
DM-7 Level Sensor 2 5 7,15 -15° to +15° (arc) 
DM-8 Supply Voltage 5 8,16 0 to +6.25Vdo 
DM-9 X Flip Position 5 1 Discrete 2 status bits 
DM-10 Y Flip Position 5 2 Discrete 2 status bits 
DM-11 Z Flip Position 5 3 Discrete 2 status bits 
DM-12 X Gimbal Position 5 4 Discrete l status bit 
DM-13 Y Gimbal Position 5 4 Discrete l status bit 
DM-14 Z Gimbal Position 5 5 Discrete l status bit 
DM-15 Thermal Control State 5 5 Discrete l status bit 
DM-16 Measurement Range 5 7 Discrete 2 status bits 
DM-17 X Offset Field 5 9,10 Discrete 3 status bits 
DM-18 Y Offset Field 5 10,11 Discrete See Table 6-XIII 3 status bits 
DM-19 Z Offset Field 5 12,13 Discrete (LSM) Page 6-15 3 status bits 
1*1-20 Scientific/Calibrate Mode 5 13 Discrete 1 status bit 
DM-21 Offset Axis Address 5 14 Discrete 2 status bits 
DM-22 Filter ON/OFF Status 5 15 Discrete l status bit 
DM-23 Flip/Cal Inhibit Status 5 15 Discrete l status bit 
DM-24 Filler Bits 5 16 Discrete 2 status bits 
DM-28 Heater ON/OFF 5 6 Discrete 1 status bit 
DM-29 Filler Bits 5 6,8 Discrete 3 status bits 
DM-30 Frame Number 5 (Derived from 

F in Frame 1) 
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Frame 
Mark Bit 

l 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 

ALSEP 1 

TABLE 6-XIII.- LUNAR SURFACE MAGNETCMETER 16 POINT ENGINEERING SUBCOMMUTATION FOru~T MID 
ENGINEERING STATUS BIT STRUCTURE LOCATED IN ALSEP 1 MAIN FRAME, WOnD 5 

Engineering Status Subcommutation 
Bi B2 Status Parameter Parameter Frame 

Sensor X Temp X-axis Flip Position 1 0 0 Not at 0°, 90°, or 180° position 
X-axis Flip Position 1 0 1 0° position 
X-axis Flip Position 1 l 0 90° position 
X-axis Flip Position 1 1 1 180° position 

Sensor Y Temp Y-axis Flip Position 2 0 0 Not at 0 , 90 , or 180° position 
Y-axis Flip Position 2 0 ] 0° position 
Y-axis Flip Position 2 1 0 90° position 
Y-axis Flip Position 2 1 1 180° position 

Sensor Z Temp Z-axis Flip Position 3 0 0 Not at 0°, 90", or 180° position 
Z-axis Flip Position 3 0 1 0° position 
Z-axis Flip Position 3 1 0 90° position 
Z-axis Flip Position 3 1 1 180° position 

Base Temp X-axis Gimbal Position t 1 Pre Site Survey Position 
X-axis Gimbal Position 0 Post Site Survey Position 
Y-axis Gimbal Position 4 1 Pre Site Survey Position 
Y-axis Gimbal Position 4 0 Post Site Survey Position 

Internal Temp Z-axis Gimbal Position 5 l Pre Site Survey Position 
Z-axis Gimbal Position 5 0 Post Site Survey Position 
Temp Control State 5 1 X-axis Control 
Temp Control State 5 0 Y-axis Control~FF 

Level Sensor 1 Heater Power Status ~ 1 1 Heater ON 
Heater Power Status 1 0 Heater OFF 

Level Sensor 2 Measurement Range I 0 0 100 y Range 
Measurement Range I 1 0 200 y Range 
Measurement Range I 1 1 400 y Range 
Measurement Range I 0 1 Error 

Supply Voltap:e 1 Filler Bits 8 1 1 Not used 
Sensor X Temp X-axis Field Offset 9 0 1 }-----'{ 0% offset 
Sensor Y Temp X-axis Field Offset 10 1 O% offset 

X-axis Field Offset 9 l 0 }----{ -25% offset 
X-axis Field Offset 10 0 -25% offset 
X-axis Field Offset 9 l 0 }----{-50% offset 
X-axis Field Offset 10 l -50% offset 
X-axis Field Offset 9 1 l }---{ -15% offset 
X-axis Field Offset 10 0 -15% offset 
X-axis Field Offset 9 0 0 }---{ +15% offset 
X-axis Field Offset 10 0 +15% offset 
X-axis Field Offset 9 0 0 }----{+50% offset 
X-axis Field Offset 10 1 +50% offset 
X-axis Field Offset 9 0 1 }-----{+25% offset 
X-axis Field Offset 10 0 +25% offset 
Y-axis Field Offset 10 0 HO% offset 

Sensor Z Temp Y-axis Field Offset 11 1 1 o% offset 
Y-axis Field Offset 10 1 H -25% offset 
Y-axis Field Offset 11 0 0 -25% offset 
Y-axis Field Offset 10 l }---{ -50% offset 
Y-axis Field Offset 11 0 l -50% offset 
Y-axis Field Offset 10 l }---{ -15% offset 
Y-axis Field Offset ll 1 0 -75% offset 
Y-axis Field Offset 10 0 }--{ +15% offset 
Y-axis Field Offset ll 0 0 +75% offset 
Y-axis Field O~fset 10 0 }---{ +50% offset 
Y-axis Field Offset 11 0 1 i}-----{ +50% offset Y-axis Field Offset 10 0 +25% offset 
Y-axis Field Offset 11 1 L) +25% offset 

Base Temp Z-axis Field Offset 12 0 l }---{ 0~ offset 
Internal Temp Z-axis Field Offset 13 1 o% offset 

Z-axis Field Offset 12 1 0 H -:'5% offset 
Z-axis Field Offset 13 0 -25% offset 
Z-axis Field Offset 12 1 0 }---{ -50% offset 
Z-axis Field Offset 13 1 -50% offset 
Z-axis Field Offset 12 l 1 }---{ -75% offset 
Z-axis Field Offset 13 0 -75% offset 
Z-axis Field Offset 12 0 0 }---{ +75% offset 
Z-axis Field Offset 13 0 +75% offset 
Z-axis Field Offset 12 0 0 I~ +50% offset Z-axis Field Offset 13 l +50% offset 
Z-axis Field Offset 12 0 l +25% offset 
Z-axis Field Offset 13 0 +25% offset 
Scientific/Cal Mode 13 0 Calibrate ON 

13 1 Calibrate OFF 
Level Sensor 1 Offset Axis Address 14 0 0 Not at X, Y, or Z 

Offset Axis Address 14 1 0 X-axis position 
Offset Axis Address 14 0 1 Y-axis position 
Offset Axis Address 14 1 1 Z-axis position 

Level Sensor 2 Filter Status 15 l Filter bypassed 
Filter Status 15 0 Filter not bypassed 
Flip/Cal Inhibit Status 15 1 Calibration Inhibited 
Flip/Cal Inhibit Status 15 0 Calibration not inhibited 

Supply Voltage l Filler Bits 16 0 0 Not used -
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ALSEP l 

TABLE 6-XIV .- SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS LIST, ALSEP l 

NOTE: The SWS uses ALSEP Words 7, 23, 39 and 55 (in that order) to convey experiment data. The data 
is organized into 16 sequences of 186 words per sequence. Since the position of any element 
of data (Word) is indeterminate with respect to ALSEP Frames and Words, the channel designation 
is determined internally from information carried in the data. Therefore, in the following 
data, channel designation is not used but the data is identified by the SWS Word and by the 
first two bits (FB) which have been provided for Word identification within the sequence; and 
the sequence is identified by the Least Significant Bits (LSB) of Word 184 lying in the sequence 
being identified. 

Basic Seguence, Repeated 16 times per cycle 

,,, ""' ;;1 
-112 Words -j-s Words-j-8 Words-l-56 Words~-w~s 

184-18 
0 Thru lll 112 Thru 119 120 Thru 127 128 Thru 183 s c 

E 0 
A/D Q u 

Plasma Magnitude Conv Electrometer Plasma Magnitude u N 
(Protons) Calib Calib (Electrons) E T 

N 
& Temp c 

- ------- ~---~ L~ -- ----- -- E 

TyPical Data Word Cycle - Seguence Count Words 

r---word 0 to 183 I Word - 184 1------- Word - 185 I 

20 

X 

LFlo.~ I• Data -'----.. I [Bits • Bits 

Flag Bits: 00 Scientific Data Word 

01 Calibration Data Word 
10 Sequence Counter Word 

23 22 21 20 211 210 29 28 27 26 25 

20 

X 

24 

Flag I_ Cycle _L Sequence _L Flag-1 C cle Count ------
Bits !count f Count jBits Y 
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* ALSE!' 1 

TABLE 6-XIV.- SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS LIST, ALSEP 1 - Continued 

sws Flag Bit Sensor Sequences Symbol Location/Name (FB) SWS Word Range 

Science Data 
Plasma Magnitude 
(Positive Ions) 

Subcommutated as follows: a reading is made of the sum of the 
outputs of the 7 Faraday cups and then there are 7 consecutive 
readings of the individual Faraday cups. This set of 8 is re-
peated for 14 different settings of the analyzer plate voltage. 

SWS Proton Flux 
0-15; de DY- 1 Positive Ions - Sum - Lev l 00 0 Log 0.4 to 6200 pA HiV Cal DY- 2 Positive Ions - Cup l - Lev 1 00 1 Log 0.4 to 6200 pA and ac HiV DY- 3 Positive Ions - Cup 2 - Lev 1 00 2 Log 0.4 to 6200 pA Cal in Se- DY- 4 Positive Ions - Cup 3 - Lev 1 00 3 Log 0.4 to 6200 pA quence 14 DY- 5 Positive Ions - Cup 4 - Lev 1 00 4 Log 0.4 to 6200 pA and 15 DY- 6 Positive Ions - Cup ) - Lev 1 00 5 Log 0.4 to 6200 pA DY- 7 Positive Ions - Cup 6 - Lev 1 00 6 Log 0.4 to 6200 pA DY- 8 Positive Ions - Cup 7 - Lev 1 00 7 Lor, 0.4 to 6200 pA DY- 9 Positive Ions - Sum - Lev 2 00 8 Log 0.4 to 6200 pA DY-10 Positive Ions - Cup 1 - Lev 2 00 9 Log 0.4 to 6200 pA DY-ll Positive Ions - Cup 2 - Lev 2 00 10 Log o.4 to 6200 pA DY-12 Positive Ions - Cup 3 - Lev 2 00 ll Log 0.4 to 6200 pA 

DY-13 Positive Ions - Cup 4 - Lev 2 00 12 Log 0.4 to 6200 pA DY-14 Positive Ions - Cup 5 - Lev 2 00 13 Log 0.4 to 6200 pA 
DY-15 Positive Ions - Cup 6 - Lev 2 00 14 Log 0.4 to 6200 pA 
DY-16 Positive Ions - Cup 7 - Lev 2 00 15 Log 0.4 to 6200 pA 
DY-17 Positive Ions - Sum - Lev 3 00 16 Log 0.4 to 6200 pA 
DY-18 Positive Ions - Cup 1 - Lev 3 00 17 Log 0.4 to 6200 pA 
DY-19 Positive Ions - Cup 2 - Lev 3 00 18 Log 0.4 to 6200 pA 
DY-20 Positive Ions - Cup 3 - Lev 3 00 19 Log 0~4 to 6200 pA 
DY-21 Positive Ions - Cup 4 - Lev 3 00 20 Log 0.4 to 6200 pA 
DY-22 Positive Ions - Cup 5 - Lev 3 00 21 Log 0.4 to 6200 pA 
DY-23 Positive Ions - Cup 6 - Lev 3 00 22 Log 0.4 to 6200 pA 
DY-24 Positive Ions - Cup 7 - Lev 3 00 23 Log 0.4 to 6200 pA 
DY-25 Positive Ions- Sum -·Lev 4 00 24 Log 0.4 to 6200 pA 
DY-26 Positive Ions - Cup 1 - Lev 4 00 25 Log 0.4 to 6200 pA 
DY-27 Positive Ions - Cup 2 - Lev 4 00 26 Log 0.4 to 6200 nA 
DY-28 Positive Ions - Cup 3 - Lev 4 00 27 Log 0.4 to 6200 pA 
DY-29 Positive Ions - Cup 4 - Lev 4 00 28 Log 0 .I; to 6200 pA 
DY-30 Positive Ions - Cup 5 - Lev 4 00 29 Log 0.4 to 6200 pA 
DY-31 Positive Ions - Cup 6 - Lev 4 00 30 Log 0.4 to 6200 pA 
DY-32 Positive Ions - Cup 7 - Lev 4 00 31 Log 0.4 to 6200 pA 
DY-33 Positive Ions - Sum - Lev 5 00 32 Log o.4 to 6200 pA 
DY-34 Positive Ions - Cup 1 - Lev 5 00 33 Log 0.4 to 6200 pA 
DY-35 Positive Ions - Cup 2 - Lev 5 00 34 Log o.4 to 6200 pA 
DY-36 ' Positive Ions - Cup 3 - Lev 5 00 35 Log 0.4 to 6200 pA 
DY-37 Positive Ions - Cup 4 - Lev ~ 00 36 Log 0.4 to 6200 pA 
DY-38 Positive Ions - Cup 5 - Lev 5 00 37 Log o.4 to 6200 pA 
DY-39 Positive Ions - Cup 6 - Lev 5 00 38 Log o.4 to 6200 vA 
DY-40 Positive Ions - Cup 7 - Lev 5 00 39 Log 0.4 to 6?00 pA 
DY-41 Positive Ions - Sum - Lev 6 00 40 Log 0.4 to 6200 pA 
DY-42 Positive Ions - Cup 1 - Lev 6 00 41 Log 0.4 to 6200 pA 
DY-43 Positive Ions - Cup 2 - Lev 6 00 42 Log 0.4 to 6200 pA 
DY-44 Positive Ions - Cup 3 - Lev 6 00 43 Log 0.4 to 6200 pA 
DY-45 Positive Ions - Cup 4 - Lev 6 00 44 Log 0.4 to 6200 pA 
DY-46 Positive Ions - Cup 5 - Lev 6 00 45 Log 0,4 to 6200 pA 
DY-47 Positive Ions - Cup 6 - Lev 6 00 46 Log 0.4 to 6200 pA 
DY-48 Positive Ions - Cup 7 - Lev 6 00 47 Log 0.4 to 6200 pA 
DY-49 Positive Ions - Sum- Lev 7 00 48 Log 0.4 to 6200 pA 
DY-50 Positive Ions - Cup 1 - Lev 7 00 49 Log 0.4 to 6200 pA 
DY-51 Positive Ions - Cup 2 - Lev 7 00 50 Log 0.4 to 6200 pA 
DY-52 Positive Ions - Cup 3 - Lev 7 00 51 Log 0.4 to 6200 pA 
DY-53 Positive Ions - Cup 4 - Lev 7 00 52 Log 0.4 to 6200 pA 
DY-54 Positive Ions - Cup 5 ~ Lev 7 00 53 Log 0.4 to 6200 pA 
DY-55 Positive Ions - Cup 6 - Lev 7 00 54 Log 0.4 to 6200 pA 
DY-56 Positive Ions - Cup 7 - Lev 7 00 55 Log 0.4 to 6200 pA 
DY-57 Positive Ions - Sum - Lev 8 00 56 Log o.4 to 6200 pA 
DY-58 Positive Ions - Cup 1 - Lev 8 00 57 Log 0.4 to 6200 pA 
DY-59 Positive Ions - Cup 2 - Lev 8 00 58 Log 0.4 to 6200 pA 
DY-60 Positive Ions - Cup 3 - Lev 8 00 59 Log 0.4 to 6200 pA 
DY-61 Positive Ions - Cup 4 - Lev 8 00 60 Log 0.4 to 6200 pA 
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TABLE 6-XIV.- SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS LIST, ALSEP l- Continued 

sws Flag Bit Sensor 
Sequences Symbol Location/Name (FB) SWS Word Range 

0-15; de DY-62 Positive Ions - Cup 5 - Lev 8 00 61 Log o.4 to 6200 pA 
HiV Cal DY-63 Positive Ions - Cup 6 - Lev 8 00 62 Log 0.4 to 6200 pA 
and ac HiV DY-64 Positive Ions - Cup 7 - Lev 8 00 63 Log 0.4 to 6200 pA 
Cal in Se- DY-65 Positive Ions - Sum - Lev 9 00 64 Log 0.4 to 6200 pA 
quence 14 DY-66 Positive Ions - Cup l - Lev 9 00 65 Log o.4 to 6200 pA 
and 15 DY-67 Positive Ions - Cup 2 - Lev 9 00 66 Log 0.4 to 6200 pA 

DY-68 Positive Ions - Cup 3 - Lev 9 00 67 Log 0.4 to 6200 pA 
DY-69 Positive Ions - Cup 4 - Lev 9 00 68 Log 0.4 to 6200 pA 
DY-70 Positive Ions - Cup 5 - Lev 9 00 69 Log 0.4 to 6200 pA 
DY-71 Positive Ions - Cup 6 - Lev 9 00 70 Log o.4 to 6200 pA 
DY-72 Positive Ions - Cup 7 - Lev 9 00 71 Log 0.4 to 6200 pA 
DY-73 Positive Ions - Sum - Lev 10 00 72 Log o.4 to 6200 pA 
DY-74 Positive Ions - Cup l - Lev 10 00 73 Log 0.4 to 6200 pA 
DU-75 Positive Ions - Cup 2 - Lev 10 00 74 Log o.4 to 6200 pA 
DY-76 Positive Ions - Cup 3 - Lev 10 00 75 Log 0.4 to 6200 pA 
DY-77 Positive Ions - Cup 4 - Lev 10 00 76 Log 0.4 to 6200 pA 
DY-78 Positive Ions - Cup 5 - Lev 10 00 77 Log 0.4 to 6200 pA 
DY-79 Positive Ions - Cup 6 - Lev 10 00 78 Log 0.4 to 6200 pA 
DY-80 Positive Ions - Cup 7 - Lev 10 00 79 Log 0.4 to 6200 pA 
DY-81 Positive Ions - Sum- Lev ll 00 eo Log 0.4 to 6200 pA 
DY-82 Positive Ions - Cup l - Lev ll 00 81 Log 0.4 to 6200 pA 
DY-83 Positive Ions - Cup 2 - Lev ll 00 32 Log o.4 to 6200 pA 
DY-84 Positive Ions - Cup 3 - Lev ll 00 83 Log 0.4 to 6200 pA 
DY-85 Positive Ions - Cup 4 - Lev ll 00 84 Log 0.4 to 6200 pA 
DY-86 Positive Ions - Cup 5 - Lev ll 00 85 Log 0.4 to 6200 pA 
DY-87 Positive Ions - Cup 6 - Lev ll 00 86 Log 0.4 to 6200 pA 
DY-88 Positive Ions - Cup 7 - Lev ll 00 87 Log o.4 to 6200 pA 
DY-89 Positive Ions - Sum - Lev 12 00 88 Log 0.4 to 6200 pA 
DY-90 Positive Ions - Cup l - Lev 12 00 89 Log 0.4 to 6200 pA 
DY-~1 Positive Ions - Cup 2 - Lev 12 00 90 Log 0.4 to 6200 pA 
DY-92 Positive Ions - Cup 3 - Lev 12 00 91 Log 0.4 to 6200 pA 
DY-93 Positive Ions - Cup 4 - Lev 12 00 92 Log 0.4 to 6200 pA 
DY-94 Positive Ions - Cup 5 - Lev 12 00 93 Log 0.4 to 6200 pA 
DY-95 Positive Ions - Cup 6 - Lev 12 00 94 Log o.4 to 6200 pA 
DY-96 Positive Ions - Cup 7 - Lev 12 00 95 Log o.4 to 6200 pA 
DZ- l Positive Ions - Sum- Lev 13 00 96 Log 0.4 to 6200 pA 
DZ- 2 Positive Ions - Cup l - Lev 13 00 97 r.og o. 4 to 6200 pA 

I DZ- 3 Positive Ions - Cup 2 - Lev 13 OG 98 Log 0.4 to 6200 pA 

! DZ- 4 Positive Ions - Cup 3 - Lev 13 00 99 Log 0.4 to 6200 pA 

DZ- 5 Positive Ions - Cup 4 - Lev 13 00 100 Log 0.4 to 6200 pA 
DZ- 6 Positive Ions - Cup 5 - Lev 13 00 101 Log 0.4 to 6200 pA 

DZ- '7 Positive Ions - Cup 6 - Lev 13 00 102 Log 0.4 to 6200 pA 
DZ- 8 Positive Ions - Cup 7 - Lev 13 00 103 Log o.4 to 6200 pA 
DZ- 9 Positive Ions - Sum - Lev 14 00 l04 Log 0.4 to 6200 pA 

DZ-10 Positive Ions - Cup l - Lev 14 00 105 Log 0.4 to 6200 pA 

DZ-ll Positiv~ Ions - Cup 2 - Lev 14 00 106 Log u.4 to 6200 pA 

DZ-12 Positive Ions - Cup 3 - Lev 14 00 J0'7 Log o.4 to 6200 pA 

DZ-13 Positive Ions - Cup 4 - Lev 14 00 108 Log 0.4 to 6200 pA 

DZ-14 Positive Ions - Cup 5 - Lev 14 00 109 Log 0.4 to 6200 pA 

DZ-15 Positive Ions - Cup 6 - Lev 14 00 110 Lng 0.4 to b200 pA 

DZ-16 Positive Ions - Cup 7 - Lev 14 00 lll Log 0.4 to 6200 pA 

Plasma Magnitude 128-183 Log 0.4 to 6200 pA 
(Electrons) 

Subcommutated in a manner similar to above except that here the set of 8 
is repeated for '7 different settings of the analyzer plate voltage. 

SWS Electron Flux 
DZ-1'7 Electrons - Sum - Lev 15 00 128 Log 0.4 to 6200 pA 

DZ-18 Electrons - Cup 1 - Lev 15 00 129 Log 0.4 to 6200 pA 

DZ-19 Electrons - Cup 2 - Lev 15 00 130 Log 0.4 to 6200 pA 

DZ-20 Electrons - Cup 3 - Lev 15 00 131 Log 0.4 to 6200 pA 

DZ-21 Electrons - Cup 4 - Lev 15 00 132 Log 0.4 to 6200 pA 

DZ-22 Electrons - Cup 5 - Lev 15 00 133 Log 0.4 to 6200 pA 

DZ-23 Electrons - Cup 6 - Lev 15 00 134 Log 0.4 to 6200 pA 

DZ-24 Electrons - Cup 7 - Lev 15 00 135 Log 0.4 to 6200 pA 

DZ-25 Electrons - Sum - Lev 16 00 136 Log 0.4 to 6200 pA 

DZ-26 Electrons - Cup l - Lev 16 00 137 Log 0.4 to 6200 pA 
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* ALGE' l 

TABLE 6-XIV.- SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS LIST, ALSEP l - Continued 

SWS Flag Bit Sensor 
Sequences Symbol Location/Name (FB) SWS Word Range 

0-15; de DZ-27 Electrons - Cup 2 - Lev 16 00 138 Log 0.4 to 6200 pA 
Hi V Cal and DZ-28 Electrons - Cup 3 - Lev 16 00 139 Log 0,4 to 6200 pA 
ac HiV Cal DZ-29 Electrons - Cup 4 - Lev 16 00 140 Log 0,4 to 6200 pA 
in Sequence DZ-30 Electrons - Cup 5 - Lev 16 00 141 Log 0,4 to G200 pA 
14 and 15 DZ-31 Electrons - Cup 6 - Le·r ltJ 00 142 Log 0.4 to 6200 pA 

DZ-32 Electrons - Cup 7 - Lev lb 00 143 Log 0,4 to 6200 pA 
DZ-33 Electrons - Sum- Lev 17 00 144 Log 0.4 to 6200 pA 
DZ-34 Electrons - Cup l - Lev l'i 00 145 Log 0.4 to 6200 pA 
DZ-35 Electrons - Cup 2 - Lev 17 00 146 Log 0,4 to 6200 pA 
DZ-36 Electrons - Cup 3- Lev 17 00 147 Log 0,4 to 6200 pA 
DZ-37 Electrons - Cup 4 - Lev 17 00 148 Log 0.4 to 6200 pA 
DZ-38 Electrons - Cup 5 - Lev 17 00 149 Log 0.4 to 6200 pA 
DZ-39 Electrons - Cup 6- Lev 17 00 150 Log 0.4 to 6<00 DA 
DZ-40 Electrons - Cup 7- Lev 17 Q[J 151 Log 0.4 to 6200 pA 
DZ-41 Electrons - Sum - Lev 18 00 152 Log 0.4 to 6200 pA 
DZ-42 Electrons - Cup 1 - Lev 18 00 153 Log 0.4 to 6200 pA 
DZ-43 Electrons - Cup 2 - Lev 18 00 154 Log 0,4 to 6200 pA 
DZ-44 Electrons - Cup 3 - Lev 18 00 155 Log 0,4 to 6200 pA 
DZ-45 Electrons - Cup 4 - Lev 18 00 156 Log 0.4 to 6200 pA 
DZ-46 Electrons - Cup 5 - Lev 18 00 157 Log 0,4 to 6200 pA 
DZ-47 Electrons - Cup 6 - Lev 18 00 158 Log 0.4 to 6200 pA 
DZ-48 Electrons - Cup 7 - Lev 18 00 159 Log 0.4 to 6200 pA 
DZ-49 Electrons - Sum - Lev 19 00 160 Log 0,4 to 6200 pA 
DZ-50 Electrons - Cup l - Lev 19 00 161 Log u.4 to 6200 pA 
DZ-51 Electrons - Cup 2 - Lev 19 00 162 Log 0.4 to 6200 pA 
DZ-52 Electrons - Cup 3 - Lev 19 00 163. Log 0.4 to 6200 pA 
DZ-53 Electrons - Cup 4 - Lev 19 00 164 Log 0.4 to 6200 pA 
DZ-54 Electrons - Cup 5 - Lev 19 00 165 Log 0,4 to 6200 pA 
DZ-55 Electrons -· Cup 6 - Lev 19 00 166 Log 0.4 to 6200 pA 
DZ-56 Electrons - Cup 7 - Lev 19 00 167 Log 0.4 to 6200 pA 
DZ-57 Electrons - Sum - Lev 20 00 168 Log 0.4 to 6200 pA 
DZ-58 Electrons - Cup l - Lev 20 00 169 Log 0.4 to 620u pA 
DZ-59 E.lectrons - Cup 2 - Lev ~)tJ 00 170 Log 0.4 to 6200 pA 
DZ-60 Electrons - Cup 3 - Lev- .. :n 00 171 Log 0.4 to 6?00 pA 
DZ-61 Electrons - Cup 4 - Lev ?0 00 1"(2 Log 0.4 to 6?08 pA 
DZ-62 Electrons - Cup 5 - Lev ;~J 00 173 Log 0.4 to 6200 pA 
DZ-63 Electrons - Cup 6 - Lev 20 00 174 Log 0.4 to b20L pA 
DZ-64 Electrons - Cup 7 - I,ev ~·0 00 175 Log 0. h to 6:'00 pA 
DZ-65 Electrons - Sum - Lev 21 00 1"(6 Log 0.4 tc f:?UO pA 
DZ-66 Electrons - Cup l - I.ev 21 00 177 Log 0. 4 to 6;'00 pA 
DZ-67 Electrons - Cup 2 -· Lev 21 00 178 Log 0.4 to 6200 pA 
DZ-68 Electrons - Cup 3 - Lev 21 00 179 Log 0,4 to 6200 pA 
DZ-69 Electrons - Cur) 4 - Lev 21 00 180 Log 0,4 to 6200 pA 
DZ-70 Electrons - Cup 5 - Lev 21 00 181 Log 0.4 to 6200 pA 
DZ-71 Eleetrons - Cup 6 - Lev 21 00 182 Log 0,4 to 6200 pA 
DZ-72 Eleetrcns - Cup 7 - Lev 21 00 183 I Log 0.4 to 6200 pA 
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ALSEP l 

TABLE 6-XIV.- SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS LIST, ALSEP l- Continued 

Symbol Location/Name 

Engineering Data 

Segulnce Counter 
r 

{
DW- l 
DW- 2 

LSB (1 bit per sequence) 
MSB (1 bit per 256 sequences) 

Flag Bit 
(FB) 

10 
10 

SWS Word 

184 
185 

A/D Converter Calibration, Repeated Every Other SWS Sequence 

I DW- 3 

~ ~~= ~ 

I 
DW- 6 

1 

DW- I 

DW-ll 
DW-12 
m>l-13 
DW-14 
l!W-15 
DW-16 
DW-17 
DW-18 

9 mV + 2% 
90 mV-+ 2% 
900 mV-+ c% 
3000 mV-+ 2% 
9000 mV ~ 2% 

Temperature Sensor Mod 100 
Temperature Sensor Mod 200 
Temperature Sensor Mod 300 
Temperature Sensor Cup Assembly 
Sun Angle Sensor 
Programer Voltage 
Step Generator Voltage 
Modulation Monitor 

Ol 
01 
Ol 
01 
01 

01 
01 
01 
01 
01 
Ol 
01 
01 

r:'urrent Calibrate, Repeated Every Fourth SWS Sequenc-= 

1 DW-:9 

I :J'd-?0 
DW-21 

1 DW-22 

1 
DW-23 
DW-24 
DW-25 I DW-26 

j 
! 

1 

j 

DW-21 
DW-28 
DW-29 
DH-30 
Vd-31 
DW-3l 
D\1-33 
DW-34 
DW-35 
DW-36 
DW-:H 
DW-38 
CW-39 
DW-40 
DW-41 
DW-42 
DW-43 
DW-44 
DW-45 
DW-46 
DW-41 
DW-48 
DW-49 
DW-50 

0 Ampere 
0 Ampere Cup l 
0 Ampere Cup 2 
0 Ampere Cup 3 
0 Ampere Cup I; 
0 Ampere Cup 5 
0 Ampere Cup 6 
0 Ampere Cu~ I 
lx).[6xl0-l Ampere 
5.16xlO-l2 Ampere Cup l 
5.16x1o-l2 Ampere Cup 2 
5.76xlo-l2 Ampere Cup 3 
5.76x1o-l2 Ampere Cup 4 
5.7bxlo-12 Ampere Cup 5 
5.:6xlo-12 Ampere Cup 6 
5.76xlo-12 Ampere C:up 7 
lx5. 16x-LG-ll Ampere 
5.16x1o-l1 Ampere Cup l 
5.76x10-11 Ampere Cup 2 
5.16x1o-ll Ampere Cup 3 
5. 76xlo-ll Ampere Cup '' 
5.76xl0-11 Ampere Cup 5 
5.16x1o-11 Ampere Cup 6 
5.16x10-11 Ampere Cup I 
7x5.16xl0-9 Ampere 
5. 76x10-9 Ampere Cup 1 
5.76xlo-9 Ampere Cup 2 
5.76x1o-9 Ampere Cup 3 
5.16xl0-9 Ampere Cup 4 
5. 16x1o-9 Ampere Cup 5 
5.[6xl0-9 Ampere Cup 6 
5. 16xlo-9 Ampere Cup I 

01 
01 
01 
0~~ 

01 
''" Ol 
Cl 
Gl 
Cl 
OJ 
01 
O.l 
01 
01 
01 
01 
01 
Ol 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
Ol 
01 
01 

de HiV Calibrate, Repeated Once Every 16 SWS Sequences 

J 
DW-51 
DW-52 
DW-53 
DW-54 

Level #1 (Proton) 
Level #2 
Level #3 
Level #4 

6-20 

01 
01 
01 
01 

112, 111 
113 
114, 118 
115 
116,119 

112 
113 
114 
115 
116 
lll 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
120 
121 
122 
123 
124 
125 
)26 
127 
l20 
121 
122 
123 
124 
125 
126 
127 
120 
121 
122 
123 
124 
125 
126 
121 

0 
8 

16 
24 

LSB's 
Word 

184 

All 
All 

0 
0 
0 
0 
0 

1 
1 
1 
1 
l 
1 
1 
1 

00 
00 
00 
00 
00 
00 
00 
00 
01 
01 
01 
01 
01 
01 
01 
01 
10 
10 
10 
10 
10 
10 
10 
10 
ll 
ll 
11 
11 
11 
ll 
11 
ll 

1110 
1110 
1110 
1110 

Sensor 
Range 

0-256 
0-256 

Log 0.6 to 10,000 mV 
Log 0.6 to 10,000 mV 
Log 0.6 to 10,000 mV 
Log 0.6 to lO,GOO mV 
Log 0.6 to 10,000 mV 

-50 to +150°C 
-50 to +l50°C 
-50 to +l50°C 
-185 to +l50°C 
One Value 
0 to 9 V 
0 to 9 V 
PCM counts 

PCN Cour.t 

011, + 6 
016 + 4 
016 + 4 
016 + 4 
016 + 4 
016 + 4 
016 + 4 
016 + 4 
031 + 6 
019 + 4 
019 + 4 
019 + 4 
019 + 4 
019 + 4 
019 + 4 
019 + 4 
119 + 4 
050 + 4 
050 + 4 
050 + 4 
O'iO + 4 
050 + 4 
050 + l 
050 + 4 
254 + 1 
246 + 3 
246 + 3 
246 + 3 
246 + 3 
246 + 3 
246 + 3 
246 !: 3 

PCM Count 
Low Gain f Hish Gai 

ll + 10 
13 +I 
31 + 5 
51 + 4 

30 + 10 
43 +I 
60 + 5 
18 + 4 



I SWJ 
1.1t~y_uen,;es 

I 
' 
I 
I 
I 

I 
I 
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15 

Symbol 

DW-3 
DH-4 
DW-5 
DH-E 
DW-7 
;:M-ll 
iM-12 
;J',/-13 

DW-14 
LW-l5 
DH-16 
DW-17 
DW-lR 

f.LGEP 1 

'l'ABLE G-XTV .- :iO!.J\R WIND SPEC'I'ROMETER (SWS) !~llASURF.NENTS LIST, ALSEP l - Concluded 

Flap Bit I SWS Word Symbol Locctton/Name (FB) 

DW-'!'C LeV(.•l !!') U::!.. 32 
Dtl-c:b Level lttJ 01 40 
DW-57 IA~W"l #'(. 01 1,8 
DW-58 Lf:'VE".l f/8 ,)1 5G 
llW-:•Y Leve~ #9 Ol ()-' 
!)W-\'U Level #10 01 '!" 
D<l-61 Lew·l #11 01 eo 
DW-c2 Lev:;-1 h 12 01 ck 
DW-b3 Level #13 01 ~)6 

: DW-n4 Level #14 (,!l 101: 
\ DW-65 I Level #15 (Electron) 01 L'8 

i DW-f;b Level #10 01 136 
! DW-67 Level #17 01 144 

lJW-<,8 Level #18 Ul l-52 
DW-69 LPVel #19 •Jl J60 

I i!W-70 Level #20 Ol 168 I DW-71 Level #2.l 01 176 

aa Hi V Calibrate, Repeated C!lce Every 16 SWS ~)equence 

I DW-7,' Le·rel #l (Proton) Ol 0 
DW-'1'3 Level. #':..:. 01 8 
DW-'(4 Level #j 01 16 
DW-15 Level .#4 01 211 
;JW-76 Level #5 Cl 32 
f;W-77 Level #6 01 4o 
DW-78 Level HI 01 48 
DW-79 Level #5 o: 56 
DW-80 Level #9 01 64 

I DW-81 Level #10 01 72 
DW-82 J,eve1 #ll 01 80 

I DW-R3 Level #12 01 88 
I I:M·-l'14 Level #13 01 )6 

DW-85 Level #14 Ol lU4 
DW-86 Level #15 (Electron) 01 128 
DW-87 Level #16 01 136 
DW-82 l..evel #17 01 144 
DW-t9 1.Jevel #18 01 152 
IM-90 Level #19 01 lbO 
LW-91 I Level #20 01 168 
DW-92 I J,evel #21 01 1[6 

-- L__ --

TAIJLE 6-XV.- I,U1ITS OF SWS ENGINEERING LATA 

Location/Hame 

9rr.'l JjD Ca:i.ibratinn 
90J11.V A/D l~f:l.li bn-.tj,on 
900rr:·i[ t~IP Calibr3tion 
3G00m\' A/D Calil_)ration 
9LOO:n'/ A/D Cali l ~ati en 
':'t':'lpPrature, ;,~od lOD 
'Terrpern.t <1re, i·1od ;.:oo 
Temperature, :-1od 30G 
Temperature, Sensor Cup Asse~bly 
Sun Angle Sensor 
Programer Voltag~ 
Step Generator Voll:.age 
Modulntion Monitor 

Red Line 
Low 

lmV 
50mV 
500mV 
l650n:V 
5000mV 
-25°C 
-25°C 
-25°C 
-l50°C 
-1V 
4.ov 
.6ov 
120 PCM 

6-21 

Nominal 
Low 

8mV 
80mV 
800m'l 
2650mV 
8000rr.V 
-l0°C 
-l0°C 
-}0°C 
-l01°C 
-.lV 
4.6v 
.85V 
J 44 PCM 

N:::nrinal 

9mV 
90mV 
QOOmV 
3000mV 
9000mV 
+25°C 
+25°C 
+25°C 
+25°C 
ov 
4.95V 
.88V 
l52 PCM 

L:oJJ s 
Hord· PC!<! Cctir-1:. 

184 Luw Gain High Gain 

1110 68 + 4 95 + !, 
1110 86 + 4 112-+ ,, 
JHO 103-+ )j 131; +" 
l110 119 + 4 1G3 +I, 
:lll) 13( :; 4 lG3 + 4 
1110 l~·)!: 4 180 + 4 
lllO 170 + 4 :!.)'; :; ~ 
1110 188 +I; 21) + ~~ 
1110 205 + 4 2jl + i+ 
lllO 223 + 4 21,, + ,, 
11]0 016 :; 10 •!41 + l.O 
1110 046 ±. 7 07) + 1 
lllO 082 + 5 llC1 +) 
1110 117 + J, ]lf4 + !t 
lllO 1)2 + :+ 1!8+"4 
1110 187 + 4 214 +I, 
1110 222 ~~ 4 250 ~ 4 

llll 031 + j + ., 
llll 044 + 3 "' -, 

ll11 055 + 3 076 + 3 
lLil 069 + 3 J9U + 3 
lll L 082 + 3 :G4 + j 
1111 095 + 3 ~19 + 3 
llll lll + 3 135 + 3 
llll 126 + 3 150 + 3 
llll 141 + 3 166 + 3 
llll 157 + 3 182 + 3 
llll 173±_3 199 + 3 
1111 190 !. 3 211 + 3 
ll11 207 + 3 233 + 3 
llll 224 + 3 248 + "~ 
llll 038 + 3 058 + 3 
llll 063 + 3 036 + 3 
llll 092 + 3 116 +' 
11ll 123 + 3 148 + 3 
1111 155 + 3 lEl + 3 
llll 189 + 3 215 + 3 
llll 224 ±. 3 249 ±. 3 

L-...._ ______ L-_ ---~ 

N,-JI'l'linal 
High 

RedJjne 
Hi,:;;h 

lOmV 
lOOmV 
lOOOmV 
3300mV 
9800mV 
+80°C 
+80°C 
+80°C 
+93°C 
5.0V 
5.1V 
.91V 
158 PCM 

20mV 
l50mV 
l500r:N 
5000n:V 
l0,500mV 
+100°C 
+l00°C 
+l00°C 
+l20°C 
9.8v 
6.ov 
l.2V 
187 PCM 

I 
_j 

I 
I 

I 



srn:. 
Word 
#:!.. 

:lata 
Address 
Coill1ter 

ALSEP 
Word 
#15 

TABLE 6-XVT.- SUFRATHERI'.AL JON DETECTOR AND CcJLD 
CATHODE GAGE EXPERIMENT MEASURE.'!J!:IITS I,IST, ltLSEP 1 

ALSEF l 

ONE SIDE FRAME----------------------

f,JDE SIDE SIDE SIDE SIDE SIDE SIDE 
Word Word Word Word Word Word Word 
#2 #3 #4 #5 #6 #7 #8 

AID A/D Digital Digital Status A/D A/D 
ConYerter Converter Count Count Sub com Converter r.onverter 
Voltage 

ALSEP 
Word 
#31 

Voltage Data Da.ta Voltage Voltage 
J£D LSD 

ALSEP ALSEP ALSEP ALSEP ALSEP f.LSEP 
Word Word Yiord Word Word Word 
#47 #56 #63 #15 #31 #4'T 

ALSEP EVEN FRA!•!E - ALSEP ODD FRAME 
I I i 

SIDE Word #1 Provides identification of selected step in measurement 

program (SIDE frame count), a parity check of data on 

previous frame, and even frame identification. 

;vord 112 CCGE data and housekeeping data, sutcomrnutated. 

Word #3 Voltage on high-energy curved plate analyzer. 

Word #4 and #5 Count data frott high-energy curved plate 

analyzer. 

Word #6 Various data subccmmutated, such as command mode, 

command waiting for execution, range 0f t:-lectrometer, 

and ground plane grid voltage stc:p; also, parity check 

of data in previous frame and odd frame identification. 
Word #7 VeJocitJ• filter voltage. 

\-lord #8 Voltage on low-energy curved plate analyzer. 
Word #9 and #10 Count data from low-energy curved plate 

analyzer. 

6-22 

SIDE SIDE 
Word Word 
#9 #10 

Digital Digital 
Count Count 
Data Data 

i MSD LSD 
ALSEP ALGE.'P 
Wcrd Word 
#56 #63 



* ALSEP l 

TABLE 6-XVI.- SUPRA~'!IF.RMAL ION DETECTOR AND COLD CATHODE 
GAGE EXFERIMF.NT MEASUREMENTS LIST, ALSE? 1 - Continued 

Svmbol 1 Location/Name I 
F'olloving measurements carried in ALSEP 

CI -1 *SIDE .F'rame Counter I 
Following measurements c'irried in /,LSEP 

DI-2 """) vo.lts analog 

DI-3 CCGB Scien:::e Data 

DI--4 rremp l (cere) 

DI-5 Temp 2 (200 Blivet) 
:i.)l-6 •remp 3 ( 500 Bli vet) 
DT-7 4. ~) kV 

Dl-8 CCGE h"'>.TigP. 

DI-9 

I 
Temp L \100 Blivet) 

DI-10 Temp 5 (300 Blivet) 
DI-ll ('_rND PJ ane val t a,o;e 

DI-12 Solar Cell 

H-13 +60 volts 
Dl-14 +3CJ volts 

DI-15 t) 7olts digital 

LI-lb Ground 

DI--17 -5 volts 

DI-18 -30 volts 
DI-19 'Iemr. 6 ( 800 Bli vet) 
ili-20 -3.5 kV 
DI-21 +l.O volt cal. 
Dl-22 +30 mV ·oal.. 

DI-23 +A/D Ref. voltage 
DI-24 Dust Cover and Seal 

DI-25 -A/D Ref. volt 
DI-26 -1.0 vo.lt eal. 

DI-27 -12 val t cal. 
DI-28 +12 volt cal. 

DI-29 Pre Reg Duty Factor 
DI-30 -30 mV cal. 
DF-29 One Time Command 

Register Status 

SIDE Frames Sensor 
Ra:nge 

Word 15 even, SIDE Word 1 and in indicated SIDE Frames. 

All I 0-127 *7 bits 4 to 10 inclusive 

Word 31 ever., SIDE Word 2 and in indicated SIDE Frames. 

0,32,64,96 
1,3,5,7,9,41,73,105,121-127 
2,34,66,98 
4,36,68,100 
6,38,70,102 
8,40,72,104 
18,24, 1,2 ,56, 74,68,106,120 

11,43, 75,107 
12,44,76,108 
13,15,29,31,45,47,61,63,69 
~(7 '79 ,93 ,95,109,111 
14,78 
16,48,80,112 
17,49,81,113 
18,50,82,114 
19,51,83,115 
20,52,84,116 
21,53,85,117 
22,54,86,118 
23.55,87,119 
27,59,91 
25,57,89 
26,58,90 
67,71 

30,62,94 
37,101 
39,103 
28,60,92 
65 
46,110 
33,35,97,99 

5 v .:!:.. 0.15 v 

lO'J to 4oo°K 
-9C to +125°C 
-90 to +125°C 
3-72 to 5.45 kV 
Range 1 
Range 2 
Range 3 
-50 to +90°C 
-50 to +90°C 

15 mV to 600 mV 
.15 to 150 V 
.15 to 150 V 
15 mV to 15 V 
0 to 18 mV 

6.9 to 9.0 V 
4.2 to 5.7 V 
2.2 to 3.2 V 

-15 mV to -15 V 
-.15 to -150 V 
-50 to +90°C 
-2.9 to -4.25 kV 
15 mV to 15 V 

15 mV to 15 V 

15 mV to 15 V 

Preset 3.125 to 5.5 V 
Seal Only 1.875 to 3.125 
Dust Cover Only .625 to 1.875 
Cover and Seal 0 to .625 
-15 mV to -15 V 
-15 mV to -15 V 
-15 mV co -15 V 
15 mV to 15 V 
68% to 100% 
-15 mV to -15 V 
Preset 0 to .625V 
Seal Only .625 to 1.875V 
Dust Cover 1.875 to 3.125V 
Dust Cover and Seal 3.125 to 

5.5V 

*See note on page 6-25 for measurement content. 
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'l'ARL!' t" -XVT.- SUPRA'r!IERMAL ION DETECTOR AND COL!J CATHODE 
0,\1;;·. !·:XI'f\biMF:N'J' MF.MlURi•:MFNTS LIST, ALSEP l - Continued 

ALSEP l 

Synbcl LocaLion/Nrun€~ SIDE FramA NVom
1
inal 

a ue 

I " 
.Following measurements carrif'd in ALGT•T Word 47 even, SIDE Word 3 and in indicated SIDE Frames. 

Voltage 

DI-40 HE CPA Stepr·"·r Voltafle l ,21 ,41 ,61,81 ,101 +437, 5V 

I:T -41 HE CPA Steprcr Vo it age 2 ,22 ,42 ,62 ,82 ,102 406 ,;>5V 

D:;:-4;"• HECPA 3tepper Voltt,ge 3,23,43,63,83,103 375.0V 

ri -43 HE CPA Stepp•'r Voltage 4,24,44 ,64 ,84,104 31+3. 75V 

fi-44 HHTA Stepper Volt.ag" 5,25,45.65,85,105 3l2.5V 

DI -1•5 HECPA Stepper Voltage 6,26,46 ,66 ,86,106 281. 25V 

ri-46 HE CPA Stepper Voltage 7,27 ,4'{ ,67 ,87,107 250. OV 

DI-l;"j" :IECrA Stepper Voltage 8,28,48 ,6() ,88,108 218. 75V 

ri-48 !!ECPA Stepper Voltage 9,29 ,1;9 ,69 ,89,109 187. 5V 

DI-4Y HE CPA Stepper Vo1Lage 10,30,50, 70,90,110 156 .25V 

DI-51' HECPA Stepper Voltage 11,31,51,71,91,111 93.75V 

DI-51 HECPA Stepper Voltage 12,32,52,72,92,112 93.75V 

LI-5~ !IF; CPA Stepper Voltage 13 ,33 ,53 ,73 ,93 ,113 62. 5V 

LI-53 HECPA Stepper Voltage 14,34,54,711,94,114 31.25V 

ri-54 HECPA Stepper Voltage 15,35,55,75,95,115 l2.5V 

::I-55 HECPA Stepper Voltage J6,36,56,76,96,116 8.75V 

:JI-o6 l!ECPA Stepper Voltage l7,37,57,T7,97,l17 6.25V 

DI-57 HECPA Stepper Voltage 18,38,58,78,98,11.9 3.75V 

DI-5S HE':PA Stepper Voltage 19,39,59,79,99,119 2.5V 

DI-59 HE CPA Stepper Voltage 20,40,60,80,100,120 l. 25V 

:UI-c'J HE CPA Ste~per Voltage 0,121 ,122 ,1:23,124,125 
126,127 0 v 

Following mea~;urements carried in ALSEP Word 56 even, SIDE Word 4 and in indicated SIDE Frames. 

DI -61 I HE Data - tt.SD* I All I 0 to 999 decimal 
*}·lSD - l·~ost significnnt daT,a, 

I .. 
Fol2.swir.g measure!llents carried in ALSEP Word 63 even, SIDE Word 5 and in indicated SIDE Frames. 

DI-62 I HE Data - LSD** All 0 to 999 decimal 

**LSD - Least significant data. 

I 
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Symbol 

TABLE 6-XVI.- SUPRATHERMAL ION DETECTOR AND COLD CATHODE 
GAGE LXPERIMENT 1-!EASUREMENTS LIST, AI.SEP 1 - Continued 

Location/Name 3IDE Frwne 

ALSEP 1 

Decimal 
Count 

Following measurements carried in ALSEP Word 15 odi, SIDE Word 6, and in indicated SIDE Frames, bJts 4 to 10 
inclusive.* 

!'1-63 

DI-64 

DI-65 

m-oo 

DI-ciT 

DI-68 
DI-69 

DI-70 
DI-7: 

-------

Grormd Plwl~ Step 

Command Register 

Hod.e Register 

Dust Cover and Seal 

CCGE :ClE>ctro"'!leter Range 

Cal Rate #l 
Cal Rate #2 

Cal Rate #3 

Cal Rate #4 

0,2,4,6,8,10,12,14,16 
18,20,22,24,26,28,30 
32,34,36,38,40,42,44,46,48 
50,52,54,56,58,60,62,64, 
66,68,70,72,74,76,78,80 
82,84,86,88,90,92,94,96, 
98,100,102,l04,106,l08,llO 
112 ,114 ,116 ,118 
1,5,13,17,21,29,33,37,45,49 
53,61,65,69,77,81,85,93,97 
101,109,113,117,125 
3,11,15,19,23,27,31~35,43,47 
51,55,59,63,67,75,79,83,87 
91,95,99 ,107 ,111,115,119 
7,39,71,103 

9,25,41,57,73,89,10) 

120,124 
121 
122,l26 
123,127 

*SIDE Words 1 and 6 measurement content shown below 

D:F-7 SIDE Parity 

DF-8 SIDE Frame ID 

22 121 12° 
A5 JA6 I A7 

In SIDE Word 1 and 6, 
all frames 

In SIDE Word 1 and 6, 
all frames, 

6-25 

24 steps 
0 - ll 
16 - 27 

0 to 15 

0 to 14 

Dust Cover and Seal 
Blown 
Seal Only 
Dust Cover Only 
Reset 
Range #l - 0 
Range #2 - 2 
Range #3 - 3 

_,) 

-1 
-2 
-3 

SIDE Word 4, 5 87DE Word M. 
a 6328oo :!:. l4ooo 2 :!:. 2 

l 

2 

3 

2 :!:. 2 

154 :!:. 4 

19775 :!:. 4oo 

154 :!:. !, 

19775 :!:. 40J 

632800 :!:. l400C 

P Parity 
F Frame JD 

A Data (LSB in A7) 

"l" odd number of ones 
in previous ALSEP frame. 

"J" even number of ones 
in previous ALSEP frame. 

00 even ALSEP frame. 
11 odd ALSEP frame. 



TABLE 6-XVI.- SUPRA THERMAL ION DETECTOR AND COLD CATHODE 
GA<~F EXPEEU!EIIT ~lEASURm!ENTS I.IST, ALSEP l - Continued 

Nominal 
Symbol LocaU on/Name SIDE Frame Value 

ALSEP l 

F'ollowin! rnea•urernents carded in J.LSE~ Word 31 odd, SIDE Word 7 and i~ indicated SIDE Frames. 

Normal Mode Reset @9 Voltage 

DI-72 Velocity Filter Vohage 0 0,60 29.0 'f 

ili-73 Velocity Filter Voltage 1 1,61 26.3 
DI-14 Velocity Filter Voltage 2 2,62 23.8 
lOI-15 Veloclt)' Filter Vol~a;ze 3 3,63 21.4 
DI-76 VeJoci .. 0· Fi!ter Voltage 4 4,64 19.2 
Dl-7' V-c•loci1.,y Filter Voltage 5 5,65 17.1 
:JI-78 Velc.~ity Filter Volta"e 6 6,66 14.5 
Dl-7?1 Veloc:i:.y Filter Voltage 7 7,67 13.3 

J::I-80 Vdocity Filter Voltage 8 8,68 11.6 
I:l-81 Veloclt:~· F'ilt~r V1)ltR.ge 9 9,69 10.0 

DI-62 Velocity Filter Voltage 10 8.59 
DT-83 Velocity Filter Voltage ll 7.30 
:r:-84 Velocity f'ilter Voltage 12 6.40 

DI-55 Velooity !•'ilter Voltal'e 13 :;.13 
DI-86 Velvci.ty Filter Voltage 14 4.25 

D~-87 Velocity Filter Voltage 15 3.50 
Dl-88 Velocity "'ilter Voltage 16 2.89 

DI-59 Velocity Filter Voltage 17 2.41 
DI-90 Velocity l'ilter Voltage 18 2.07 
DI-5d Velocity Filter Voltage 19 1.87 

I;l-92 Velocity FHter Voltage 20 10,70 16.7 
DI-n3 Velocity Filter Voltage 21 11,71 15.2 
DI-94 Velo~ity FLlter Voltage 22 12,72 13.7 

Dl-C)5 Velocity Filter Voltage 23 13,73 12.4 
DI-9f Vel~cit;: ''ilter 'loltage 24 14,74 11.1 
DI-97 Velocity Filler Voltage 25 15,75 9.86 
CI-98 Velocity i'ilter Voltage 26 16,76 8.36 
DI-99 Velocity Filter Voltage 27 17,77 7.66 
DJ-0 Velocity Filter Voltage 28 18,78 6.68 
D,T-1 Velocity Filter Voltage 29 19,79 5.78 
D.J-2 Velocity Filter Voltage 30 4.96 
DJ-3 Velocity Filter Voltage 31 4, 21 
DJ-4 Velocity Filter Voltage 32 3.69 
DJ-5 Velocity Filter Voltage 33 2.96 
DJ-6 Velocity l''ilter Voltage 34 2.45 
DJ-7 Velocity Filter Voltage 35 2.02 

m-8 Velocity Filter Voltage 36 1.67 
JJ-9 Velocity Filter Voltage 37 1.39 
DJ-lG Velocity Filter Voltage 38 1.20 
DJ-ll Velocity Filter Voltage 39 1.08 
m-12 Velocity Filtel· Voltage 40 20,80 9.65 
DJ-13 Velocity Filter Voltage 41 21,81 8. 77 
D.J-14 Velocity Filter Voltage 42 22,82 7.93 
DJ-15 Velocity Filter Voltage 43 23,83 7.14 
D.T-16 Velocity Filte:c Volta,;e 44 24,84 6.39 
DJ-17 Velocity Filter Voltage 45 25,85 5.69 
DJ-18 Velocity Filter Voltage 46 26,86 4.83 
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S nnbol 

DJ-19 
D.J-2C 

DJ-21 
DJ-22 
DJ-?3 

Dcl-?4 
DJ-25 
D,T-26 
D.T-27 

DJ-28 
DJ -;~9 

DJ-30 
Dcl-31 
D.T -32 
DJ-33 
D.~ -34 
D,!-35 
DJ-36 
D,T-37 
DJ-38 
DJ-39 
:JcT-40 
D,T-41 
DJ-4~ 

DJ-1!3 

m-1,4 
n.::-4> 
D.I-~G 

DJ-4c{ 
D,'-48 
DJ-40 
I:J-50 
DJ-51 

DJ-52 
DJ-53 
DJ-54 
DJ-5~ 

DJ-56 
DJ-57 
DJ-58 
DJ-59 
DJ-60 
DJ-61 
DJ-62 

DJ-63 
DJ-64 
m-65 
DJ-66 

TABLE b_:X'll.- SUPRATHERMAL ION DEIECTOR AND COLD CATHODE 
GAGE EXT'ERIMENT MEAf·UREMENTS LIST, ALSEP 1 - Continued 

Nominal 
Location/Nwne SIDE Frame Value 

Normal Mode Reset @2_ Voltage 
Velocity F ilte,- Vol"tage In 27 ,8"1 4.42 v 
Veloc:ty l•'j lter Voltage 48 28,8i! 3.86 
Vl~locity F'.Lltt::r Voltage 49 :9,89 3.34 
VeJocity filter Voltage 50 2.86 
Veloc·ity Filter Voltage 51 2.43 
Velocity I·'ilter ',7oltage )2 2.13 
Velocity Filter Voltage 53 l. 71 
Velocity Filter Voltage 54 l.L2 
Velocity Filter Voltage 55 1.17 
V<:locity Filter Voltage 56 0.963 
Velocity li'ilter Voltage 57 O.d05 
Velocity Fllte:r.- Voltage 58 0.691 
'felocity Filter Voltage 59 0.621; 
Velocity Filter Voltage 60 30,90 5.57 
'Jelocity Filter Voltage 61 31,91 5.06 
Velocity '!"iJtF;r Voltae3e 62 32,92 4. 58 
Velocity F5lter 1/oltaF;e 63 33,93 4.12 
Velocity Filter 'loltr::.ge 6lt 34,94 3.69 
Velocity Filter Voltage 65 35,95 3.29 
Velocity r'ilter Voltage 66 36,96 2.79 
Veloeit,y Filter Voltage 67 37,97 2.55 
Velocity Filter Voltage 68 38.98 2.23 
Velo--::i.ty Filter Voltage 69 39,99 1.93 
Velocity Fil~er Voltage 70 l. 65 
Velocity Fiiter Voltage 71 1.40 
Velocl.ty Filter Voltage 72 1.23 
Velocity vilter Voltage 73 0.987 
VeloC'itJ' Filtc:-r Voltage 74 o.e.n 
Veloc:ity Filter Voltage 75 0.673 
Velor~ity Filter Voltage 76 0.556 
Velocity Filter Voltage 77 0.464 
Velo~ity Filter Voltage 78 0.399 
Velocity Filter Voltage 79 0.360 
Velocity Filt0r Voltage 50 40,100 3.22 
Velocity Filter Voltage 81 41,101 2.92 
Velocity Filter Voltage 82 42,102 2.64 
Velocity filter Voltage 83 43,103 2.38 
Velocity Filter Voltage 84 44,104 2.13 
'le.:i.ocity Filter Vo1tage 85 45,105 1.90 
Velocity Filter Voltage 86 46,106 1.61 
Velocity Filter Voltage 87 47,107 1.47 
Velocity Filter Voltage 88 48,108 1.29 
Velocity Filter Voltage 89 49,109 l.ll 
Velocity Filter Voltage 90 0.954 
Velocity Filter Voltage 91 0.811 
Velocity Filter Voltage 92 0.710 
Velocity Filter Voltage 93 0.570 
Velotity Filter Voltage 94 0.472 
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Svmbol 

D,T--6[ 

D~· -68 

D.J-o:' 
fJ,T-70 

i\T -·1·1 

r,.- ~ ~~ 

L.:" --'{3 

D.T--74 
;::;._~ -75 
De;_ Tt 
l_'.:--77 
D,T-7[~ 

r;,T -7? 
;),T ... 80 
0,7-hl 

C),; --3:? 

~.\T -63 
L1 -34 
DJ-8~ 

:JJ-8c 

;:.J-07 

D~: -88 
'Q,T-89 

::JJ--90 
D.J- )l 

i),i--?2 

~.1--93 

:-·J-9~ 

D.T -56 
i:J--96 

D,l--97 

TABLE 6--X:VI.-- SUPHATHERMAL ION DETEC~'OR liND COLD CATHODE 
r~Al;E EXPE.H1Mt.IIT MJ<-:ASUREMEIITS LIST, ALSEP 1 -- Concluded 

Location/Name 

Velo..!ity 'Filter Voltag~ 

Veloc~ty Filtf'r \f,:>lte.g<e 

Velocity Filter Volta~e 

Velocity Filter Voltap:e 

Velcci ty l'iltFT 'J"oJ bige 

Velocit.;.r Filter Vcltage 

\•eloclty Fi.lter Voltage 

Veloc:.ty Filter Vo:::.tage 

Velo·:-:·~ty Filter Voltage 

Velocity Filter 1 ()}"ta.o;e 

\'t>locity :5'il"ter Voltage 

\ eJ ocit:-' fi.lte:r Voltage 

Velocity ?ilte1· Voltage 

Velocity Filter Vcltage 

'/elocity }'ilter 'loJta~;e 

v~'lo.:.'lty H'i_lter Voltage 

'velocity '!<'ilter VoltagF: 

'lelocitJ' F'i l_ter Voltage 

Velocity fi:ter Voltage 

Velocity Filter Voltage 

rf'lo;;ity Filter Voltage 

Velocity Filter Voltage 

'/elo~ity Filter Voltage 

'.'elscity Filter '•T0Jtage 

Vel'Jcity Filter Voltage 

~/elocit:t Filter ·voltage 

VeJo(~i-t;r Filter Voltage 

\'elccity ~'iltel~ Voltage 

Velc;city Filter Voltage 

'/clocity Filter Voltage 

Velocity Filter Voltage 

SIDE Frame 

Normal Mode 

9'5 
96 
97 
98 
9Y 

100 

101 

102 

103 
104 

105 
106 
107 
108 
109 

110 

111 
112 
113 
114 

115• 
116 

117 
118 
119 
120 
121 

122 
123 
124 

125,126,127 

Beset @9 

50,110 

51,111 
52,112 

53,113 
54,ll4 

55,115 
56,116 

57,117 
58,118 
59,119 

120 
121 
122 
123 
124 

125,126,127 

Nominal 
Value 

Y2}cage 
(.389 
0.321 
0.268 
0.230 

0.208 
1.86 
1.69 
l. 53 
1.37 
1.23 
1.10 
0.930 
0.851 
0."{43 
0.642 

0.551 
0.468 
0.409 
0.329 
0.272 
0.224 
0.185 
0.15~ 

0.133 
0.120 

29.0 
26.3 
23.8 
21.4 
19.2 

>29.0 

AI...SEP l 

"f·ollowing ra~?asurements carried in J'..LGEP Word 47 odd, SIDE Word 8 and in indicated SIDE Frames. 

l:J--98 
D,T--99 
l..rF-0 

DF-1 
Dl·-2 

DF-3 
DF-4 

LECPA ~tepper Voltage 

LECPA Stepper Voltage 

LECPA Stepper Voltage 

LECPA Stepper Voltage 

LECPA ~:-~eppe!' l.'o.ltage 

WEC?A Stepper Voltage 

LECPA Stepper Voltage 

Normal Mode Reset Vel Filter 
@9 

0--19 
20--39 
40--59 
60--79 
80--99 

100--119 
120-127 

0--9,60--69 
10--19,70--79 
20--29,80--89 
30--39,90--99 

40--49,100--109 

50--59,110--119 
120--127 

Voltage 

12.15 v 
4.050 

1.35 
0.450 
0.150 

0.050 
0 v 

collowi.ng measurements carried in ALSEP Word 56 odd, SIDE Word 9 and in indicated SIDE Frames. 

DF--5 LE Data - ~·1SD I All 0 to 999 decimal 

~ollowing measure~ents carried in ALSEP Word 63 odd, SIDE Word 10 and in indicated SIDE Frames. 

DF-6 I LE Data -- LSD I All 0 to 999 decimal 

Two SIDE measurements are included in ALSEP Housekeeping Word 33 

I
~ 

70 
85 l AI-l 

AT-2 

LE Count Rate 
HE Cour.t Rate 

0 - 5.0 Vdc 
0 -- 5.0 Vdc 
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SECTION 7 

DUS~' DE'i'ECTOR SYBSYSTEM 

7 .l SYSUM DESCRIPTION 

The objectives of the iust detector arf• to obtain de..ta for assessment of dust accretion on the 

AISEP and to provide n measu.re of Lhermal jegradation of therma.l t1UT:f'aces. 

Dust accumulation on thE' surfaces of the three solar cells will reduce the- amount of solar 

il1 umirw.tion dPtC<' t.ed by the cells. The outputs of the three solar cells are applied to three 

amplifier3 which condition tbe signals and apply them to three subcom..-nutated analog data chs.nneJ s 

of the data subsystem. 

Temper[~tu.re at each suJar ~·ell, essential to the analysis of cell output datj:j,, is monitcrei by a 

thermistor to obtain thermal d8.ta in relation to dust e.ccret.ior.. The thermistor outputs are applied 

to three subcommutated analog detta channels of the data subsystem. 

The expected temperat·.1re range of each solar eell will be -300°F to +300°F over a lunar ,;:ycJe, and 

the temperature readings will only be usable above +80°F because of calibration difficulties. 

However, during the lunar night -when t.be dust detector will be turned off, the voltage to the 

three temperature sensors (AX.l, AX2, and AX3) will not be turned off, and the output voltages will 

be greater than +5V (betv.teen +5V and +l2V) and will therefore be meaningless. This will occur with 

temperatures below +80°F and will cause the A-D multiplexer to give an all l's readout. 

7-1 



Solar cell 1 
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Figure 7-1.- Dust detector. 
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ALSEP l 
* SECTION 5 

l'A:'SIVE SEISIIIC EXPERIMENT (SO 31) 

8.1 SYSTEM DESCRIP'riON 

The Passive Seismic Zxperiment (PSE) provides data on lunar seismic activity and the properties 
of the lunar i~terior. The PSE does this by monitoring the long-period, low-fre~uency and the 
short-period, high-frequency ent~rgy associated with lunar quakes as well as measuring the direction 

and the dist~~ce to the seismic epicenters. 

Physically, the PSE c0n:.ist:::: of twv pn.rt.s, both included in one package. The long-period instrument, 

which contains three seismometers (one vertical and two horizontal, placed orthogonally to each other), 

measures long-pE:riod, low-freQuency seismic energy with a period of ~;'JC to 0.1 seconds. This instru-

ment measures the diqtanC'e and direC'tion to a seismic quake, as well as the long-term tidal deforma-

tions of the moon. The short-period instrument functions as a velocity transducer which measures 

short-period. ( 5 to J;4 seconds), high-frequAncy (up to 25 cycles per second) seismic energy 

with very high sensitivity. The instrument cor.sists of a moving-magnet mass built so that a trans-
ducer can measure the velocity of the magnet. The displacements and the velocity of these instruments 

are mear;ured, amplified, aid filtered in a series of electronic circuits which produce an output 

signal to the central station data processor. 

When the PSE is deployed by the crew, it must be leveled to within ::_S degrees. Within the instrument 

case, the seismic elements are mounted on gimbals having leveling motors which can level from an 

initial tilt &s great as degreeJ. By using a combir.ation of 11 coarse-level 11 sensors and the 

horizontal seismometers, the PSE can be leveled on command to within 5 arc seconds. 

TABLE 8-I.- PRESET CONDITIONS 

"Preset" is defined as the logic condition initialized by activation of tt.e experiment. 

Lunar Deployment 
Command FUnction Presets To Condition 

031 EXP 1 STilY SEL EXP IN STBY 
063 PSE/XY GAIN CH -30db 
o64 PSE /Z GAIN CH -30db 
06) PSE/SP CAL CH OFF 
o66 PSE/LP CAL CH OFF 
067 PSE/SP GAIN CH -30dt 

070 LVI. MTRX ON/OFF OFF 
071 LVL Ml'RY ON/OFF OFF 
0'?2 LVL MTRZ ON/OFF OFF 
073 UNCAGE ARM/FIRE CAGED 
074 LVL DIR POS/NEG POS 
07'5 L VL SPEED HI/ LO LOvl 

076 PSE T CTL CH AUTO ON 
lOl PSE FILT IN/O!JI' OUT 
102 LVL SNSR IN/OUT OUT 
l03 PSE LVL MDE A/F AUTO 

.... ----- ------

8-l 
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The PSE will normally be leveled using the ATJro leveling mode (refer to Table 8-1 for the pro::.set 

conditions) with tht: forcE>d mode as a back. up method. The (!Carse sensors (utilized only in the 

X andY .'lxes) will 1Je com..rnanded IN for the initial leveJing sequence. Tbe coarse sensors are 

eff'eetivt.~ in the AUTO mane only and Itrovide the X- or Y-axis leveling motor drive signals when 

there exists an r:Jff l0vel eondition greater than 8 m:.nutes of arc. A~. this point the axes' 
tijaJ ~!ntpuL_; provi.Je the 1cV""ling :-notor drive si.gnals to contr0l leveling to the final level 

cond.i t ton. 

FORCEil )lODE 

High Speed 
Low Speed 

AUTOMATI r ~!OI;E 

Coarse Sensor In 
(off level ">8 rr..in of arc) 

Coarse Sensor Out 
( tic'lal output saturated} 

Coarse Sensor r)ut 
(tidal data unsaturated) 

TAB Lee 8-I I.- LEVELING RATES 

X or Y 

152 to 305 ~rad/sec 
5.1 to 17.7 ~rad/sec 

152 to 305 ~rad/sec 

3.8 to 7.6 ~rad/sec 

0 to 3. 8 ~rad/sec 

8-2 

& 

20 to 40 mgal/sec 

.67 to 2.34 mgal/sec 

~{o coarse sensor on Z-ax~~~. 
Use forced mode. 

0. 5 to l. 0 mgal/sec 

G to 1. 0 mgal/sec 
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SECTION 9 ALSEP l 

LUNAR SURFACE MAGNETOMETER EXPERHlENT (SO 34) 

<1 .l SYSTDI DESCRIPTION 

The Lunar Surface Magnetometer (LSM) Experiment provides data pertaining to the magnitude rutd temporal 
variations of the lunar surface equatorial magnetic field vector. The LSM does this by monitoring 
both the de level and time variations of the magnetic field. 

Physically, the LSM c·onr.ists of three magnetic sensors, each mounted in a sensor head located at 
the end of three mutually perpendicular axes. The sensor electronic:-:; assembly converts the inc.::.dent 
magnetic field intensit.y along the ax.es of the respective flux gate :::ensors into analog voltages. 

The axes extend equal d)f;tances above a central structure, the Electronics/Gimbal-Flip Unit. (EGFU), 

which houses both t.he experiment electronics and the gimbal-flip unit. 'l'he experiment electronics 

are further subdivided into three f·..mctional categories: scientific data processing, engineering 

and status d•ta processing, and output data buffer (see Drawing 9.3). The gimbal-flip unit hcusc'S t'oe 

flipper drive motors which provide the motive power for 90 and 180-degree rotation (flipping) of the 
ser.sors and the release n!echanism for the spring-driven 90-degree rotation (gimbaling) of the sensor 

axes. Instrument support and stu.bili ty is achieved via three lu.'1ar support legs attached to the EFGU. 

When the !JSr.I is deployed by the crew., it Must b~ leveled to within ~3 degrees. No command capnti1i ty 

exists in the LSM for level:ing. 

The temperature of the magnetic sensors is monitored and provided as data output. The LSM 
heaters actm=1tion temperature is 35°C (95°F). 
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TABLE 9-I.- PRESET CONDITIONS 
11Preset" is defined as the initialized logic condition 
due to activation of the LSM experiment. 

Lunar 
Command Function Presets To Deployment 

Condition 

043 EXP 2 STBY SEL EXP IN STEY 
123 LSM RANGE STEPS ~400 GAMMA 
124 LSM FLD 0/S CH 0 PERCENT 
125 LSM 0/S ADD CH NEUTRAL 
127 FLIP/CAL INHIB INHIBIT 
131 FLIP/CAL GO NO-GO 
132 LSM FILT Ill/ OUT IN 
133 SITE SURVEY XYZ NO-GO 
134 LSM T CTL XYO X 

-
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,I., FLIP CALIPRA'\'ION Sl·:Q.UENCI·: (~lee Drawing 9.1) 

The purpose of the flip cal sequence is to prevent permanent magnetization of the sensors due to 

ltmar magnf'tic fjelds.. 'T'hP flip ca1 sequenc-e further inserts calibration rasters of known levels 

to provide UtiSC'l i.nf' datn with which to compare 1 unar magnetic fields. 

The flip cal sequenc<' can be initiated by Groun<l Command 131 (FLIP/CAL GO), or by 3.!1 automatically 

generated co!TilllanJ. via tht: Al.SEP timer at lOB hours l minute and every 12 hours thereafter. 

1'he flip cal sequence C!ln be inhibited by means Qf Ground Command 127 (FLIPICAL INHIB), which 

prevents the initiation of the flip cal sequence from either ground command or ALSEP timer generated 

command. 

~rhe sequence, CJnce ini tinted, is completely controlled by the LSM flip cal programer and cannot be 

te'!T!linated by ground command. The sequence is completed in approximately 350 seconds. 

11he programer causes all necessary events to occur in the following order: 

Upcn receipt of the flip cal command, two calibration rasters are applied to all sensors (X, Y, and Z) 

simultaneou:~ly for 160 seconds. (Refer to Drawing 9.1.) The programer then flips all sensors 

sequentially 180 degrees and applies reverse field offset bias to each sensor. Upon corr.pletior::. of 

the flip action of the three ser:sors (30 seconds total, 10 seconds per sensor), the programer applies 

two more calibration rasters to all three sensors simultaneously for 160 seconds. Following the 
last calibration raster, the programer stops the flip cal sequence generator, at which time the LSM 
is in the n0rmaJ scient] fie mode. The result of the flip cal sequence is that the sensors are now 

oriented dlar:etrjcally opposite in direction, with field offset bias of opposite polarity to -:.hat 

prior to the initi1::1.tior~ of the flip cal 3Equcnce. 
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l> ITE SUHV!iY SEQUENCE (Hef'er tc jJrawing 9 .2) 

'l1he site survey sequence is performed upon completion of the first four flip cal sequences and 

will be performed only once during the life of the instrument. The purpose of the site survey 

sequence is to meast1re local accretions of nickel-iron or stony-iron meteoric debris. 

X-axis Site Survey Sequence 
Initiation of Ground Command 133 (Site Survey XYZ) simultaneously applies power to the site survey 

programer ru1d to the flip cal programer. Once the sequence is initiated, it cannot be terminated 

by ground command. The site survey is completed in approximately 630 seconds. 

Upon receipt of tl!e site surv~y command, the programer is sequenced to an idJ.e state. The programer 

then sequences the sensors through a normal flip cal sequence. Upon completion of the flip c~l 

sequence, the programer flips all sensors sequentially so that they are surveying the X-axis and 

applies the X field offset bias to each sensor. On completion of the fl:Lp action, the programer 

places the instrun1ent into X site survey state. Upon completion of site survey, the programer 

sequentially flips all sensors back to the previous position and reverses and reinstates the 
previous field offset bias to each sensor. 

Y axis Site Survey Sequence 

Upon initiation by Ground Command 133, power is simultaneously applied to both the site survey and 

flip cal programers. Site survey cannot be terminated by ground command and completes its sequence 
ln approximately 710 seconds. 

On receipt of the conunand, the programer is sequenced to an idle state. The programer then sequences 
the sensors through a normal flip cal sequence, with one exception: during 'the flip cal sequence 

the Y- and Z-axis sensor assemblies are gimbaled (90-degree longitudinal rotation). Upon completion 

of the flip cal sequence, the programer flips all sensors sequentially 180 degrees and applies reverse 

field offset bias to each sensor. After completion of the 180-degree flip action, the programer 
flips all sensors sequentially so that they are surveying the Y -axis and applies the Y field offset 

bias to each sensor. Jn completion of the flip action, the programer places the instrument into 
Y site survey state. Upon 2ompletion of site survey, the programer sequentially flips all sensors 

back to the previous position and reverses and reinstates the previous field offset bias to each 
sensor. 

Z-axis Site Survey Sequence 

Initiation by Ground Command 133 is identical to the previous site survey initiations. The Z-axis 

site survey completes its sequence in 1070 seconds. Upon receipt of the site survey command, the 

programer is sequenced to an idle state. The programer then sequences the sensors through R normal 

flip cal sequence, with one exception: during the flip cal sequence the X-axis sensor assembly is 

gimbaled (90-degree longitudinal rotation). Upon completion of the flip cal sequence, the programer 
flips all sensors sequentially 180 degrees and applies reverse field offset bias to each sensor. 
On completion of the 18o-degree flip action, the programer again flips all sensors sequentially 
so that they are surveying the Z-axis and applies the Z field offset bias to each sensor. On completion 

of the flip action, the programer places the instrument into Z site survey state. Upon completion 
of site survey, the programer sequentially flips all sensors back to the previous position and reverses 

and reinstates the previous field offset bias to each axis. On completion of sensor reinstatement 

two calibration rasters are applied to all sensors simultaneously. The programer then flips all 

sensors sequentially l8o degrees and applies reverse field offset bias to each sensor. The programer 
then flips all sensors (X, Y, and z) simultaneously 180 degrees and applies simultaneously reverse field 

offset bias to each sensor. Upon completion of the flip action of the three sensors, the programer applies 

two more calibration rasters to all three sensors simultaneously. Following the last calibration raster, 

the programer stops the site survey sequence, at which time the LSM is in the normal scientific mode. 
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* SECTION 10 ALSEP 1 

SOLAR WIND SPEC'rROME:.!'ER EXPERIMEN'r (SO 35) 

10.1 SYSTEM DESChiPTlJN 

The Solar Wind Spectrometer (SWS) Experiment provirtes data pertaining to certab properti~s of the 

solar wind plnsma !lS it exists at thE' lunar surface. It. measures temporal and directional variations 

in the flux and er.ergy of positive ions and electr:Jns that strike tb0 lunar surface. 

The basic sensor in the f~HS is a Faraday cup which measures the cha:cged particle flux by collecting 

these i::ms and usir.g A very sensitive eurrent a.-nplifier to determine the re-sulting current flow. 

'rhe SWS contai,:s ~:even uf these cups arranged in a tmiforn1ly g<~omet~ric fashion that allows flux 

measuremer.tfi tcJ b_' -:.uken above the horizon. 'rhis also allows measurement cf the angular distribution 

cf i..hf-~ ion fJ_ux. One cup ls oriented to face vertically, and the remn.injng sjx cups are arrangPd 

around this Yerti.ca.l cup such that the normals between any two adjacent cups are a't an angle of 

approximately one radia:J.. 

The operation of the SWS in measuring the charged particles of the so..i.ar wi:-1d may be classified into 

five !'unctionai activities. TLese functions are sequencing, sensvr exr;l tation, measurement~ d5.ta 
handling, and powP.r supply. 

The sequenl~in;;; functior. controls internal data handling a.nii ~roces~in~ rrnd generates the internal 

commands for sequenc-ing various data, calibrCLtion, and housE-keeping inputs. The sequencing function 

controls: 

A. Tne preamplifier swj.tch that connects any one, or all, of the preamplifiers to the input of the 

current measurement chain. 

B. The voltage appJ ied by the sensor excitation function to the modulator grids of the sensors to 

select the ?roper polarity and ~~nergy band of particles to be measured. 

C. Solid-state switches so that the gain of the current measuring chain, the magnitude of critical 

voltages, temperatures, a.'1d calibration data f0r the ana.iog-to-digi tal converter can be read 

into the telemetry to check circuit operation ar~d changes in calibration. 

The sensor excitation function is a high-voltage generator which produces a set of discrete de 

yoJtage out:;.uts between approximatel,y -1000 and +8000 V ar..d a set of discrete square wave ac voltages 

with half amplitudes between approximately 5 and 1400 V. Under the control of the sequencing function, 

it applies combinations of these vcltages to the sensor-cup modulator grid in such a way as to coVE'r 

the expActeU. solar wind energy regions for protons and electron:=>. 'I'wo distinct sets of voltages ca.'1 

be se1.ected by a ground coinJ;'land which changes the a.n:.plifier's gain by the factor 1.68. 

The measurement fur~ cT. ion includes the particle sensors, temperature sensors, sun sensor, and signal 

chain. 

The signal chain is a series of electroni~ circuits which amplifies and demodulates the currents 

from the seven sensor eollectors. Ur..der control of ~he sequencing ftmction, it selects the collector 

current to be measured or linearly stuns all seven currents. 

The data handling function acct:-pt.s anal0g measurement data, performs analot-to-digital conversion, 

and provides the d&ta to the ALSEP DSS upon demand. 

The power supply converts th~ ALSEP bus power of 29 V regulated de into the appropriate de voltages 

needed for the SWS. It inc.Ludes a dc-to-ac inverter, rectifier, control circuits and transformer. 

It provides de isolation for the SWS frcm the ALSEP power lines. 

1'he SWS operational heater aotuation temperature is 20°C ( 68°F). 

The S'r'IS is initialized in the low gain mode. To place the instrument in the high gain mode, transmit 

Cmd 122 (SWS CVR GO) three times ·W"ithin 10 seconds. This causes the electron and proton measurement 

voltage levels to increase by a factor of 1.68 over the low gain mode. 

10-1 
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ALSEP 1 

I. Typical words 0-111 and 128-183 ..I 
rFiag •I• Data ·I bits 

.-----Typical words 112-127-----.1 

1-Fiag,.·t··------oata ·I 1 bits 
I. Flag+- Cycle--·~lr-•--Sequence-t-Fiag .. •oolli-1•------ Cycle------•o.ll I . bits count count bits count 

10.3 

Word I I I 27 I ~ I 25 I 24 I 2' I 22 I 21 I 20 I format X X X X X X X 

\. J \ .J \. 
MSB~x LSB MSB _______. LSB MSB -~LSBMSB~ 

~ 
I-

Sequence 
format 

I 

SWS words 0-111 
Proton 

measurements 

I 

SWS words 112-119 SWS words 120-127-· 
E iectrometer A/D conv. cal ib. 

or temp. calibration 

SWS words 128-183-
Word Word 
114 115 
Hq. ..... 

Electron flux CTII CTR 
measurements 

I I ------+--------- ---+-----------1-------------t--- ---------r---...L-
1 Cups I I I 
1suM 1 2 3 4 s 6 7 1 I I 

1 
Detailed 
sequence 2 
fOI'IIIt 

3 

Word Word I I 
0 I 2 3 4 5 6 7 I I OY-1 OY-1 I I 
I ' \o II 12 IS 14 15 I I 

DY-t DY-16 I I 
I Cups I 16 17 II II 20 21 ~ 2S Cup I suM I 1 2 3 4 5 6 7 

levels Word Word 
4 24 25 a 27 21 21 so Sl 15 121 129 ISO 131 132 ISS 134 m 

OZ-17 01•&4 

5 32 , 34 35 • 37 31 " 16 136 U7 131 lSI 140 141 142 143 
OZ-25 0 %-

Even seqs. 
6 40 41 42 43 .. 45 46 47 A 17 144 145 146 147 141 149 150 151 

Cup. 7 levels 

8 

Word WOftD WOld WOld WOld Word 
112 to 100 sv tV • ... ... 120 127 114 115 41 49 50 51 52 53 54 55 llol'l loiV loiV - .. v tv 152 153 154 155 156 157 151 Ul 

OW·3 DW-4 OW-5 DW-6 OW-7 ow-o ow-• OW-1 
Suoo c., c., 't" c., Cull c., Cup OW-l DW-2 

T-. T ...... T-. c., Sun Ptoc. Stop ~~· I 2 4 5 ' 7 
56 57 5I " 60 61 62 u -· -· ..... - · ... "' v. .... DW-19 DW-20 OW-21 IIW-22 DW-23 DW-24 DW-25 DW-26 160 161 162 IU 164 165 166 167. 

100 200 300 IR,_Of': v. Mon . 27 21 21 so Sl S2 , 34 
DW-11 OW-12 DW-IS DW-14 jow-ls·j OW-16 OW-17 OW-II S5 • )7 31 39 40 41 42 

43 .. 45 .46 47 41 49 50 

9 64 55 66 67 .. " 70 71 v 20 161 169 170 171 In 173 174 175 

Odd seqs. 
Word Word 

10 72 n 74 75 7C n 71 79 21 176 In 171 179 110 Ill 112 IU 

~--· oz-n 

11 10 II 12 a 14 15 .. 17 I I 
I I 
I I 

12 • • to II 12 93 94 95 I I ov-•• DY-t& I I 
13 

14 

• 97 91 " 100 101 102 103 I I 
Dl•t DZ-1 I I 
Word Word I I 104 105 101 107 101 101 110 Ill I oa-• ot-.. I 

--------.------------t-
1 Seqs. 0-15 1 
I except in seq. 14 1 

V1rlat.lons in 1
1 

DC HI V cals. in I 

sequence "sum"slots. (OW-51-
format I DW-64 ) In seq. 15 I 

I AC HI V cals. In "sum" I 
I slots (DW-72-DW-85) I 

--------~------------L-----------~----1 I I 
SWS words 112-119 1 Current calib. 1 Seqs. 0-15 1 
A/ D conv. calib. in 1 Seq. 0,4,8, 12 0 amps I except in seq. 14 I 
even seqs. Seq. 1,5,9,13 5.76 x lo-12 amps. DC Hi V cals. In 
Temps. andSWS I Seq. 2,6,10,14 5.76X 10-11 amps. I "sum"slots. (DW-65- I 
nousekeepingdata 

1
seq. 3,7,11,15 5.76Xl0-9 amps.! DW-7Uinseq. 15 I 

in odd seqs. 1 AC HI V cals. In "sum" I· ! 1 slots (DW-86-DW-92) 1 

TABLE 10-I • - SWS TELEMETRY FORMAT 

Notes: 

1. Sequence count advances 
one count per sequence 
from 0 thru 15 • 

2. Cycle count advances 
one count every 16 
sequences. 

3. 1 sequence= 28.065 sees. 
4. 16 sequences• 449.045 sec1..• 

1 SWS cycle. 
S. Total cycle counts,.Sl0.9 hrs. 

.J 
LSB 
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11.1 

" 

SYSTE!-1 DESCRIPTICN 

SECTION ll 

S1JPRA'>HERMAL ION DETECTOR EXPERIMENT/COLD 
CATt!ODE GAGE EXPERIMENT (SO 36) 

ALSEP 1 

The Suprathermal Ion Detector F~periment (SIDE) will provide data pertaining to the density ani the 

temperature of the lun~:~.r ionosphere as it exists near the lunar surface. SI:JE measurements lncJude 
ion counts as well as measurement of "the velocity and the energy aesocl&.ted with the detected particles, 

The Cold Cathod·e Gage Experiment ( CCGE) will determine the neutral particle density at the lunar 

surface and any variationr. in that density associated with solar activity. Specifically, the CCGE 

will measure the density and temperature of the lunar enviro~~ent, from which pressure is derived. 

The 1ow-energy particle sensor used in the SIDE ha.s a velocity filter composed of crossed electri~ 

and magnetic fiel is followed by a lov-ener~y curved plate analyzer. 7he velocity filter passes ions 

-,..Ttth proper velocitie;:;, and the lo·..r-energy curved plate analyzer passes ions with the proper enc:rgy. 

The particles that pass "through the curved plate analyzer are detected Wld counted. The velocity 

filter selec·:s ions with velocities ranging from 4 x 104 to 9.35 x 106 em/sec. The low-energy curved 
plate analyzer covers an energy range of 0.? to 1,8,6 eV per unit charge, The instrument also contains 

a high-energy curved plate analy:.er without a velocity filter that detects and counts solar wind 

particles in the range ~rom 10 to 3500 eV per unit charge. 

In order to overcome electric fields thnt may be present at the lunar surface, the instrument rests 

on a ground plane. This ground plane consists of a wire mesh which is spread out on the 1·.mar surface 

by the crew111an, A power supply in the instrument applies voltage between the in8trument electronics 

and the grotmd plane to investigate and overcome any electric field effects. 

The velocity filter, low-energy curved plate analyzer, high energy curved plate analyzer, and ground 

plane voltages are controlled in steps by the SIDE ti.ming and SIDE frame counter circuits to allow 

measurements of particle velocity and energy within the given ranges. Relative values of these functions 

with respect to SIDE frame number are shown in Figures l1-2 through 11-5. 

The CCGE: consists of a CoJ:d· Cathcde .. cion:,:.Gage .. (CGTGj .. and .J,.ts .... as·sociated -electronics. These are mounted 

in the same package as tbe Suprathermal Ion Detector Experiment during the flight to the moon. When 

the cre''lll'm deploys the package, he removes tbe CCIG and places it a fell .. feet. .. awey ... .i'rom tliif''S!DE. An 

electrical cable connects the CCIG to the SIDE. Tl.e ion gage produces an electrical current that 

i~ proportional to the measured pressure over the desired pressure ra~ge of 10-6 torr to lo-12 torr. 

This current is amplified and read out as the experim~nt scientific data. 

Upon deplo~nent by the crew, the SIDE is to be leveled within ~5 degrees. No command capability 

exists in the SIDE to command leveling. 

The SIDE bea-cer actuation temperature is 0° ~8°C ( 32°F), 

ll-1 



'l'ABL;; 11-I.- SIDE/CCGE PRESET CONDITIONS 

Activation will cause the following functions to be preset: 

Velocity Filter Voltage to ON 

HEt;PA I!lgh Voltage to ON 

Li·:CL4 High Vel tage to ON 

Channeltron High Voltage to ON 

CCIG High Voltage to ON 

Resets all Command Flip-Flops 

Resets SIDE Frame Counter 
Resets VPlocity Filter Counter 

Resets J!ECPA Counter 

Resets LECPA Counter 

r\esets Ground Plane Counter, 
Step Programer m; 
Cause" Norn:al Mode ( 12e SIDE Fre_mes cycle) 
to h:~ Ol'.tputted, XJO Accunr;;...Laticn OF'F 

NOT~ 

"Pre.:set" is def'ined as logic con-
dition due to activation of sub-
system. 

TAhLi', ll-II.- GROUND PL.O.NJi: STEPPER SEQUENCE 

SIDE/CCGE 
DI-63 

Ground Plane 
Cycle Num_!!er _ ___Qtep R~_!!_clj.ng_ 

0 

1 

2 

6 

7 
8 

9 
10 

11 

J.2 

13 
14 
15 
l6 

n 
lcl 

19 
20 
21 
22 

23 
0 

~ 
23 

0 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 
11 

16 
17 
18 
19 
2~ 

21 
22 

23 
24 
25 
26 

27 
0 

27 

11-2 

DI-ll 
Ground Plane 
Volt...:e (volts) 

0 

+0.6 
+1.2 
+1.8 
+2.4 
+3.6 
+5.4 
+7.8 

+10.2 
+16.2 
+19.8 
+27.6 

0 

-0.6 
-1.2 
-1.8 
-2.4 
-3.6 
-5.4 
-7.8 

-10.2 
-16.2 
-19.8 
-27.6 

0 

.j, 
-27.6 

ALSEP l 



Telemetry Point 
VOLTAGES 

\OJ.- !+', V ANALOG) 
YW( (+II. 5 KV) 

Dil) (+60 V) 
Dil4 (+30 V) 
DT15 ( +'J V !JI,~ITAL) 

DU6 (GNI>) 
Dil7 (-5 V) 

Dll8 (-30 V) 
DI<'O (-3.5 KV) 
Dl2l (+l V CAL) 
DI:-'2 ( + ju ~1V CAY.) 

Dl23 (+A/D REF) 
DI25 (-A/D REF) 
DI26 (-l V CAL) 
DI27 (-12 V CAL) 
DI28 (+12 V) 
DI30 (-:;u ~CAL) 

TEMPERATURES 
DI4 ( 1-CC1G) 

ri~ (,2-200 BLIVET) 

DT<i ( 3-5~0 BLIVET) 
D:'.' (!1-JUU FLIVET) 
DilO ( 5-300 BLIVET) 
Dll9 (6-800 BLIVET) 

DATA & MISC 

DF29 (OTC REG) 
SI 3 ( CCGE SCI) 
Lit \CCGF RNG) 
Dill (GND PLN VOLT) 
DI12 (SOLAR CELL) 
DI21J (DST CVR/SEAL) 
DI2o (PRE REG D/F) 

ALSEP l 

SIDE 
Frame 

0 

0 
8 

2 

4 
6 

1,3,5,7,9 
10 

TABLE 11-III.- SIDE WORD TWO TELEMETRY 

Reset SIDE 
Frame Counter 

at 10 

132 

16 

17 
18 
19 
20 
21 
23 
27 
25 
26 
30 
37 
39 
28 

34 
36 
38 
ll 

12 
22 

33,35 

24 
13,15,29,31 
14 

NOTE 

Reset SIDE 
Frame Counter 

at 39 

64 
40,72 
48 
49 
50 
51 
52 
53 
55 
59 
57 
58 
62 

6o 
46 

66 
68 
70 
43,75 
44,76 
54 

41,73 
42,56,74 
45,47,61,63,69,77,79 
78 
67,71 

65 

SIDE turn-on will initialize all command registers to their 
preset state. TM parameters DF-29 (SIDE 0/T CMS LOAD), 
DI-24 (SIDE/A CVR/S STA), and DI-66 (SIDE/D CVR/S STA) will 
indicate PRESET. The first transmission of any command 
sequence containing commands 105 and 110) after turn-on, 
will cause DF-29, DI-24, and DI-66 to indicate that the 
seal has been broken. The first transmission of any command 
sequence containing commands 107 and 110, after turn-on, 
will cause DF-29, DI-24, DI-66 to indicate that the dust 
cover has been removed. Seal break circuit activation 
causes no additional power demand. However, the dust 
cover circuit activation will cause an increase in power 
demand of 6 watts. The SIDE operational heater power is 
interrupted during the dust cover circuit activation time 
(approximately 2.5 seconds) to prevent SIDE circuit breaker 
CB-09 from actuating. Further transmission of command 
sequences containing commands 105 and 107 will have no 
effect on the seal break circuit, dust cover removal cir-
cuit, or TM parameters DF-29, DI-24, and DI-66. (Refer to 
Figure ll-1. ) 

ll-3 

Reset SIDE 
Frame Counter 

at 79 

96 
104 
80,112 
81,113 
82,1111 
83,115 
84,116 
85,117 
87,119 
91 
89 
90 
o4 
101 
103 
92 
no 

98 
100 

102 
107 
108 
86,118 

97,9CJ 
105,121-127 
88,106,L'Il 

93,95 ,109,111 
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Remove l9 dust 
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circuit such that any SIDE command containing octal t-+-+-+-t--H~-+-+-+-+++++++++++++++++·H--+-+-+-+-+-+-H-+HHHH--H 
107 and 110 (refer to note, page 5-23) sent after 
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dust 1 
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Figure 11-1.- SIDE/CCGE power profile. 
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13.29 sec 
RESET SIDE FRAME COUNTER AT 10 

Figure 11-3.- Programed sensor voltage variations (reset at 10). 
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Figure 11-5.- Programed sensor voltage variations (reset at 9). 
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