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!NTRODUCTION 

The Apollo Lun ar Surface Experiments ?ackage {ALSEP) v.ilJ. be used to obtain 
long - term s cientific measurements of various phy sic al and e:.1viror.mcntal 
?roperties of the Moon consi stent w ith the scientific .:bj'!ctives of the Apollo 
Pr,gr am . The ALSEP comprises scie11t' .f�c experiment r,re:ckages with supporting 
sub sy stems. ALSEP will b e  tr ansported to the .L:mar surface aboard the Apollo 
Lunar Module (LM). The ALSEP •,ill remain o'1. the h.n:u surf ac e  afte r th e 
return of the ast ronauts and will tran$ mit s<.!entific and engineering data to the 
Manned Space Flight Network (MSFN). 

The purpose of f:he ALSEP Flight System Familiarization Manual is to familiarize 
the reader wi�h the scientific objectives of .A.LSEP, �quipment ma'ke-up, system. 
deployment, and operation. '!his manual de s c ri b e s  the AI .. SEF' mission and 
s ystem in Section I, subs y st ern s in Section 1!, ma.intenance in Section III, and 
operati ons in Section IV. Supplementary command and measurement data are 
provided in the Appen di ce s . ALSEP Flight Z subpackages have been used in the 
Early ApoUo Scientifi, Experiments Package lEASEP) Prog.r.am . Cons equently, 
any l'eference to Flight Z in thb manual i3 no longer applicable. 

The information containt:d in this revision of the ALSEP Flight Sya: . .Jm Familiari­
zation Manua: includes formalh:ed data released and available prior l:o the publi­
cation date, 15 April 1 969 • 

. . . ix 
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SECTION l 

ALSEP MISSION DESCRIPTION 

1- 1 • .  ALSEP MISSION INTRODUCTION 

The Apollo Lunar Surface Experiments Package (ALSEP) is a group of sci�ntific 
experiment and support subsystems which will be deployed on the surface of the 
Moon by the Apollo crewmen. The ALSEP will measure lunar physical and en­
vironmental characteristics and transmit the data to receiving stations on Earth. 
This data will be used to derive information on the composition and structure of 
the lunar body, magnetic field, atmor.phere, and the solar wind. 

1- z. ALSEP MISSION PROF!._ :! 

The ALSEP will be transported from Earth to the Moon in the Apollo spacecraft 
manned by three crewmen. The Apollo spacecraft consists of three basic mrJfj­
ules; the service module (SM), ·command module (CM), and lunar module (LM). 
The ALSEP subpackages will be mounted in the scientific equipment (SEQ) bay of 
the LM, and the fuel cask will be mounted adjacent to the SEQ on the extcri<.Jl· rJf 
the LM as shown in Figure 1 - 1. 

A Saturn V launch vehicle will place the Apollo spacecraft in lunar arbit. Tw(o� 
crewmen will transfer from, the CM to the LM for lunar descent. The third crew­
man will maintain the command and service module colTtbination (CS.M.) in lunar 
orbit. The LM will be separated fr�m the CSM and be piloted to a preselected 
landing site on the lunar surface. 

After landing, the .::rewmen will extract the ALSEP from the LM, deploy the in­
struments and subsystems. and activate the po�er subsystem. They will then 
verify with MSFN that the receiving, processing, and power supply subsystems 
are operable. T!1e crewmen will collect �samples of the lunar surface using the 
Apollo lunar hand tools (ALHT} and return to the LM. 

The LM will be launched from the lunar surface to rendezvous with the CSM in 
lunar or� , t, The two crewmen will transfer from the LM to the CSM·, jP.ttison the 
LM in lunar orbit. and initiate the CSM transEarth maneuver. The SM will be 
jettisoned before re-entry and the three crewmen will re-enter the Earth atmos­
phe�·e and land in the CM, 

The ALSEP, on the lunar surface, is controlled by ground command from the 
manned space flight network (MSFN).  Commands from Earth and automatically 
generated commands will direct ALSEP operation. 

· 

1- 1 
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1-3. ALSEP MISSION OBJECTIVES 

Major objec tives of lunar exp1oration inc lude deter mination of: 
a. The str uctur e and state of the lunar inter ior 
b. The composition and struc tur e of the lunar sur face and modify ing pr oce sses. 
c .  The ev olu tionar y sequence of events lead ing to the pr esent lunar c on figur a­

tion. 

To initiate par tial attainment of these ob je ctiv es the ALSEP inc ludes eight e x­
per iments in vary ing c omb inations to me asur e a number of geophysical char ac ­
ter istics. The var ious physic al and env ir onmental pr oper ties to be me asur ed, 
applic ab le e xper iment, and method of measur e ment are listed in Table 1-1. 

1 - 4.  ALSEP SYSTEM DESCRIPTION 

The ALSEP is a s elf-contained package of scientific instruments and suppor ting 
subsys tems desig ned to acquire lunar physical ca.nd env ironm_ental data and trans ­
mit the informa tion to Earth .  The ALSEP i s  deployed o n  the lunar surface by the 
Apollo cr ewmen a s  describ i in Section IV of this manual. Different configura­
tions of the ALSEP will be used on the different Apollo flights as  specified in 
Table 1-2.. 

1-5. ALSEP PHYSICAL DESCRIPTION 

The ALSEP consis ts of the following subsystems: 
a. Structure /thermal subsyste m  
b .  Electrical power subsystem 
c. Data subsystem 
d. Apollo lunar hand tools 
e .  E1ght experiment subsys tems in varying combinations o f  four each for four 

s eparate fligh.ts as presented in Table 1-2.. 

The expedment and support. subsystems of the ALSEP system are mounted in two 
subpackages as  shown in Figure 1-1 for s tor age and transportation in the LM. 
TI1e fuel cask (part of the electr ical power subsystem) is attached to the LM . 

Subpackage. No, 1 for Flights 1 and 2 consists o f  the central station (data sub­
system, power conditioning unit, and experiment electronics ), the antenna , the 
pas sive se ismic (PSE), magnetometer (ME), and solu· wind (SWE) experiments 
a s  shown in Figure 1-2. · Subpackage No . 2 for Flights 1, 2, .and 4 consists of the 
radioisotope thermoelectr ic . g enerator (R TG),  suprathermal ion detector experi­
ment (SIDE), Apollo lunar hand tools (ALHT), handling tool s ,  and the antenna 
mast  a s  shown in Figure 1-3. Similar configurations of the subpackages incor- i 
porating different combinations of  experiments as  shown in Figure 1-4, 1-5, lind 
1-6 will be employed in Flights 3 and 4. The ALSEP Flight 1 packages ,  including 
fuel capsule and cask, weigh approximately 282. pounds and, excluding the fuel 
capsule and cask, occupy approximately 15 cubic feet.  

,n: ...... . . 
. . . 

. .. � .. 
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Table 1-1. ALS..:P Scientific Objectives 

Measurement Objective 

Natural sei smology (meteoroid 
im pacts and moonquakes ). 
Prope rties of lunar i nterior 
(exis tence of core, mantle) 

Magnetic fie ld and its tem ­
poral variations at the lunar 
surface.  

Interacti on of  solar wind and 
Moon ( temporal, s pectral, 
and directional characteris ti c s ). 

Lunar ionosphere posith.ce i on 
detection, ( flux, energy, and 
velocity of pos itive ions). Also 
pressure of lunar atmosphere 
and'rate los s  of contaminants 
left by  astronauts and the LM. 

Physical properties  of lunar 
materials at shallow depths 
(elastic properties of lunar 
near-surface materials ). 

Rate of heat flow through lunar sur­
face that, together with information 
from other sources, w ill refine hy­
potheses concerning: 

a. the physical and chemical com­
·position of the. lunar surface, I b. the thermal distribution of the 
Moon. 

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

d. the thermal histor of the Moon. 

Experi ment/ Measurement Method 

Pas s ive Sei smic Experiment - Uses 
th:ee long period sensors in an 
orthogonal arrangement and one 
vertical short period sensor. 

Magnetometer Experiment - Uses 
tri -axis flux-gate magnetomete r ins tru 
ment. Three boom s ,  each with flux­
gate s ensors ,  are separated  to form 
a rectangular coordinate sys tem and 
gimballed to allow alignment in par ­
a llel or orthogonal configurations . 

Sola r  Wind Experiment - Detects 
and monitors  particles using exposed  
collection cups ( sensors). 

Suprathermal Ion Detector Experiment­
Detects .pos itive ions in lunar iono­
s phere and thermalize d solar  win d  
using a curved plate analyzer a �J  de­
tector device . Velocity selector 
1analyzer used to determine partic le 
velocities and energies .  Cold cathode 
ion gauge i s  used to determine 
density of lunar .atn\osphere . 

Active Seismic Experiment - Uses  
artificial s ei smic en�rgy s �urces  
(grenade launcher as sembly and 
thumper device) and detection equip­
ment (geophones and amplifiers). 

Heat Flow Experiment - Uses two 
heat flow probe assemblies ,  em ­
placed in  lunar crust. Probes con­
tain temperature sensors and heating 
elements. 
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Table 1 - 1. A LSEP Scienti fi c  Objective s ( c ont) 

Mea s yrement Objective Expe rime nt / Me a s urement Method 

Compos ition of luna r atmosphere Charged - Particle Lunar Envir onment 
( e lectron/ proton e ne rgie s )  Expe rime nt - De tects and monitors 

partic le ene rgy leve ls using two 
s e nsor a s s e mbli e s  (analyze r s )  . 

Pr e s s ure of ambient luna r atmos - Cold Cathode Gauge Experiment -
phe r e  inc luding te mporal varia- Sens e s  lunar atmos phe ric density 
tions eithe r  r a ndom or as s ociated variations using a transducer to 
with lunar local  time or s olar e ffect c onve r s ion of particle quan-
activity. tity to dir ec t  cu rrent. 

Table 1-2. A LSEP Experiment Subsyste m  Flight A s s i g nme nts 

Experim e nt Flights 1 and 2 Flight 3 Flight 4 

Pa s si ve sei smic X X X 

Magnetom eter X .. 

S olar wind X 

Suprathermal ion detector X X 

Active seismic X 

Heat flow X 

Charged partic le. lunar X X 
environment 

Cold cathode gauge X 

1-S 
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1-6. ALSEP FUNCTIONAL DESCRIPTION 

The ALSEP objective of obtaining lunar phys ical and environmental data is accom­
plished through employment of the var ious experiment combinations, the support­
ing subsystems , and the manned space flight networ k (MSFN). 

The MSFN stations, s uch as those at Goldstone California, Carnarvon and Canber r a  
Au stralia, Ascension Island, Hawaii, Guam, Madr id Spain, and KSC Florida,are 
the Earth terminals for ALSEP communications.  Mis sion Control Center (MCC) 
participates in the network for activation of the experiments, initial calibration se­
quences, and for the duration of the mi ssion. Communications consi st of an uplink 
(Earth-Moon) for command tran s mi s sions to control the ALSEP functions, and a 
downlink (Moon-Earth) for transmi ssion of scientific experimex; and engineering 
housekeeping data. The MSFN stations will record the downlink data. 

) As many as thr ee separ ate ALSEP s ystems may be oper ating on the .Moon simul­
taneously. The downlink telemetr y of each of these will operate at a differ ent fre­
quency (2278. 5 MHz, 2276. 5 MHz, 22 75. 5 MHz, or 22 79. 5 MHz). The uplink 
fr equency for all systems is 2119 MHz. The command format addresses each 
ALSEP specifically, precluding inadver tent activation of the other systems . 

• . 

The functional operation of ALSEP is illustrated in Figur e 1- 7. The following 
paragraphs describe the function, on a sy stem l evel , of the ALSEP s uJ:>systems. 

1-7. Structur e I Ther mal Sub system. The str uctur e/thermal s ubsystem provides 
str uctural integr ity and thermal protection of the ALSEP equipment and LM in 
transport and in the lunar environment(-300°F to +250°F). This includes packag­
ing, s tructural support, and isolation from heat, cold, shock, and v ibration . A 
dust detector monitor s accumulation of lunar dust. 

1-8. Electr ical Powe r Subsys tem. The electr ical power subsystem gener ates 63 

to 74 watts of electr ical power for operation of the ALSEP �>ys tem. The power is 
developed by a 'ther mopile system which is heated by a r adioisotope fuel capsule. 
The power is r egulated, converted to the requir ed voltage l evels ,  and supplied to 
the data s ubsystem for distr'bution to the support and exper iment sub sy stems . 
Analog housekeeping data fr on. the electrical powe r  s ystem is supplied to the data 
subsystem for downlink telemetry. 

· · 

·I- 9. Data Subsystem. The data subsystem r eceives,  decod e s ,  and applies dis­
crete logic commands from the MSFN to the deployed units of ALSEP. These 
commands are used to perfo.rm power switching , ther .. �1 control, operating mode 
change s  and experiment control. The data subsystem ac cepts and proces ses sci­
entific data from the experiments , engb1eering status data from itself and all the 
subsys tems, and transmits the data to the MSFN r eceiving stations. The data 
subsystem also performs the function of switching and distributing operating power 
to the experiment and support sub systems. 
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1-10. Passive Seismic Experiment Sub�ystem. The passive seismic exper in1cnt (-:: 
(PSE) will measure seismic activ ity of the Moon to obtain information regarding 
the physical properties of the lunar crust and interior. Seismic energy is 
expected to be produced in the lunar surface by meteoroid impacts and tectonic 
disturbances. 

The seismic activity is measured by long period and short period seismometers 
which monitor the displacement of inertial masses from a zero position relative 
to sensitive transducers. 

1- 1 1. Magnetometer Experiment Subsystem. The magnetometer experiment (ME) 
will provide data pertaining to the rnagnetic ·field at the lunar surface by measur­
ing the magnitude and temporal v ariations of the lunar surface equatorial vector 
magnetic field. Electromagnetic disturbances originating in the solar wind 
and subsurface magnetic material near the magnetometer site will also· be 
detected. 

1- 12. Solar Wind Experiment Subsystem. The solar wind exp�riment (SWE) will 
measure energies, densities, incidence angles, and temporal variations of the 
electron and proton components of the solar wind plasma at the lunar surface. It 
will use an array of seven modified Faraday cups to measure these properties. 

1-13. Suprathermal Ion Detector Experiment Subsystem. The suprathermal ion 
detector experiment (SID:J!;) in conjunction with a cold cathode ion gauge (CCIG) 
will provide data pertaining to the ,'density and t emperature of the ionosphere near 
the lunar surface, and the neutral particle densit·r at the lunar surface. The SIDE 
counts and measures the velocity and energy of de:·ected ions. The CCIG measures 
the density of neutral particles at known gauge temperatures to determine the 
pressure of the ambient lunar atmosphere. 

1- 14. Active Seismic Experiment Subsystem. The active seismic experiment sub­
system (ASE) will provide data pertaining to the physical properties, structure, 
elasticity, and bearing strength of lunar surfac€: and near surface materials by 
measuring velocity of propagation, frequency spectra, and attenuation of seismic 
compression waves through the lunar surface. 

The ASE provides a controlled seismic lunar exploration us:ng artificially pro­
duced seismic energy of known distances, charge sizes, and timing. It also pro­
vides a means of lunar seismic exploration in the event the Moon should be natur­
ally seismically inert and s�ismic activity cannot be registered by passive seis­
mometers. 

1- 15. Heat Flow Experiment Subsystem. The heat flow experiment (HFE) will 
provide data pertaining to the structur.e, possible stratification, and heat balance 
of subsurface materials by measuring the net outward heat flux ft·om the interior 
of the Moon, thermal conductivity and diffusivity of lunar surface material, and 
heat fluctuations at the lunar surface. 
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Two, two -section probe s with heat sensors and a heater a t  eac·h end of each sec ­
tion are use d  in conjunction with the HFE electroni cs package to m easure abs o ­
lute and differential tempe ratures and thermal conductivity o f  the lunar material. 
The p robes are inse rted into holes bored three meters deep into the lunar s ur ­
face b y  the astronaut u sing the Apollo lunar surface drill (ALSD ). The heate r s 
produce a heat pulse at a known distance from a sens or.  Afte r an interval of time, 
the sensor receives the pulse. By determining the time required for the pulse to 
reach the sensor, the neat conductivity of the luna r subsurface can be calculated. 

1 - 16.  Charged Particle Lunar Envi ronment Expe riment Subs ystem. The charged 
particle lunar environment experiment (CPLEE) will p rovide data pertaining to 
the solar wind, solar cosmic rays and other particle phenomena by measuring 
the energy distribution and time variations o f  the proton and electron fluxes at 
the lunar surface.  It employs two particle detectors (analyzers ) oriented  in 
diffe rent directions for evaluating dire ctional effects . 

1 - 1 7. Cold Cathode Gauge Experiment. The cold cathode gauge experiment 
( CC GE) will provide data pertaining to the density of the lunar am bient atmos ­
phere,  including temporal variations, and the rate of los s of c ontamination left 
in the landing area by  the astronauts and the LM. 

The CCGE uses a trans ducer,  powered by a 4000-volt pow e r  s upply, to detect the 
density of particles of the ambient atmosphe re and develop a p1· oportional direct 
cur rent signal which i s  converted from analog to digital data for downlink trans ­
mis sion. 

1 - 1 8. Apollo Lunar Hand Tools Subs ystem. The Apollo lunar hand t ools (ALHT) 
will contribute to the overall geophysical exploration of the Moon by facilitating 
the location, collection, measurement, and removal of representative s amples of 
the lunar surface.  The samples collec ted  will be stowed in special c ontainers and 
transported to Earth for examination and study. 

1 - 1 9. Apollo Lunar Surface Dri ll. The Apollo lunar surfac e  drill (ALSD) will 
provide data on the physical pr opertie s of the lunar surface and subsurface mater ­
ials by extraction of cores  obtained while b_oring emplacement hole s for the HFE 
p robes .  The A LS D will be used to bore two holes three meters deep with a diam ­
eter of 2. 54 to 2 .  86 centimeter s .  Cores produced from the· holes will have a 
minimum diam eter of 1 .  27 centimeters and a minimum s olid length of 2. 54 centi ­
nJeters . 

1 - 2 0 .  ALSEP PRINCIPAL INVESTIGATORS 

Each ALSEP experim ent has been designed by a principal investigator ( PI ) ,  in 
s ome cas es in conjunction with one or more co-investigators . The inve s tigators,  
identified by experim ent, and whether the experiment is  government furni shed 
equipment ( GFE) or contractor furnished equipment ( CFE ) are li sted on 
Table 1 - 3 .  

1 - 19 



I 
A LSEP- MT- 03 

Table 1 - 3. ALSEP Principal Investi gators 

GFE 
Expe riment or Principal Inve stigato r  and 

C FE Co -Inve stigators 

Pas s ive s ei smic CFE Dr. Gary Latham -

Lar.1ount Geological Obse rvatory 
Dr. George Sutton -

Univers ity of Hawaii 
Dr. Frank Pre s s  -

Mas sachusetts Institute of Tech-
no logy 

Dr.  Maurice  Ewing -

Columbia University 

i ) Magnetometer GFE Dr.  Charle s  P. Sonett -
NASA-Ames Research Cente r 

Dr .  Jerry Modi sette -
Mc..nne d  Spacecraft Cente r  

Solar wind GFE Dr . Conway W. Snyder -
Jet Propulsion Laboratory 

Dr. Douglas Clay -
Jet Propulsion Laboratory 

Mr s .  Ma rcia, Neugebauer -
Jet Propulsion Laboratory 

Supratherrnal i on detector GFE Dr. John Freeman -
Cold cathode ion ga uge Rice University 

' 

Dr. Francis Johns on -
Southwest Center for Advanced  
Studi� s  

. .  

Mr. Dallas Evans -
NASA-Manned Spacecraft Cente r 

Active seismic CFE Dr. Robert Kovach -
Stanford Unive rsity 

(Thumper ) Dr. Joel Watkins -
Mas sachusetts Institute of Tech-
no logy 

Heat flow CFE Dr. Marcus" a. Langseth -

' 
Columbia University 

Dr. Sidney Clarke -
Yale Univer sity 

Dr . M. Eugene Simmons -
Mas sachus etts Ins titute of Tech -
no logy 
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Table 1 - 3. ALSEP Principal Investigato rs (contl 

GFE 
Expe riment or Principal Investigator and 

CFE Co -Inve stigator s  
-

Charged partic le lunar CFE Dr. B rian J, O'Brien -
environment Rice University 

Cold cathode gauge GFE Dr • Francis Johnson -
Southwest Center for Advance d  
Studies 

Mr. Dallas Evans -

NASA-Manned Spacecraft Center 
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SECTION I I  

ALSEP SUBSYSTEM DESCRIPTION 

2 - 1 .  ALSEP S UBSYSTEM INTRODUCTION 

Thi s s ection de s c ribe s the thi rteen (eight expe riment and five support) subsys ­
tern s which comprise the total ALSEP system . A lis ting of the subsystem s 
follow s :  

a .  Structure / the rmal subsystem 
b. Ele c trical power subs ystem ( EPS) 
c .  Data subsystem ( DS/ S) 
d. Pas sive seismic expe riment subsystem ( PSE ) 
e. Magnetometer expe riment subs ystem (ME) 
f. Solar wind expe riment subsystem (SWE) 
g. Suprathe rmal ion dete ctor experiment subsystem (SIDE) 
h. Active sei smi c expe riment subsystem (ASE) 
i .  Heat flow expe riment subsystem ( HFE) 
j . Cha rged particle lunar environment experiment subsystem ( CPLEE) 
k. Cold cathode gauge expe riment subsys tem ( CC GE) 
1. Apollo lunar hand tools subsyste m  (ALHT) 
m.  Apollo lunar surface drill (ALSJ? ) 

All subsystems are de s c ribed in te rms ·of their  physical characte ristic s ,  func ­
tional ope ration, and system interfaces • . 

2. -2. STRUCT UR E/ THE RMAL SUBSYSTEM 

The s tructure /  the rmal subsystem provides the structural integrity and pas sive 
the rmal protection required by the ALSEP expe riment and support subsystems to 
withstand the environments encountere d in storage , transportation ar1d handling ,  

" testing, loading on LM, space flight, and lunar deployment. During ope ration on 
the Moon, the structure / the rmal s ubs ystem will continue to provi de structural 
support and the rmal protection to the data subsystem in th,e central s tation and to 
the ele ctrical power subsystem.  

0 

2 - 3 .  STR UCTURE/ THERMA L S UBSYSTEM PHYSICAL DESCRIPTION 

The structure/ the rmal subsystem include s the basic structural as sembly of the 
ALSEP s ystem subpackage s ,  the fuel  cask s tructure assem bly, handling tools , 
antenna mast, and a dust detector. Structure/ the rmal s ubs ystem leading particu­
lars are provided in Table 2 - 1 .  

2 - 1 
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Table 2 - 1. Structure / Thermal Subsys tem Le ading Particulars 

Compone nt Characteristic Value 

Subpackage No. 1 Size ( inches ) L 2.6. 75 
Structure w 27. 37 

H 6. 87 
Weight (pounds )  24 . 86 

Subpackage No. 2. Size ( inches )  L 2.5. 87 
Structure w 27. 14 

H 3 . 3 7  
Weight (pounds ) 2.5 . 15 

Fuel Cas k  Support  Size ( inche s ) H 2.8. 86 
D 12.. 2.5 

Weight (pounds ) 1 9 . 60 

FTT Length (inc he a )  24 . 1 2  
Weight (pounds ) 1 .  5 1  

UHT Length {inches ) 2.6. 50 
Weight (pounds ) 0. 82. 

DRT Length (inche s )  23. 6 7  
Weight (pounds ) 0. 65 

Antenna Mas t Section length {inche s )  2.0. 75 
( two sections ) . Basic diamete r (inches )  1 .  75 

Weight (pounds } 1 .  30 

Dust Dete ctor Powe r Requirements 
. .  On m ode 540 mw maximum, 

+ and - 1 2  vdc .  
Of£ mode 70 mw maximum , 

+ and - 1 2  vdc.  
Analog Outputs O · to +5 vdc. 

Sens or Package Size (inches ) 1 .  75 X 1. 75 X 1 ,  75 
Weight (pounds ) 0. 35 

Circuit Board Size (inches ) 3, 3 X 6, 1 
Weight (pounds.) 0. Z6 
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2 - 4 .  S T R U C T U R E /  THE R MA L  S UBSYS T F.:M FUNC TIONA L D ESC RIPTION 

Z. - 5 .  Subpac kagc No. 1 Structure / The rmal. The s tructure / the rmal po r tion of 
s u bpackage No.  1 consis ts of a primary structu re boom attachment assembly, 
the rm al plate , sunshield, side curtains , reflector ,  a nd the rmal bag as shown in 
Figure Z -1. T�e primary structure provides tie points for securing the subpack ­
a ge i n  the SEQ bay o f  the LM . I t  i s  rece ssed  to rece ive the central s tation elec ­
tronic s which are mounted on the the rmal plate . The s unshield provides tie 
points for mounting, boom attachment as sembly, exper iment sub s ystem s ,  and 
associate d equipment. The sunshield, side curtains , and refle ctor a re raised 
during deployment to provide the rmal protection for the central s tation ele c ­
tronic s .  

The rmi stor tempe rature detectors moni tor the rmal bag ,  prim ary structure , and 
sunshie ld tempera tur es dur ing operatio n .  Th ese temperature s ignals are  supplied 
to the data subsystem for inse rtion into the A LSEP telemetry data . 

2-6 .  Subpackage No.  2 Structure/ The rmal. The structure / the rmal portion of 
subpackage No. 2 consi sts of boom attachment assembly, palle t, and subpalle t a s  
shown i n  Figure 2 - 2. I t  provide s  tie points t o  m ount expe riment and support sub­
systems ,  and to secure the subpackage in the SEQ bay of the LM . The pallet 
as sembly protects the astronaut from the e lec trical power subsystem c omponents 
during deployment, and se rve s as a base for that subsystem during ope ration. 

Z - 7 .  Fue l Cask Structure Assembly. The fu�l cask structure assembly consists 
of the structure , the rmal shie ld, cask bands , and cask guard as shown i!l  Fig ­
ure Z -3 .  The structure provide s  ::ie points for attachment of the fue l cask to the 
exte rior of the LM, and provides the th� rmal shield to reflect fuel caps ule the r­
mal radiation away from the LM. The cask bands a re clamped onto the cask, and 
provide tie point's for attachment to the structure . The lower band include s a 

· me chanism to tilt the fuel cask for acce s s  to the fue l  capsule . The gua rd is pro ­
vided to prevent astronaut c ontact with the cask during deploym ent. 

Two tempe rature t ransduc e r �  monitor thermal shield temperature.  The tempera­
ture measurements are  included in the Apollo te lemetry data . 

Z - 8. Handling T ools . The handling tools consi st  of a dome removal tool (DR T ) ,  
two unive rsal handling tools ( UHT ) ,  and a fue l transfe r  tool ( FT T )  as  shown in 
Figure 2-4 .  The se tools a re used b y  the astronaut t o  deploy the ALSEP system 
on the lunar surface • 

The DR T is  used to rem ove and handle the dome of the fue l cask. The tool en­
gage s ,  locks ir.,  and unlocks a nut on the dome. Rotation of the nut re leases the 
dome.  
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Figure 2 - 2 . Structure, Subpackage No. 2 

Figur e Z- 3 .  Fuel Ca -;k Structur e Assembly 
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Figure 2· 4 .  Handling Tools () 
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The FTT i!> u s e d  to tra n s fer the fuel capsule from the fue l  c a s k  to the R TG . 
Thr e e  movabl e finger s engage the fuel capsule a nd a r e  lo cked in plac e by ro ta ­
ting the knur led s e c tio n of the handl e .  Relea se is ac compl i shed b y  ro ta ting the 
hand l e  in the oppo s ite dir ec tio n .  

The UHT i s  used to r el e a s e  the tie - down fa s tene r s ,  a nd to transpor t and P- mplac e  
the expe r im e n t  sub s ys tems . The Al l e n  wr ench t . .Jul  tip e nga g e s  th e s o c ke t - head 
Boydbol t fa s ten e r s  to r o ta te and r e l ea s 3 the bol t .  A ball  ty pe l u � k i n g  d e v i c e  pro ­
v id e s  r ig id inte r fa c e  b e tw e e n  the tool and a r ecepta cle on the :; ub s y s tmn . Oper ­
a tion is  by a tr igger - l ike lever near the hand i e .  

2- 9 .  Antenna Ma s t . The a n te nna ma s .t is pr ovided in two s e c tio n s  a s  shown in 
Figure 2- 5 .  The s e c tio n s  lo c k  to g e the r a nd prov id e  lo c king dev i c e s  fo r atta c h ­
ment to the subpa c ka g e s .  Th e  a nte nna ma s t  serv e s  as tl: . ·  '·. \ndlc fo r the bar - b e l l  
car r y  o f  the ALSE P subpa c ka g e s  to the deploymen t  site ! ,  . s  the n  a tta ched to 
subpackage No. 1 to support the aiming mechani sm and antenna . 

2- 1 0 . DUS T DETEC TOR DESCRIPTION 

The du s t  detector will  obta in data fo r a s s e s s ment of dust  accretion on A LSEP and 
prov ide a m�a sur e of the r mal degradation of thermal sur fCI. c e s . 

2 - 11. Du s t  Dete c tor Physical D e :; c r iptio n .  The dus t  d e te c tor ha s tw o  com­
ponents ; a sensor pac kag e (Figure 2.-6), a nd a pr inted circuit boa r d .  The senso r  
package i s  mounted on the subpackage No. 1 suns hie1d .  The sensor ha s three 
photnc- Plls orientated on three s ides to fac e  the ecliptic path of "':he sun . 

Figure 2- S .  Antenna Ma s t  Sec tio ns 
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SOLAR CELLS 

Figur e 2- 6 .  Dust Detector 

DUS'l' DETLCTOR 

SENSOR PACKAGE 

Each c ell ha s a 2 em by 2 em active ar ea which is protec ted by a bluP fil ter to cut 
off ultraviolet wav elengths· bdow 0. 4 n"licron,  and a cover s lide fo r pro tection 
against radiation damag e .  A thermistor is attached to the r ear  of each photoce:J 
to monitor the tempe ratur e nf the cell.  The s ensor package is connected thrt)ugh 
an H-film cable to the pdnted cir cuit buar d  whkh is located in the power distr i­
bution unit (PDU) of  the data sub sys tem . 

2- 1 2 .  Dust Detector Func tiohal De scription . Dust  accumulation on the surfaces  
of the thr ee sol ar cel l s  wil l reduce the solar il l uminati.on detected by the cell s .  
The outputs of the solar cell s are applied to thr ee amplifier s  which condition the 
signal s a&ld apply them tv thr ee subcommutated analog data crannel s of the da ta 
subsys tem. (Sc:-e Figur e 2- 7 . ) The the rmistor outputs are applied tn thr ee sub­
commutated analog data chanr .l s

.
of the Clata subsystem. 

Dust detector oper ation is controlled by on and qf! command s  from the Ear th. 
The sE: commands are applied to the command memory through the data sub systen . .  
The co mmand memory stores the command •nd controls the opcra .. l<l'n o f  the po� er 
-owitche s in ac�ordance with the command . The t.wo sol id 15tate switche s control 
the applicatiol'\ of, + 12 vdc and - 1 2 vdc operating power irom the data subsystr � .  
Individual !using protection i s  provided on each of the two voltages . 

. . . 
Z - 8 

·' 

f!'\ v 

• 

0 

.... 444 ;q 4 necceepe ¢) LW(IS «OM w .._,at Oct 44# ¢iltU:�' •lf¥24f$1l li�$1 iliQCA!$1,...,.�41 WI I (.P!IQ!i ¥.[ ,.$ 4 """*' ill ,Q4GPMliJ4!!P ........ JW"'"'\'11,....., 



' 
j 
( l 
i -I 
l l 

I 
I _ i  

0 

... 

.. 

0 

I 

� FROM 
DATA 
SU BSYSTEM 

" 

ALSEP- M'!'-03 

ON -
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OFF 
MEMORY � 

- l Z  VDC 1 
SWITCHED - 1 Z VDC 

+ l Z  VDC 
POWER 
SWITCH SWITCHED + 1 Z VDC 

AMPLIFIER ANALOG 
SOLAR CELL (3) � ILLUMINATION 
ILLUMINATION DATA 
DETECTOR / 

(3) v ANALOG 
THERMISTOR TEMPERATURE 

� ·rEMPERA TORE DATA 
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1 TO 

JDATA 
SUBSYSTEM 

(3) 

Figur e 2- 7 .  Dus t  Detector . Simplified Block Diagram 
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0 l· 1 3 .  E LECTRICAL POWER SUBSYSTEM 

.. 

... 

.. 

The el ectr ical power subsystem (EPS ) provides the elec tr ical power for lunar 
operation of the ALSEP. Pr imary electr ical pt>wer is developed by th�rmo­
electr ic action with ther mal energy supplied by .'i, radioisotope sour c e .  Primary 
power is converted, regulated, and filtered to provide six operating voltages for 
the ALSEP exper iment and suppor t sub Rystems . 

2.- 14 . EPS PHYSICAL DESCRIPTION 

Major components of the electr ical power sub s ys te m  a r e  shown in Figur e 2 - 8 .  
The components a r e  a radioisotope thermoelectr ic g enerator assembly, a fuel 
capsule ass embly, a powe r c onditioning unit, a nd a fuel cask • 

2.- 1 5 .  EPS Radio iso tope Thermo ele�tr ic Generator  (RTG).  The RTG is a cylin­
dr ical case  with e ight: heat rejection fins on the exterio r ,  and a central cavity to 
r eceiv e  the fuel capsule . The active elements are a hot frame ,  a cold frame , and 
a thermoelectr ic couple a s se mbly. The ther moelectr ic couple a s s embly is lo ­
cated between the hot frame , which surrounds the cavity, and the cold frame , 
which interfac� s with the outer case and heat rejec tion fins . 

2.-16 . EPS Fuel Capsule As s embly (�CA). The fuel capsul e  a s sembly is a thin­
wallE,d , cylindr ical - shaped str uctur e wi�h an end plate for mating and locking in 
the fuel cask and in the RTG. It contains the radioisotope fuel ,  plutionum ( Pu- 2.38),  
encapsulated to meet ruclear safety cr iteria .  

2.-17.  EPS Power Conditioning Unit (PCU). The functional elements of the PCU 
are r edundant de voltage converters and shunt r egulator s ,  filter s ,  and two com­
mand control amplifier s .  The elements are mounted in c ordwood module s that are 
interconnected by printed circuit boards and attached to the cente r and lower sec ­
tiona of the PCU case.  

Shunt regulator load and dis s ipative elements are  mounted in  a powe r dis sipation 
module exte rnal to the ce�tral station along the back of subpackage No. 1 .  

Z - 1 8 .  EPS Fuel Cask. The cask is used to transport the fuel capsule assembly 
from the Earth to the Moon. The fuel cask is a cylindrical shaped structure with a 
screw-on end cover at the top end .  The cask provide s fuel capsule support elements 
and a free radiation surface for reje�tion of fuel capsule heat. The fuel cask pro ­
vides re-entry protection in case of an !J.borted mis sion. 

Z- 1 9. EPS Leading Par ticular s .  The physical and elec trical characteristic s of 
the electr ical powt:r qubsyatem are given in Table Z- 2 .  

2- 20. EPS FUNCT!Ot rAL DESCRIPTION 

As shown in Figure 2.- 9, the r adio isotope thermoelecq.-.�� aener'-t�.�· 
+16 volts ot primary power to the PCU . . · · · ·  !r 
coraver t tl:.e pr imary powe1 to tAe · . · · · · I 
auJ�;,;..i;i�a.lly when ther e ia 1NUiC11U4 
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Figure 2 � 8. 
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Fuel Capsule As semb� ; 
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Power Conditioning Unit 

Electrical Power Subs ystem 
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Table 2- 2 .  Ele c tr ical Power Sub s y s tem Leading Pa r ticul a r s 

Compo nent Char a c te r i s tic Value 
· -

Rad io isotope Output power 6 3  to 74 watts 
The r mo elec tr ic Output voltage 1 6 .  1 ± 0.  5 vdc 
Gen e r a to r  Hot june tio n 

temperatur e ,  
lunar day 900 to 1 1 00 deg . F 

Cold junc tion 
tem,pe r a tur e,  
lunar day 350 to 5 5 0  d eg . F 

Leng th · 1 8 .  1 2  inche s  
Diameter 16 inche s 
Weight 28 pound s maximum 

Fuel Cap s ul e Length 1 6 .  9l inches 
D iameter 2 .  6 inches (except end 

plate} 
W e ight 1 5 . 46 pound s maximum 
Thermal output 1430  to 1 520 watts 

Power Conditio ning 
Unit I Nominal outputs +29 vdc at 1 .  1 9  amps 

+ 1 5  vdc at 0. 08 amp 

I · 
+ 1 2  vdc at 0 .  30  amp 
+5 vdc at 0 .  90 amp - 6  vdc at 0 .  05 amp 
- 1 2 vdc at 0. 1 5  amp 

Output voltage regulation :1: 1  per cent 

Leng th 8 .  36 inche s 
Width 4 .  14 inches 
Height 2. 94 inches 
Weight 4. 5 pound s 

I 

Fuel Cas k Leng th 23 inches 
Diameter 8. 0 inche s 
Weight 2 5 .  0 pounds nominal 

l- ) 3 
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Figur e Z- 9 .  Elec tr ical Power Subsystem, Functional Block Diagram 

The a s tronaut control is a bac k-up s ignal for sta r ting the PCU . PCU # 1  and 
PCU #Z s elect command s from th� data subsys tem ac tivate control c ircuits that 
switch the r edundant cir cuits of the PCU . · 

· 

Analog voltages from the R TG and PCU prov ide temperatur e,  voltag e,  and curr ent 
s tatus to the data sub sys ten1. 

Z- Z l .  E PS  DETAILED FUNC TIONAL DESCRIPTION 

Z- ZZ.  E PS Radio iso tope Ther mo electr ic Generator . The operation of the RTG is 
illustrated in the block d iagram of Figure Z- 1 0 . A radio isotope sour ce (fuel cap­
sui�)  develops thermal energy that is applied to the ho t frame (inner ca s e ) .  The 
difference in temperatur e between the hot frame and the cold frame causes the 
thermoelectr ic couple a s se mbly (thermopile) to develop electr ical energy through 
thermoelectr ic action . The electr ic:d energy produced by the thermopile provides 
a minimum of 63 watts a t  16  volts. to the power conditioning unit . 

Exc e s s  heat from the thermopile is conducted .through a cold frame (outer cas e )  to 
a thermal radiator (heat rejection fins ) for dis s ipation into the lunar envir onment.  
This maintains the cold frame at a lower temperature than the hot frame so that 
thermoelectr ic ac tion is maintained . 

Temperatur e s  are monitor ed at three cold frame and at thr ee hot frame locations 
to provide six temper ature signals to the data subsystem, 

Z- Z 3 .  EPS Power Conditio ning Unit. The power conditioning unit performs thr ee 
major functions : 

a .  Voltage conver s ion 
b .  Voltage regulation 
c .  R TO protection,  

The PCU co ntains r edundant power conditioner s .  As shown in Figur e 2· 1 1 ,  each 
power conditioner co nsists of a de- to -de power conver ter ( inverter and rectifier s ), 
which converts the R TG 16 -volt input to the s ix  operating voltag e s ,  and a shunt 
voltage r egulator to maintain the output voltages within approxima tely :t: l fo, The 
input voltage is also regulated by this action because of the fixed ratio conver ter . 
It is neces sary to keep a constant load on the generator to prevent gen�rator .o�e:• 
heating . 
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Figur e 2- 1 0 . EPS Power G eneration Function, Block Diagram 

The +16  volts from the R TG is applied through the switching circuit to the selected 
de- to -de converter ,  applying power to the inverter and comple ting the shunt r eg ­
ulation circuit . Applying power to the inverter permits i t  to supply a c  power to the 
r ectifier s  that develop the de voltage s  applied t.o the filter s .  The outputs from the 
filters  ar e the aix o perating voltages applied to the data subsystem, Output and 
input voltage s are regulated by feedback from the + 1 2  volt output to the shunt reg­
ulator . 

' The shunt regulator consists of amplifiers ins ide the power conditioning unit and 
res istors  in the power dis s ipation module outside  the central s tation .  With the 
res istors O'-ltside the central station, some of the exc e � s  power is r adiated to space 
and does not ·contr ibute to central station dis s ipation .  All the output voltage s  ar e 
r egulated by the 1 2-volt feedback since they are coupled in the output transformer . 
The + 1 2  volt is applied to the switching circuit for determining over or under volt­
age and switching to the r edundant inverter and regulator , if neces sary .  

Separate filters  for each of the s ix  de voltage s are  common to the conver s ion­
r egulation circuits . The fil ter OoJ.tputs , +29 ,  + 1 5, + 1 2, +5, - 1 2, and - 6 volts , are all 
appl ied to the data subsystem . 

Analog voltage s  from the · inverters  provide temperature signal s .  Voltages !rom 
the shunt r egulato r s  provide curr.ent, r e s erve power , and temperature s ignal s ,  
The +16 volts a·t the input of the PCU provide a reserve power reference .  All of 
the s e  analog s ignal s are applied to the data subsystem for subcommutation into th" 
telemetry frame . 
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t!- 24 . DATA SUBSYS TEM 

The da ta sub s y s tem i s  the focal po int  fo r control of A J..,SE P exper ime nts and the 

c ol lection, , p r oc e s s i ng , and t ransrnis s ion of s c ientific dat a and enginee ring status 
d a ta to t h e  Manned Spa c e  Flight N e twor k (MSFN ) .  To accornpl lsh the b a s ic 
fun c tio n s  of ( a ) r e c cpt..ion and decoding of upl ink ( Ea r th - to - Moo n )  command s  
{ b )  timing aud control  o .f  exper irnenl s ub s y s te m s , a nd (c ) th e  col le c tio n and t r an s ­
mis s io n  of downlink ( Moo n- to - Ea r th ) s c ie ntific a nd e ne ineer ing data ,  the data 
sub s y s tem co n s i s t s  of  an integration of  units inte r c o nn e c ted as shown in Fig -
u r e  2- 1 2. The upli n k shown in Figure 2- l Z  r eq uir e s  the antenna ,  d iplexe r ,  com­
mand r e c e iv er ,  and command decoder compo nents of the data sub sy s tem . The 
downlink requir e s  the data pro c e s �or , transmitter , d iplexer and antenna compon­
e nts . The major components of the data sub system and associated func tions  a r e  
l is ted i n  Table 2- 3 . 

U PLINK (COMMANDS) .. 

� 
COMMAND 
RECEIVER 

TIMER 

COMMAND 
DECODER 

COMMANDS TO 
EXPERIMENT AND 
SUPPOR T SUBSYSTEMS 

J 

\ \ 
DOWNLINK 

(SCiENTIFIC & ENGINEERING 
DATA ) 

L k::ENNA 

·, 

DlPLEXER � TRANSMITTER 

L �WITCH " 

POWER 
DISTRIBU TION 

UNIT 

ELECTRICAL 
POW ER 
TO ALL 
SUBSYS TEMS 

(A AND B) 

� DATA 
PROCESSOR 

(X AND Y )  

t 
SCIENTIFIC AND 
ENOIN EERINO DATA 
FROM EXPER IMENT 

. 

AND SU PPOR T SUBSYSTEMS 
. . . . . .  ' 

.' . Figure Z-12.  Data Sub.aystem, Simpl ified Block Diagram. .. . 
I • :· I • 

, • . I  ,• . ; • • • , ; r . • 

. .  · ·  •· � ' . : � .  .- . .. . : ;,· 
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Table 2- 3 . Data Sub s y s te m �o mponent  Fun c t io n s  

Component 

Antenna 

Diplexer switch 

Dipl exer fil ter 

Transmitter 

Command r e c e iver 

Command d e coder 

Centr al s tati.m timer 

Data pro c e s ao r  

Power distr ibutior. 

Fun c tion 

Pro v id e s  s imul tan eous upl ink r e c e p t ion and 

downl ink transmis s io n  o f  A LS EP s ig nal s .  

Conne cts e ither tr ans.nitte r to the a n te n na . 

Conne cts r e c e iv er input and tra n s m i t t e r  ou tput 

to the antfmn a . 

T r a n s mits Moon - t o - Ea rth d ownlink s i g na l s .  

Acc epts Ear th- to - Moon upl ink s ig nal . 
Decodes r e c e iv ed command s ignal s and is sUt! !l  
command s  to the sys tem . 

Provides backup timing 
departur e of a s tronauts 
720 days :t 30 days 

s ig nal s fol lo w ing 
Switch off after 

Col l ects and formats sc ientific data inputs !rom 
the exper iments . Coll ects and conv e r t s  a na l o� 
hous ekeeping d ata into b ina r y for m  

Control s power switching and cond itions 
engine ering s tatus data . 

,_ - · . .  . . .  - ------------�--.;;....-_.....;;;_. _________________ _ 

2- Z S .  DATA SUBSYS TEM PHYSICAL DESCRIPTION 

The da ta sub sy s tem components are mounted on a l3 .  25- inch by 20- inch s e c tio n  
of the c entral s tation thermal pla te . Figure l- 1 3  shows data subsys tem co mpon­
e nt location wit�in the central s tation. A pre - formed ha rne u e l e c tr ic a l l y  co nnec ts 
the components . The harness is attached to each component with a mul ti- pin con­
nector . Power !o r each unit and electr ical signal s are conduc ted to and from each 
compo nent via the harne s s .  Coaxial cables  connect the command receiver and 
transmitter s  to the diplexer switch and thence to the antenna . 

Other items installed within the central s tation include central station tempera­
ture senso r s ,  manual co ntrol swit�hes ,  transmitte r and receiver heate r s ,  central 
station backup heater s ,  and a c�ntral • tation thermo s tat. Five thermal plate aen­
sor s are placed throughout the central s ta tion lo monitor eng ineering �emperatur e 

l'. - 18 . . .  
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sta tus data . Manual control switch e s  a r e pr ovided a t;  a bac kup to pe rmit  the 
a s tr o naut to s tar t sys tem opera tion in the ev ent of upl ink !a llur e .  

The overall w e ight of the data sub s y s tem is a ppr ox imate ly 2 5  pounds and the 
pow er co n s umptio n is approximately 20 watts . 

CENTRAL STA TION 

ro�;- - - - - - - - - - - -.. -
1 SUBSYSTEM 

TRANSMI TTER B I I 
I I 
I 
I I I 

COMMAND 
RECEIVER 

POW ER 
CON­
DITIONING I 
UNIT I I I 

POWER 
.DISTRI­
BUTION 
UNIT 

TRANSMITTER A 

DIPLEXER � FI LTER 

ACTI VE 
SEISMOMETER 
ELECTRONICS 

lb - ·� - - - -

I !h . I  i I I 
I 

DATA 
PROCESSOR 

I 
ANALOG 
MULTI-

� ,  P.L.EXER 
• 
• 

I 

( 
I 
I 
I 

I I ; I 
_ _ _ _  .J 

- - - - - - L-----. 

,-=-.:-

COMMAND 
DECODER 

- - - - --

PASSIVE 
SEISMOMETER 
ELECTRONICS 

Figur e  2- J 3 .  Data Sub system Compo���t Location 

� 2- 26. D.\TA SUBSYSTEM FUNC TIONAL DESC RIP TION 

Uplink command data transmitted !rom the MSFN is r eceived by the data sub­
sy s tem antenna , routed throuch th'e diplexer, demodulated by the command re­
ceiver , decoded by the command tlecoder , and appl ied to the exper iment and 
support subsys tems as disc rete command s .  The discr ete comma nd s eo ntrol 
experiment and suppo rt sub system operatian f' and initiate command ver'i!ica tion 
!unctions . Table 2- 4 lis ts the uplin'.< commands by subsystem ter m ination , 

2 - 1 9  
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Table 2.-4 .  A LSEP Commands 

Command Usage 

Active sei smic experiment 
Pas s ive seismi c  expe riment 
Heat flow experim ent 
Magnetometer experiment 
Charged parti c le expe riment 
Suprathcrmal ion detector expe riment 
Solar wind experim ent 
Command decode r  
Data Proces sor  
Power dis tribution unit 
Power conditioning unit 

Num be r  

7 
1 5  
1 0  

8 

8 

s 

2. 

2. 
5 

2.9 
2. 

Do•vnl ink data consists of analog and dig ital data inputs to the data proc e s sor frC'm 
the exper ime nt anC. suppor t  subsystems in response to per iodic demands from ch e 
data prC'ce s sor . Scientific inputs to .. .he data pro ce s so r  from the exper imen� sub -

. s ye :em are pr imarily in dig ital form .  Engineer ing data is usually analog and con­
s i s ts of status and housekeeping data such as  temperatur es and voltage s which 
r eflect opera tional status and env iro nmental r•al'amete r s . The data pro cesso r  
accepts binary and analog data fro m  the expe.i.'iment and suppor t  subsystems . It 
generc.te s  timing �·nd synchronization s ignal s ,  conv er ts analog data to digital for m, 
for mats digital data , and. provide s data in . the form of a split-phase modulated s ig­
nal to the transmitter . Tht! transmitter g enera te e the downlink tran smission 
carr ier and phl'l se modula te s  that carr ier with the s ig nal from the data pro c e s sor . 
The transmitter signal is s elected by tte diplexer switch and routed to the antenna . 
for dowplink transmis sio n  to the MS FN . 

Figur e Z- 14 shows a func tional diagram of the data sub system and its interface s 
with o ther ALSEP subsystems for Flights 1 and 2.. Figur es 2.- 1 5  and 2.- 16  show 
functional block diagrams of the Flight 3 and Flight 4 ALSEP systems � The later 
!L ight configurations are similar to the Fl ight 1 and Z configuration except for the 
selection of experiments . Redunc1.ant channels are provided for the transm)tter 
otnd por tions of the command decoder and data pro c e s sor :.0 improve system r el ia­
b ility.  

The uplink transmission from MSFN is a 2. 1 1 9  MHz RF car r ier with a Z KHz data 
subcarrier modulated . to a 1 KHz synchronizing subcarrier . The command r eceive 
receiv er demodulates the carr ier and provides the compo sit� Z KHz and : KHz 

· subcar r ier to the command decoder . The cornma.nd decoder demodulator section 
detects the Z KHz command da.ta sabcarr ier and 1 KHz timing signal and applies 
bo th to the r edundant dig ital decoder s ections (A and B )  of the command decoder . 
'lbe dig ital d ecoder sections identify corr ect addre s a  codes , decode the digital 
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data command s ,  is sue command ver ification s ignal s to the data proce s sor , and 
apply command s ignal s to the appropr iate exper iment and suppo rt subsystems , 

The central s tatio n  timer provide s timing s ignals  to the command decoder delayed 
comm?nd s equencer which are used to initia te a series of delayed commands to 
ac tiva te certain system ope ratio n s .  The specific func tions of the delayed com­
mand s are d iscu ::; s ed in the deta iled command decoder paragraph. 

Analog s ignals from the ALSEP exper iment a nd suppor t subsys tems are applied 
directly to the analog multiplexer or indir ectly thr ough the sig nal co nditioning 
�:ectio n of the power dis tr ibution unit to the analog multiplexer . The 90- channel 
analog mul tiplexer proc e s s e s  the analog inputs and applies them to the inputs of 
r edundant analog - to - dig ital co nver te r s  (X and Y) .  The -1igital outputs from the 
analo g - to-dig ital conver ter s are applied to r edundant d ig ital da ta proce s so r s  (X 
and Y) along with dig ital data from the command decoder and tr.e exper iment 
subsys tems . 

The dig ital data proc e s so r  g enerate s  timing and control sig nal s for use  through­
out the sys te m  and for mats the s cientific and eng ineer ing data from the exper i­
ments and subsystems for downlink transmis sio n .  Redunrlant transmitter s (A and 
B )  r eceive the PCM s ignal from the data �>ro ces sor s .  A diplexer switch connec ts 
the transmitter in use to the antenna for downlink trans missio n  to Ear th .  

2.- 2.7.  AN TENNA ASSEMBLY DESCRIPTION 

The antenna i s  a modified axial helix desig ned to r eceiv e  and transmit a r ight­
hand cir cularly polarized S-- Band s ignal . This antenna type wa s s ele cted because  
it  ha s a relatively high gain over a moderately nar row beamwidth . 

Z- 2.8 .  Antenna Physical Descriptio n .  The ante nna co nsists �f a copper conductor 
bonded to a fibergla s s - epoxy tube for mechanical support .  Figur e  2.- 1 7  show s the 
antenna . · The helix is 2. 3  inche s in l eng th and 1 - 1 / Z  inche s in d iameter . A 5- inch 
ground plane with a 2.- inch wide cylindr ical s kir t is attached to one e nd of the 
helix and functions as  a wave launcher for the elec tromagnetic wave in the trans i­
tion from coaxial 

'
transmis s io n  i.ine mode to the helix mode . An impedance 

matching transformer _is lo cated at the antenna feed point to match the higher 
in1pedance of the helical antenna to the 50- ohm coaxial tran smis s io n  line . .  The 
weigh• of the antenna , including cable s ,  is 1 .  2.8 pound s .  

The entire antenna i s  coated with a white , refle cting thermal paint for ther mal 
protection dur ing the high temperature range of lunar day. Antenna leading par tic ­
ular s ar e lis ted .in Table 2.- S .  

• . .  
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':'"'able 2 - 5  Antenna Leading Particular s 

Character is tic Transmit 

Gain* 

on bnr e s iGht 1 5 .  2 db 

beamwidth at 1 1 .  0 db gain 

b eamwidth at 1 1 . 5  db gain 3 3° 

Axial ratio 1 .  3 db 

Input VSWR 1 .  2 0 : 1  

Sidelobe level - 1 1  db 

R eceive 

14 . 7 db 

3 6° 

1 .  0 db 

1 .  20 : 1  

- 1 1 .  3 db 

*Antenna gain is r eferenced to  a right hand circular ly polarized isotropic level and 
doe s  not include c oaxial cable los s which is typically 1 .  1 db . 

2.- 2.9.  Antenna Functional Description.  The antenna receives command signals 
from Ear th on a fr eque ncy of 21 1 9  MHz and transmits telemetr y data on several 
frequencie s . within th.e fr equency band of 2.2.75 MHz to 2.280 MHz . Antenna gain is 
in the order of 1 5 .  2. db and the beamwidth is suffic iently broad to cover the Ear th 
at  all time s .  

2.- 30. Antenna Aiming Me chanism - Th e  antenna will be pointed to the Ear th by 
means of the antenna aiming mechanism. This mechanism is a two - gimbal sys-. 
tem which po s itions t.he antenna in azimuth and �levation.  The az imuth i& set  
in r efer ence to a sun shadowgraph and the· elevation is  set  in  reference to a c ir ­
cular bubble level to pos ition the antenna to a predetermined angle i.n elevation 
and az imuth . The az imuth and sun- shadow adjus tments ar e on a common axis . 
The sun shadow adjus tment, the az imuth angular adjus tment, and the elevation 
angular adjustmen t are set  by thr ee s eparate 72. : 1  wor m  and wheel gear s giving a 
range of :!:: 1 5° , :!:: 90° , and :!:: 50°, re spectively. The c ircular bubble level is set  
by two screw adjus tments giving a range of :!:: 6°from the hor izontal with a s ensi­
tivity of 1° per revolution of the adjustment handle . The antenna aiming pro -
ce�ure is de scribed in detail in Sec tio n  IV. 

· 

The antenna and· aiming mechanism a:.·e  s towed separately on the ALSEP and their 
inte rface is a quick-action connection. The two par ts are held together by spr ing­
loaded balls on the aiming mechanis m  bearing on the lowe.zo face of a groove cut 
into an extend�d male po•t of the ground plane . A 3- inch diameter flange on the 
aiming mechanism butts again s t  the under side of the g round plane to maintain 
s tability , 

� .. ....,.,,,�,.,. """'it'fWi.-Jfc;::i A . 44Ai91 ,1 Wt  «F¥.,.JS<H!*Cf4Rf,_.. P, A - lC4 A  aa ¥4 .  4 48 6  ¢ 4 4  0 QT ;  44'111 I t# P  . .... , r#¢4¢0#$14!4 Zi I r;t. a ..,.,� 
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Z - 3 1 .  DATA SUBSYS TEM DIPLEXER 

The diplexer c o n s i f:·. ts of the d ipl e x e r  fil ter and the d ip l e x e r  c ir cuh to r  s wi tc h . 

z - 32 .  D a ta Sub ,;y s te m  D ipl cxer Phy s ical De scl- ipti�. The d ipl excr fil ter and 
c i r c ul a to r  switc h  a r e  s hown in Figu r e s 2- 1 8  and 2 - 1 9, r e sp e c t iv e l y . Figu r e  2- 20 

s hows a d ia g r a m  o f  the c ir cul a to r  s witch . The d iplcxcr d iplexer fil ler conta in s  a 
tra n s 1nit fr eque n c y  bandpa s s  fil te r ,  a r e c e iv e r fr e quenc y band pa s s  filte r  a nd a 
common pa th a n te n na lo\vpa s s  fil ter . The thr e e  fil te r s a r c  coupl ed a t  a common 
junc tio n at the e nd oppo s ite the c ir c ul a to r  switc h ,  r e c e iv e r , and an te nna po r ts . 
The input a nd output conne c to r s a r e  m inia tur e ,  coaxia l ,  r ig h t- ang l e  conne c to r s 
mad e of gold - p l a te d  s tainl e s �  s te e l . Matching impeda nc e fo r the a n tenna, tra n s ­
mit a nd r e c e iv e  c o n n e c to r s i s  5 0  ohms . Lead ing pa r tic u l ar s o f  the d ipl cxe r fil te r 

a r e  l i s ted in Table 2- 6 .  
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Figur e 2- 1 8 .  Data Sub s y s te m  Diplexer Fil te r  

The d i pl exer switch c: o n s i s ts o f ' thr e e  c ir cula to r s ,  two load s ,  and thr ee exter nal 
por ts . The c ir cula tor u s e s  copp e r - clad d ie l e c t r ic board s tr ipl ine te chniqu e s . 
The input a nd output conne c to r s c on s is t of th r e e  r ight a n g l e  co nn e c to r s ;  o n e  for 
the inte r c onne c ting l itH : to the d ipl ex e r  fil te r s e c tio n,  a nd o n e  each to the two tr a n s ­
mitte r s .  Tw o  solder te r m i n a l s  a r c  p r ov i.e!�d fo r the :1: 12  vol t swi tching pow er . 
Lead ing par ticular s of the d ipl exer switch a r e  l i s ted in Table 2 - 7 .  
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Figur e 2 - 1 9 . D a ta Sub s y s tem Diplexer Switch 
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Table 2 - 6 .  Data Sub s y s tem Diplexe r Filte r Leading Particula rs 
,...--

Cha racte rist�c Value 

Receiver path (inc lude s band -pa s s  and low -pas s filte r )  

Ins e rtion los s 1 .  3 0  db 
VSWR 1 .  1 0 : 1  
Cente r frequency Z l l 9  MHz 
Max 3 db bandwi dth 1 1 . 0 MHz 
Min 3 d: , bandwidtr. 1 1 . 0  MHz 

Transmitte r path (inc ludes band-pa s s  and low -pas s filter )  

Ins e rtion los s  o.  7 0  db 
VSWR 1 .  1 0 : 1  
Cente r frequency 2275 - 2 2 80 MHZ 
Max 3 db bandwidth 4 5  MHz 
Min 3 db bandwidth 4.  !; MHz 
Pow e r  handling capability .20. 0 watts 
Weight 0. 9 pounds 
Form factor 6.  8 x 2. 5 x 2. 5 inche s 

Table 2 � 7 .  Data S.1b s y s tem Diplexer Switch Leading Particulars 

Cha racte ri s tic 

Ins ertion los s 
VSWR 
Cente r frequency 
I s o lation for 3 db bandwidth (4 MHz ) 
Switching voltage 
DC pow e r  ( pos ition B )  
DC power ( position A )  
Switching time 
RF pov. e r  capability 
Weight ; 
Stray magnetic fie ld ( s teady - s tate ) 
Form !actor 

Value 

o. 5 db 
1 .  1 4 : 1 

3 0 -4.0 db 
1 2  vdc 
1 50 MW 
0 
1 ZO milliseconds 
1 .  5 watts 1 .  2 8  pounds 
1 0  gamma at 3 feet 
4 x 4 .  5 x 1 .  3 inches 

2. - 33.  Data Sub system Diplexer Functional D e s c r iptio n .  The bandpa s s  filter for 
the transmit and r eceive arms of the dipl exer fil ter co n s i s t  of five elements coupled 
to prov ide the attenuation r equired at the transmit fr equenc ie s ,  r ec e ive fr equen­
c ie s ,  image, and local o s c illator and transmitte r spurious frequenc ie s .  The low­
pa s s  fil ter is  an Uhoalan<;ed ladder fil ter intended to augment the transmitter 
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ba ndpa s s  fil ter in s uppr e s s ing the abov e - c e n ter - fr eq uenc y s pu r i o u s  tr a n s n:. ilter 
outpu t s .  The d ipl exer c ir cu l a to r  switch a s s e mbly couple s the s e l e c ted tr a n s ­
mitter (A  o r  B)  th r o ugh the d ipl e x e r  fil ter a s s embl y to th e a n te nna . The s w itch 
al s o  prov id e s  isola tio n  p r o te c tion to the tr a n s mitte r s  a nd co nn e ct ing equipme n t  
f r o m  o p e n s , sho r ts , o r  s imul tan eous tran smitte r a nte nna fe ed . The c i r culator 
switch is r ever s ibl e to s erve a s  a tr a n s mitte r s el e c tor switch a nd r equir e .s  a 
+ 1 2  vdc s ig n al to switch the bac k - up tr a n s mitter into ope r a t io n .  

2- 34 . D A TA SUBSYSTEI..f COMMAND RECEIVE R 

The co mmand r e c e iv er d e modul a te s  the 2 1 1 9 MHz pha s e - modul ated upl ink c a r r ier 
tran s mitted from MS FN , prov id e s  a combined h i - pha s e  modula ted 2 KHz d a ta sub ­
c a r r ier a nd 1 KHz sync hronizing subca r r i e r  to the comma nd d e co d e r , a nd s uppl i e s  
a nalog s tatu s  data to the da ta pro c e s so r . 

2- 3 5 .  Data Su� sys tem Command h e ce iv e r  F'hf�ic::�.l D e s c r ipti o n .  Figu r e  2- 2 1  
shows the command r e c e iv er . The co1nmam.1 :r e c e iv e r  co nta in s  foam.- po tted in­
d iv idual ly- s hielded c ir cuit  modul e s  mounted o n  a milled mag ne s ium ba s e  pla t e . 
Modul e inter c o n n e c tio n s  ar e r outed through channe l s  mil l ed into the ba s e  plate , 
R e c e iv er l eading par ticular s ar e l i s ted in Table 2 - 8 .  
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Table 2 - 8. Data Subsystem Comm and R e c eive r Leading Particulars 

Cha racte ri s ti c  

Input frequenc y 
Input impedance 
Input si gnal leve l 
Input VSW R  

Noi s e  f�g ... r.:� 
Local o s ci llato r frequency 
Intermediate frequency 
IF 3 db bandwidth , 

\ 

I F  rejection 

Demodulation lineari ty 

Audio output leve l 

Output polarity 
Output impedance 
Output frequency respons e 
Output signa l-to -nois e  ratio 

Supply voltages 
Supply pow e r  

T�lemetry outputs 

Test  points 

¥'eight 
Form factor 

' '  

Value 

2 1 1 9  MHz ± .  OOlo/o 
�0 C'hm s a t  21 1 9  MHz 
- 1 0 1  dbm to - 6 1  dbm 
1 .  5 : 1  m ax at 21 1 9  MHz ± 1 MHz 
2. 0 : 1 m ax at �1 1 9  MHz ± 1 0  MH� .  
1 0  db max 
Z059 MHz ± .  OOZ5o/o/ year 
60 MHz 
350  KHz max for input s ignals near thre shold 
( - 1 00 dbm ) 
60 db min at 3 .  4 MHz for signals as high a s  
-50  dblT! 
Better than :t: 5 .  Oo/o at f0 ± 1 00 KHz 

. :Se tte r than * 1 0% at f0 ± 1 75 KH'z 
0 .  8 volt pe r radi an ± 1 2. 5% fo r input signals of  ' 

- 1 0 1  to - 6 1  dbm up to ± 3 . 0 radians deviation 

+voltage for +phas e  shift 
Les s  than 1 000 ohm s ( ac c oupled) 
100 Hz to 5 KHz 
B ette r than 1 5  db at input signal level of 

I 
-,97 dbm 
+ 1 2 vdc ± lo/o,  -6 vd.c ± l o/o 
1 .  3 7.  watt� m aximum ( 1 .  25 watts nomina l 
= 0 .  1 5  w @  - 6  v + 1 .  1 watts @ 1 2  v)  
( Z .  5 vdc ncminal, 5 vdc m ax) 
a)  C r y s tal tempe rature for local o s ci llator 

A ON - OFF 
b )  C rys ta� tempe rature for loca 1. o s ci llator 

B ON - 0-t-.F' 
c )  Loca l  osci llator R F  power level 
d) IF pre - limiting signal levei ( input 

signal leve l)  
e)  1 KHz s ubcarrier pre s ence 

. a )  Local oscillator RF output 
( loca l oscillator frequency) 

b) Pre - liMi ting IF ontput ( bandpas s  
and noi s e  fi gur e )  

c )  Di e c: riminator outp'.lt ( demodulation 
li nea r ly) 

) , 84 pou� 
e .  0 x�4 .  O''inches mountiug s u rface by 
1 .  75 incl\es- in height exclusive of 
c onnec to r s  -----------------------�������------------------------------------ 1 
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l - 36 . .Q�. "ub sys tem Co mmand R e c e iver l'\m c tionaJ D e s c r iptio n . Figure 2. - 2 2 
�'hows a d eta iled block diagram o f  the co mma nd r e c e iv e r . The 2 1 1 9  MHz pna s e ­
rnodulated upl ink a r r ier i s  r e c e iv e d  b y  the c e ntr al s ta tion ante nna , coupl ed 
thr ough the diplexer , and appl ied to the co mmand r e c eiv e �· mixer . The input s ig ­
nal i s  mixed >tith a c r y s tal controlled 2 0 5 9  MHz local o s c illator  s ignal to produce 
a 6 0  MHz in ter media te fr equ e n c y  s ignal . Two l o c a l  o s c i l l a tor /dr iv e r  aw ifier 
c ir cuits a r e u s e d  to provid e  r edunda n t  operatio n . The o s c illa lo r / d r iv e r  ampl ifier 
outpu t fr equency of 1 28 .  7 MHz i s  inc r ea s ed to 2 0 5 9  MHz by a multiply -by- 16 
fr e quency multipl ie r . The two 2 059 MHz s ig nal s fr om the fr eque ncy mul tipl ier s 
a r e  appl ied to a s tr ipl ine hybr id which i s  t!le r e dundancy comb ine r fo r the r edun ­
dant lo cal o s c illato r s .  From the hyb r id ,  the 2 0 5 9  MHz local o s cillator fr equenc y 
is applied to the mixer . 

'Ihe level s e n so r  and local o s c illator sw�tch c ir cuits d e te rmine which local o s c il ­
lator provid e s  th e  local o s c illato r  s ig nal . Mixer c ir cuit diode s apply b ia s  voltag e 
to an amplifier which controls a n  integra ted c ir cuit flip- flop . Whe n the bia s vol t­
age falls below an acceptable thr e shold , the axnplifier caus e s  the flip - flop to 
chang e  s ta te . The flip- flop change of s tate deener g iz e s  one lo cal o s cillato r  chain 
and energ ize s  the r edundant local o s c illctto r  cha in .  Adequate time d elays ar e pro­
vided to p r event switching dur ing r e ceiver turn-on and s ignal trans�e nts . 

The 6 0  MHz IF s ig nal from the mixe.r i's amplified in tho:! IF pr eampl ifier a nd fil ter 
module and in . . the IF amplifier module b efor e be mg appl ied to the amplifier and 
d"is cr iminator module . The dis c r imina tor is a doubl e tuned d iode discr iminator 
which provid e s  l:"'!·-1 de tec tio n·. The integrator· c ir cuit in the output atnplifier ann 
integrator module provide s pha s e  de te c tion o f  the FM de tecteq s ig nal . Tht: output 
s ignal from the command r e ce iv e r  is a comb ined 2 KHz da ta subcar r ie r  and a 
1 KHz synchro n iza tion subc ar r ie �  which is app� ied to the command decode r .  
Receiv er ou,tput characte r i s tic s a r e  shown in Figur e 2.- 2. 3 .  

Mo nito r ing c·ir �uits prov ide tel eme tr y  �ata to the data pr oc e s � or on the s ta tu s  of:  
the r e ceived s ig nal level , local o s cilla to r s A and B crys tal temper atur E' s ,  the 
local o sc illator RF power l evel , and the pr e s ence of the 1 KHz subcar r ier . 

• 

2- : n .  DATA SUBSYS TEM · GQMMAND DECODER 

The command d e·coder r e c e ive s the combined 2.- KHz command da ta subcar r ier a nd 
1 KHz synchr on\za tion s ignal from the c�mmanc;l r e c e iv e � ,  demodulate s  the i:Jub ­
car r ier to prov i�e dig ital b'ikning arid c·6mmand da ta ,  decode s the command data, 
and applies the dis cr ete .c�mmand s  requijed to contr'o l ALSEP operatwns . 

. . .... . ,. 
Z- 38. Data Subsystem Go:m.mand De�oder Plfi' s ica� Oer -::r iptio n . . -Figur e l- 2.4 
shows the co mmand decoder .. Multilayer prin .. ed c ir cuit board s ar e used through­
out the command decoder . The upit contains !o ur 1 2.- layer bo; u c U ,·· four s ix-layer 
board s . one thr e e - layer board ,  . .  _aria.:o!'le two -layer board . Lead�ng p�r ticular o£ 
the command decoder ar e l i s ted ·  1ri Tabl e  Z- 9 . · · 
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Figur e z.- � 3 .  Data Subsys tem Command Receiv er 
Output Sig nal Characteristic s 
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Figur e 2- 24 . Data Sub s ys tem Comma:�d Decoder 

Table 2-9.  Data Subs ystem Command Decoder Leading Pa rti cula rs 

Characte ri s t i c  Value 

Height 2. 8 i nch e s  
Width 4 .  8 1  inches 
Length 6. 25 inches 
Weight 2. 7 pounds 
Powe r  consum ption le s s  than 1 .  4 watts 

2- 3 9. Data Subsys tem Command Decoder Functi ona l De 'S c ription. The command 
dec o de r c ons i sts of a dem odulator s ec ti on and di gita l  de code r s e c tions . Fi g -
ure �- 2.5 i s  a functi onal block diagram of the comm and decode r .  

The demodulator accepts the compo s i te audi o  s ubcar r i e r  from the c ommand r e ­
c eive r .  The c omposite audio s ubcarri e r  i s  the linea r sum o f  the data and s yn ­
chror,i z ati on s ubcar r i e r s , w h e r e  the 2 KHz data subcarrier i s  bi -pha s e  m o dulated 
by a 1 000 bit pe r s ec ond data s t r eam and the s ynchroni zation si gnal i s  a 1 KHz 
s ubca r ri e r .  The dem odulator i s  divided into three s e c ti ons ; the s ync detection 
s ec tion,  the data detecti on s ecti on, and the th r e s hold actec ti on s e c ti on. 
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A voltaJe controlled oscillator phase- lock- loop in the sync detection s ection es­
tablish� l' bit synchronization by comparing the 1 K H z  input with a 1 K H z  reference 
signal. The filtered s ync phase detector output i.s U S l�d to control the operation of 
the oscill ator.  This technique e stablishes pha s e  lock- ?n within 18 millis econds 
after the a udit' input is appl ied. Synchroniz ed 1 KHz, 2 KHz and 4 I<H z  s igna l s  
are a pplied to  the digital section for sub- bit timing pur poses .  Eac h one­
millis econd timing interval c an be partitioned into e ig . pa rts .  

Data detection and extraction is  accomplished in the data ci..:tection sec tion by com­
par ing the 2 KHz a udio input with a sync hronized 2 KHz r efe r enc e s i gnal .  The 
data phase detector output is fed to an integrator and dumped at a 1 KHz repetition 
rate. Mark or s pace decisions are stored in the data flip- flop. 

The threshold function indicates sync carrieJ.' and local oscillator phase- lock, and 
enable s  the output. of valid data. It uses a threshold phase  detector,  an inte grator 
and a Schmitt trigger c ircuit. A threshold decision is made within 2.0 mil l i s e c ­
onds after the audio input is applied. 

The digital section of the command decoder consi sts of a decoder cont roll er,  a de­
coder programmer w ith an address  detector gate, an addres s memo ry !l ip-flop, 
parity check circuitry, an eight- stage shift register ,  1 00 command decoding F a t e s ,  
and a delayed command s equenc er. 

To improve tr.� reliability of the digital logic, redundant subsections provide an 
alternate l:"ath to decode a command mes sage. These redundant subsections are 
referred to as A and B. Each of the subsections functions identically, but the 
address gates rP'3pond to differ ent address  information. To furthe r  improve the 
reliability, the �elayed command sequencer provides l imited means of generating 
commands in the event of an uplink failure. 

Figure Z - 2. 6  illustrates the funct ional flow chart of the command decoder and de­
picts the complete routines and subroutines from initiation through reset cycle. 

In the normal (non- active seismic) mode, the serial data enters shift registers A 
and B, and continually shifts through these registers.  The decoder r emains in 
this search mode until a valid addre s s  has been detected by either one of the ad­
dress  gates.  For example, if address  gate A detects a valid addre s s  code in 
shift register A, it immediately sets address  memory flip-flop A which simulta­
neot�.sly starts decoder programmer A and inhibits addre s s  gate B from respond­
ing . After seven t iming per iods, programmer A activates parity comparator A 
which performs a bit- by- bit comparison of the s even command and seven corr­
mand complement bits.  At the end of this comparison, a parity check takes place. 
If correct, the appropriate command decode gate is activated for Z O  milliseconds 
and a command execute pul s e  s ets the first stage of shift register A to a one. 
This signifies that a proper command has been rec eived. If parity does not check, 
the command is inhibited and the firrt  stage of shift register A i s  s et to a zero. 
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Normally a t  thi s tim e , shift register A c: onta in s the s ev e n  bit c ommand and the 
parity info rmation. This information, .-.amed the cumrnand v e r i ficat ion m e s sage,  
s ta� t; in the r e gi ster until the data. proc e s s o r r e qu e s t s  t r a n s f e r  ( data d emand) of 
th�s data. As soon as the transfer take s pla c e ,  a master  r e s et s i gnal returns th e 
c ommand decoder to the s ea rch mode.  Likew i s e , the command v e rifi c a t ion m e s ­
sage is  inhibited if t he data demand i s  not act ivated during th e following two ­
s econd tim ing inte rval . 

In contrast to the no rmal mode of ope ration, the active seismic mode inhibi t s  the 
command ver ification m e s sage from r ea ching the data proc e s so r. The c ommand 
decoder receives an active s ei smic ON c ommand to ope rate in this mode and an 
active s e ismic OFF command to operate in the normal mode. Tht fo r egoing de­
s cription a pplies equally to s ubsection B wheneve r  addr e s s  gate B d etects its own 
addres s .  

2 - 40 .  Data Commands Commands are transmitted as a 6 1 - bit m • · s sage w ith the 
following format: 

a. Preamble ·20 bit minimum (all zeros or ·all 
. l .' ones for synchronization) 

b. Decoder addre s s  7 bits ( selects decoder s ub s ection) 
c .  Command complement 7 bits (for  parity check) 
cl'. · Command 1· bits • '  . .  

e.  Timing 20 bits (all zeros -:�r  all ones 
command execution interval) 

The demodulator section achieves pha:se and bit synchronization during the first  
eighteen timing bits of  the preamble and maintains synchronization during the en­
tire command timing interval. 

The 64, 32 ,  1 6, 8,  4, 2,  1 binary weighted code is  ·used to decode the s even-bit 
decoder addre s s  group, the seven- bit command complement group, and the s even­
bit com_mand

. 
group. 

Seven.' addr e s s  bits are used to uniquely command three  ALSEP a s s emblies .  Each 
command decoder shal l respond to two addre s s  c ode s ;  one for s ectio:-1 A and an­
oth�r for secLon B. Addres s t::odes have been selected a s  follow s :  

· ALSEP Addre s s· . · . 
No . Code No • 

. . .... , .  ' l  ' I ·as . · ··. f'·' ;· .: . . ·  i4 '' ' ' ·  

, z  7� 
2 1 4  

. ' 

Binary Weighted 
Coae Pattern 

. . . .  
1 0 1 1 000 . 

·'011 1 1 000 

1 00 1 1 1 0. ' . 
000 1 1 1 0 

i ' 1 ' 

Commat-.d 
Decode:r No. 

· "· 1 A  
·· . 1B  . ;  

2 A  .. . 
Z B  I •, ' , .  

Z - 45 
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ALREP Add r e s s  Binary Weighted Command 
No. Code No. Code Pattern Decoder No. 

-·--

3 1 0 3  1 1 0 1 00 1 3A 
3 4 1.  0 1 0 1 0 0 1  3 B  

4 2 1  0 0 1 0 1 0 1 4A 
4 53 0 1 10 1 0 1  4B 

The seven- bit command complement group i s  transmitted after the addr e s s  and is 
followed w ith the seven-bit c ommand group. The command decoder performs a 
bit- by - bit parity check over the command complement and command bits .  A de­
coder command i s  executed if parity is cor rect and is rejected if  incorrect. 

Twenty timing bits are transmitted to allow for a 20 millisecond command exec u­
tion timing interval. 

The command decoder is  capable of acc epting 1 28 diffe rent command me ssages 
and is designed to provide 1 00 commands to ALSEP us ers.  All command code 

- numbers except the following are available to the users:  0, 1, 2, 4, 8, 1 4, 1 6, 
zz, 24, 32 , 29, 4 1 ,  49, · 63 ,  64, 78, 86, 88,  9 5, 1 03 ,  1 0 5, :1 1 1 , 1 1 3 ,  1 19,  1 2 3 ,  
1 2 5, 1 26, 1 2 7. 

Provisions have be�n incorporated in the command decoder to accommodate a 
maximum of 1 1 4 discrete commands which have been allotted a s  follows:  

a .  Experiments 62 
b. Power distribution 29 
c.  Powe r  conditioning unit z 
d. Data processo r  5 
e. Command decoder 2 
f. Available for test purposes  1 4  

The command decoder stores an eight- bit command verificat-lon message which 
consists of seven command bits and a parity bit. The command verification mes­
sage is sampled by, a.nd shifted to, the data proces sor onc e eve ry  frame time, if 
a command ha s been received. 

The command word rate is limited to app!·oximately one mes sage per second 
during a DP no rmal mode of operation and to approximately one mes sage per two 
seconds during the DP slow mode of ope ration. 

No special re9uirements exist for intercommand operation. Lou of synchroniza­
tion between commands does not affect the operation of the command decoder. 

A list of the disc rete commands is sued by the command decoder ie presented in 
the Appendix. 

. . . 
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The command decoder automatically generates seven one-time commands after a 
96- hour delay. The delayed command functions and time of execution are li sted 
in Table 2- 1 0 .  A flow chart of delayed command sequences  i s  s hown in Fig-
ure 2 - 2  7. 

Monitor ing circuits provide telemet":'y data to the data proces sor on the status of 
command decoder internal, ba se  and demodulator o s c illator temperatures.  

Table 2 - 1 0 .  Data Subsystem Delayed Command Functions 

Command Function 
7 5  B low CPLEE dust c .,ve r 
69 Set CCI G s ea l  break 
59 Uncage PSE 
7 2  Execute CCI G seal break 
8 2  B low SWE dus t cover 
7 1  Set SIDE blow dus t cover 
7 2  Execute SIDE blow dus t  cover 
89 Magnetom eter flip calibrate 

4 2  Re store powe r t o  lowest  
p riority expe riment 

2 - 4 1 . DA TA SUBSYSTEM C.¢NTRAL STATIO!'-! TIMER 

Time of Execution 
96 hours + 2 minutes 

I I  

I I  

96 hours + '3 minutes 
96 hours + 4 minute s 

I I  

96  hours + 5 minutes 
1 0 8  hours + 1 minute,  
then e very 1 2  hours 
1 0 8 hours + 7 minutes ,  
then every 1 2  hours 

The central station time r  provides prJdetermined switch closur e s  used to initiate 
specific functions within ALSEP and the data s ubsystem when the uplink is un­
available for any reason. 

2- 42 .  Data Subsystem Central Station Timer Phys ical De scription. The c entral 
station timer consi sts of a Bulova model TE- 1 2  Accutron clock and a lt'ng life 
mercury -: ell battery. 

The timer is housed in a black anodized aluminum case approximately 2. 6 inches 
long and 1.  3 inches in diameter. Weight of the unit is  slightly more than 0. 25 
pounds.  Solder terminals provide electrical connection. Figur e 2 - 28 show s the 
central station timer. ...._ 

2 - 43 .  Data Subsystem Central Station Timer Functional De s c ription. Figure Z - 2 9  
show s a bl'ock diagram o f  the timer. The c entral station timer starts to provide 
back- up tim ing pul s e s  when the IPU cable i s  mated to the central station. A tun­
ing fork controls the frequency of a transistorized 3 60 Hz oscillator which pro­
vides the bas ic timing frequency. This timing frequency drives the electrome­
chanical a1·rangement used to provide th ree back- up timing switch closures. The 
switch clo sures are at one minute, 1 2 - hour,  and 720 - day interval s .  The one­
minute and 1 2 - hour clo s ures are continuously repetitive and are applied to the 

l __ _.,,..,�.�-........,. ......... ..... _ ..... , -... ............. . --...-....... " ... ' ....... -....... __ .......... tAl ..... --·-·-·-:·--·-..,,_, __ ..,. ___ • 
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POW E R  R ESE T 

CIH C U J T  A C T I V A TE D  

RESE'i" DE LA Y E D  

COMMA N D  

SEQUENCE R 

NO 
I Z  H r  T I ME R  

O UT PUT 

PRESENT 

PULSE SHAPE A N D  

RO UTE T O  POW E R  

DISTRIBUTION UNIT 

A ND PASSIVE SEISMIC 

EXP. 

NO 96 Hr 

E LAPSE D  

RECOGNIZE PULSE 

SHAPE AND ROUTE 1 

MINUTE TIMER OUT­

PUT TO 8 Min COUNTER 

NO 96 Hr +Z Min 

E LAPSE D 

1 .  A GTIVATE COMMAN D NO. 75 

TO BLOW CHARGE D PARTICLE 

DUST COVER. 

z. A CTIVATE COMMAND NO. 69 
TO SE T CCIG SEA L B RE A l< 

3 . A C TIVATE COM MAND NO. 59 

TO UNCAGF. PASSIVE SEISMIC E XP. 

96 Hr +3' Min 

NO E LAP SED 

YES 

l .  

A C T I V A T E  COM M A N D  NO. 7 Z  
TO E X E C U'l E CCIG � 1-, A L  B RE ,\ K  

NO 96 H r  +4 1\hn 
1-: LA PSE IJ 

A CTIVE COM MAN D No. Il l  
TO BLOW SOLA R WIND DUST 

COVER. 

z.  ACTIVATE COM MA N D  NO. 71  
TO SF.T SIDE B LO W  D ST 

NO 96 Hr + 5  Min 

E LAPSE D 

A CT I VATE COMMAI-10 NO. 7Z 

TO E XE C UTE SIDE B LOW D UST COVE R 

NO 96 + I ZN Hr 
+1 Min 

E LA PSE D 

ACTIVATE COMMAND NO. 89 

MAGNE TOMETE R FLIP CAL COMMAND 

NO 96 + l ZN H r  

+ 7 Min 
E LA PSED 

A CTIVA T E  COMMAND NO. 4Z 

to PDU to RESTORE POW E R  

TO LOWEST PRIORITY EXPE RIMENT 

REPEAT CYC LE 2 YR 

<> DECISION POINT D LEGEND: ACTION TO BE TAKEN 

Figure 2 - 27 .  Data �ubsystem Delayed Command Sequence, Functional Flow Chart 
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Figure 2 - 2 8 .  Data S 1.1b�r dtem C entral Station Timer 

no :t: 30 Day O FF COMMAND 
r--+ TIMII" G 

SWITCH 

t-- 1 l  HOU R  1 2  HOUR PULSE OSC CONTROLLED -' TIMING 
DRIVE MECHANISM 

SWITCH 1--

1 MINUTE 1 MINUTE PULSE ---.. 'riMING ., 
SWITCH 

TO PDU 

TO 
COMMAND 
DECODER 

Figure 2 - 29. Data Subsystem Central Station Tim e r ,  Block Diagram 

d elayed c ommand s equenc er in the c ommand decoder. The 720 - day c losure oc­
curs only ·onc e and initiat es a permanent off command to t�1e ALSEP t ransmitter. 
The command s activated by the command decode r  delayed command s equenc er 
are l isted in Table 2 - 1 0 .  

. . . 
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Z- 44. DATA SUBSYSTEM DATA PUOCESSOR 

The data proces sor generates ALSEP timing and control signal '- • collects and for-

\ mats both analog and digital tiata, and provide s  split- pha se  modulated data used 
fo r phase  modulation o! the downlink RF carrier.  

Z- 45.  Data Su'>system Data Proc · · s  ·or  Physical De scription. The data p•�oc essc-'!" 
con s i sts of  two phys ical c omponent s :  (a )  digital dc.ta proc es sor,  (b) analog 
multiplexer / converter. Figure 'J  2. - 30 and 2. - 3 1 show the digitll proc e s sor anci 
analog multiplexer/converter. Multilayer printed ci1·cuit boards are used through­
out the digit�l data proces sor and analog multiplexer I convertnr. The analog 
multiplexer I conv erter uses 1 5, two- layer boards.  The digital data proces:.ur 
uses se·,r en tw elve-layer boards,  one s ix- layer b1>ard a:r-d one three-layer discrete 
component board. Leadir�g particular s  are lie ted in Table 2. - 1 1 .  

Z. - 46.  Data Sub.� ;rstem Data Proc e s so r  Functional Description. Functionally, 
ther� are two t'ed�ndant data processing channels (data proc e s s ') r  X and data 
processor  Y) which procesa  both analog and digital data. Either proces sor chan­
nel may be selected to pe rfol'm the data processing fur • ..:tion. Figure 2 - 3 2  is a 
block diagram of th� data processo r  showing r edundant data processor channels 
X and Y. Digital data is applied directly to the proc e s sor  channels .  Analog engi­
neering (housekeeping) dat? is applied to the 90-channel analog multiplexer. Fig­
ure Z � 3 3 show s a block diagram of the analog r�.ultiplexer/conv erter. Multiplexer 
c:hannels 1 - 1 5  are c onsidered high reliability channels bec ause of the redundant 
gating provided. Channels 1 6- 90 are normal .:hannels without redundant gating. 
An advance pulse from the timing and control circuits of the X and Y procee sor 
channels is applied to the multiplexer sequenc er logic . The sequence r  logic ap­
plie.s timing signals to the multiplexing circuitry, and an end- of- frame signal tc 
the frame counter when the frame advance r eaches ninety. Multiplexed analog 
outputs from the multiplexing c ircuitry are applied through two parallel buffer 
stages to the analog- to -digital c onve .. ters in data proc e s sors  X and Y. The chan­
nel a s signments of the analog multiplexer/ converter are listed in the Appendi�. 

Analog data inputs from the analog multiplexer are rec eived by the analog-to­
di,gital converter. (See Figure. Z-3l . ) The analog-to-digital converter digitizes 

. the PAM output oignal from the analog multiplexer. The analog - to-digital con­
verters use a ramp ge'"leration technique to encode the analog signal into an eight­
bit digital word. A single eight-bit convers ion is made every telemetry frame. 
Proces sor timing and control circuits provide signals which auure that the con­
ve rsions are made at the appropriate time. The digitized output data is applied to 
the digital multiplexer in parallel data form. 

The digital mulbplexer consists of a ten-bit shift register which accepts eight 
parallel bits from the analog-to-digital converter or eight a erial bite from the 
command decode r and serially shifts them as a ten- bit W'ord with zeros ins er�P.d 
in the two mo11t s ignificant figures.  The bits are shifted hi�h o rder fiut. Oates 
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COMMAJIJ) VERIFICATION 

90TH FRAME �I ANALOG I ANALOG DATA MULTIPLEXERJ CLOCK 

I 

.. 
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I J 
I DICITIZE 

I TlMINc l- TlMINO 
LOGIC 

... 

. 

: -
Q Q 

• 0 

0 

.· ' - - - - -
� RESET I FRAME ! 

CLOCK COUNT'&:R
I 

ACTIVE SEISMIC DATA 
OTHER EXPERIMEliTAL DATA ... 

CONTROL TIMING - - - -
" AID ] � DIC!TAL l 

CONVERTER HOUSEKEEPINC DATA MULTIPLEXER I 
DATA TRANSFER . DATA Cl )CK • 
WDS I,  Z lo l SYNC WORD INSER TION :MD "' "' I 

CLOCK I MULTLFORMAT I I COMMUTATOR I 
L _ _ ___ _ 

:NOTE: I POWER DISTRIBUTION UNIT SUPPUES: 
+5 VDC 
+15 VDC 
- I Z  VDC 

1 CONTROL SIONALS: 
EVEN FRAME MAliK 

FRAME MARK 
SHLFT PULSE LINE 
DEMAND UNE 
DATA OATE 
90TH FRAME MAlUC 

I DEMAND I DEMANDS 

J
RECISTER f 

A J...'S.EP-MT-03 

PRociisoR-::;::J 
REDUNDANT UNIT 1 

r--

I 
I 

- - -� J 
� 

X lo Y  
PROCESSOR 

INTER FACE 

wrr .. � .. .. j 1tr < 
- Q .. - - - _ ...� o · <:l e; :& Q 

SERIAL INPUT J MODULATOR l : DATA 

�CONTROL 

WORD 
CENER ATOR 

i 
_ ____ P

_
R

_
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_
ES��·:::::J 

Figure 2.-32., Data Subsystem Data Processor, 
Functional :elock Diagram 
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Table 2 - 1 1 .  Data Subs ystem Data Proc e s s o r  Leading Pa r ticuJ:irs 

Characte ri s ti c  Va lue 
---- -------- - ---- -· ----�-- ·-------- ---

Height 
Width 
Length 
Weight 
Power c ons.umption 

Height . . . 
Width 
Length . .  
Weight . . 
Powe r  c onsumption 

' . 

HlGH 

Digital Data Proc e s s o r  
- -----

. Ai:J.alog Multiplexe r/ Converter 

' · . 

RE UABJ LITY 
CHANNELS M 

2 .  8 inche s 
3 .  9 4  inches 
6. 25 inche s 
2 .  6 0  pounds 
Les s  than 0 .  5 watts 

2. 62 inche·s 
4 .  2 inches 
5.· 9 inches 
1 .  86 pounds 
Approx. 1 .  44 watts . 

. . 

ANALOG 

ANALOG 
{ 1 - 1 5 )  u DATA TO 

PROCESSOR 
DATA 
INPUTS 

ADVANCE -
PULSE 
FROM 
DATA 
PROCESSOR 

L 
T'  X 

A/ D CON VERTER 1 ·  
li!ORMA L P .  
CHANNELS L 
( 1 6"-90) ANA LOG 

E DATA TO 
X PROCESSOR 
E y 
R 

SEQUENCER 
A/ D CONYER TER 

LOGIC 
' 

90TH FRAME 
. PULSE TO · .. · 

FRAME 
COUNTER 

Fig�r� ·z�33 .  ·Data Subs�st�� A
'
nalo� M�ltiplexer /C

-�nverter, · 
Block Diagram 
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ar e  included in the digital m\lltiplexer circuitry whicb gate s e rial input data di­
rectly from the expe riments .  The gate otttput s and the ten- bit shift register out­
puts are "OR 'd"  and pr e s ented to a two- bit shift register which accepts either 
ser ial data from experiments  or  parallel control word cadi  1g .  

The two - bit shift register pr e sents the experiment and control word data in serial 
form to the PCM format converter. A PCM "0" l r.  repres ented by a "0 1 "  and a 
PCM " 1 ' ' is repr esented by a " 1 0 ". The split phas e  s ignal phase  modulates the 
transmitter so that a PCM "0 " causes  a pos itive pha s e  transition and a PCM " 1 "  
cause s  a negative phase  t ransition. 

Table 2- 1 2  l ists the characteristic s of ALSEP tim ing and control s ignals . 

Table 2- 1 2. Data Subsystem Timing and Conhol Pul s e  
Characteristics in Normal ALSEP Data Mode 

Duration* 
Pul s e  Type (!uec) Repetition Rate* 

Frame mark 1 1 8  onc e per ALSEP 
frame 

Even frame 1 1 8 once every other 
mark frame 
90th frame 1 1 8 onc e every 90th 
mark frame 
Data gate, 1 1 8 64, once per each 
(word mark) ten- bit ward in 

frame 
Data demand 9 43 4  once per experi-

ment word in 
ALSEP frame 

Shift pulse 47 640 pulses  per 
frame 
1 060 pulses  per 
s econd 

Amplitude: High "or" logic " 1 " - +Z.  5 to 5.  0 volts 
Low "or" logic "0" - 0 to +0.  4 volts 

Timing Relative to 
Frame Mark 

occurs at start of word 1 
.. of each frame -

in coincidence with 
frame mark 
in coincidence w ith 
frame mark 
data gate of word 1 is 
in coincidence with 
frame mark 
occurs asymmetrically 
as rle:Hned in Figure 2 - 3 3  

a continuous 1 060 
pulses  per s econd 
symmetrical square 
wave 

R is e  and Fall Times: Z to 10 tJ.Sec 10% to 90o/o points and 90% .to 1 0 %  points 
* 

In slow ALSEP data mode, duration is twice the norm�l mode and repetition 
rate is one-half normal mode, 

2 - 47. Operating Modes - The data proc e s sor operates in three modes: 

a. Normal mode ( 1060 bps)· 
b. Slow mode ( 530 bps) 
c .  Active Seismic mode ( l 06 00 bps ),  

2 -5 6  
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The no rmal mod e is  the standard operating mode which has a data rate o f  1 0 60 bps 
( 1 0 6  word s /  second) . In the normal mode, the demand s ignal s to the data sourc es 
( experiments) are one word in length and approximately 9.  45 millisec onds in du­
ration. Other timing s ignal s such as  the data gate and the various frame marks 
are approximately 1 1 8 micro seconds ih duration. 

The slow mode provides bac kup operation at one-half the normal mode data rate. 
The slow mode data rate is 530 bps with 53 words pe r s econd. Slow mode de­
mand and timing signals are 1 8 .  9 milliseconds and 2 3 6  mic ro seconds ,  respec­
tively. 

The active s eismic mode is provided exclusively for the active s eismic experi­
ment. When the active seismic command is rec eived from the command decoder ,  
the signal is  stored until the completion of  the existing 64- word frame. At the 
end of the 64th word, the data proc e s sor switches into the active seismic mode. 
Th�s switch may occur on either the odd or even frame, and between any analog 
words. The switch to active seismic mode gates on s erial data from the active 
seismic experiment, gates  off all demands to the command decoder and the vari­
ous experim ent s ,  and gates off any incom;.ng serial data from any other data 
source.  The active seismic data rate is 10 ,  600 bps. The data shift signal, frame 
mark, even frame mark, data · gate s ignals,  and 90th frames  are sent to the ex­
periments at the normal rate. 

The data proc essor fo rmats the data collected from the experiment s into a telem­
etry format as shown in Figure 2- 34. The frame rate in the normal mode is 1 and 
2 1 / 3 2  frames I second. A complete frame of data is collected approximately every 
0 .  6 s econd. Each frame contains 64 words of ten bits each g iving 640 bits /frame. 
The basic bit rate is 1 0 60 bps. In addition to the words a s s igned to the experi­
ment s,  t}::l.e �: :::- -: �  three t�n-bit words are used as a 30- bit control word and a sin­
gle ten- bit word is used for command verification purposes .  Experiment word 
and frame a s signments are listed in the Appendix. 

The bit as s.ignments for the control word are shown in Figure 2 - 3 5. A 2 2 - b�t 
word consi sting of an 1 1 - bit Barker code, followed by the same code comple­
mented, is used to ..J.ttain synchronization. The next s even bits provide frame 
identification for one through 90 frames for correlation of the analog multiplexer 
data. The 30th bit provides normal or slow mode information during the fir s t  
two frames of the 90-frame sequence,  and data proc e s s or serial number identi­
fication during the third through fifth frames of the 90- frame sequenc e. For the 
s ixth thr?ugh 90th frames �he 3 0th bit has no information and reads logic zero. 

2- 48 .  Timing and Control Signals - Tim ing and control logic circuits provide 
synchronization signal s for use  throughout the ALSEP system. 

The ba sic clock io a 1 69.  6 KHz o s cillator.  A master flip flop divides tlic clock 
frequency down to 8 4. 8 KHz. The 8 4. 8 KHz s ignal drive s a divide- by- eight 

. . . 



\ ! t 
I 
I 
I 

I f I 
- I j I 

. I 
� \ 

' '  ' J  . ', 
, ,, 

I 
- -""�""� '' ' - ,.. _,,,,, .. ,, .,.. . ..... .... "' 

.. � .. -....... -. L.'oWUll..�- ·-�Ao ilf, .. ll' !i' '  ·, , ... ... r-.-..._ ........... � .... ..  -�\<'.:;., ...... .... . . . .. - -..-,.,.U o..i -'· - · - . .  

' 
· •. 

) ' / 

WORD TOTALS 

A LSEP- M T - 0 3  
' 

FLIGHTS 1 & 2 

1 2 3 

X X X 

9 1 0  1 1  

- X -

1 7  1 8  19 
0 X 0 

2 5  2 6  27 
- X -

3 3  34 3 5  

11 X • 

41 42 43 

- X 
I 49 : 50 5 1  

0 X 

57 58 59 

n X 

LEGEND 

x • Control 

-

0 

-

4 5 6 7 

X 0 X 

1 2  1 3  1 4  1 5  

X - X 

20 2 1  2 2  23 

X 0 X 

28 29 3 0  3 1  

X - X 

3 6  3 7  38 39 
X • X 

44 45 46 47 

X - cv 
52 53 54 55 

X 0 X 

60 6 1  62 63 

X - X 

X = Pas sive Seismic - Short Period 
• Passive Seis •. •ic - Long Period 

8 

s X 

1 6 

I X 

24 

s X 

3 2  

I X 

40 

s X 

48 

I X 

56 

s I 

64 

I X 

3 
29 
1 Z  2 • = Passive Seismic .. Long Period Tidal and one 

1 
4 
5 
1 ' 
1 

Temperature 
o • Magnetometer 
S = Solar Wind 
I = Suprathermal Ion Detector 
CV = Command Verification 
H = Housekeeping 

Each box contains one ten-bit word 
Total bits per frame • 10 x 64 = 640 bit a 

Figure ·Z-34. ALSEP Telemetry Frame Format (Sheet 1 of l) 
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WORD TOTALS 

3 
30 
1 2  
· 2  

1 
5 
6 
l 
l 
a 

1\ I .' o l  I ' . l\·1 1' - 0 3  

FLIGHT 3 

1 2 3 4 5 6 7 8 

X X X X cv X CP X 

9 10 1 1  1 2  1 3  1 4  1 5  1 6  
- X - X - X SG X 

1 7  1 8  1 9  20 2 1 22 2 3  24 

CP X CP X HF X _CP X 

25 26 2 7  28 2 9  30 3 1  32 

- X - X - X CG X -
3 3  3 4  3 5  3 6  3 7  3 8  3 9  40 

H X • X • X __ep X 
4 1  42 43 44 45 46 47 4Es 

- X - X - X CG X 

49 50 5 1  52 53 · 54 55 56 

NA X NA X NA X CP .C:G. 

57 58 59 

- X 

LEGEND 

x = Control 

-
60 6 1  62 63 

X - X 

X = Pas s ive Seismic - Short Period 
= Pas sive Seismic - Long Period 

64 

CG X 

• = Pas sive Seismic - Long Pe riop Tidal and one 
Temperature 

HF ::: Heat Flow 
CG = Cold Cathode Gauge Experiment ( MSC) 
CP = Ch.:t rgeti Particle Lunar Environment 
CV = Command Verification 
H = Hous ekeeping 
NA = Not Assigned (all zeros shall be transmitted) 

Each box contains one ten- bit word 
Total bits per frame = 1 0  x 64 = 640 bits 

Figure 2 - 3 4. · ALSEP Telemetry Frame Format (Sheet 2 of 3) 
. .  
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FLIGHT 4 

1 2 3 4 5 6 7 8 
X X X X cv X C P  X 

9 10 1 1  1 2 1 3  1 4  1 5 1 6  

- X - X - X I X 

1 7  1 8  1 9  20 .2 1  22 23 24 

CP X CP X NA X C P  X 

25  26 2 7  28 �9 30 3 1  �z 

- X - X - X I X 

3 3  3 4  3 5  3 6  � 7  3 8  3 9  �0 

H X • X • X C P  X 

f41 42 43 4� f45 46 47 �8 

- X - X - X I . X 

49 �0 5 1 52 53 54 55 56 

NA IX NA X NA X C P  I 

�7 58 �9 ()0 p l  6Z 63 �4 
- X - X - X I X 

WORD TOTALS LEGEND 

3 
30 
1 2  

z 

5 

6 
1 
1 
4 

x = Control 
\ 

X = Passive Seismic - Short Period 
= Passive Seismic - Long Period . 

• = Pas sive Seismic - Long Period Tidal and one 
Temperature 

I = Suprathermal Ion Detector/Cold Cathode Gauge 
Experiment 

CP = Charged Particle Lunar Environment 
CV • Command Verification 
H • Housekeeping 
NA = Not Auigned (all zeros shall be transmitted) 

Each box contains one ten-bit word 
Total bits per frarne • 10 x 64 = 640 bits 

Ff.gure Z-34. ALSEP Telemetry Frame Format (Sheet 3 of 3) 
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CONTROL WORD FORMAT 

t. ALSEP I lfor--- WORD I I -----t)ltf- ---
ALSEP · 

WORD IZ 
ALSEP 

WORD 1 3  

B i t  I Z 3 4 5 6 7 8 9 10 I I  12 1 3 14 I S  16 17 1 8  19 ZO Z l  ZZ 2 3  24 2 5  26 27 28 zcj , 30 � BARKER CODE --+-- COMPLEMENT OF BARKER CODE + FRAME COUUTER MODE 

1 1 1 o o o 1 o o 1 o I o o o 1 1 1 o 1 1 o 1 I F 1 FZ F3 F4 .fs .-6�7· M 

( I ,  Z . . . .  89, 0)  BIT 

ALSEP 5ita / Samp!eo / 
Symbol � 
DA- 1  Barke r Code and Complement 

DA·Z Frame Count 

DA-3 Mode Bit 

DA-4 ALSEP ID 

Word• Ranse 

1, z. and NA 
bit1 I and z 
ot wop� 3 

Bit• 3 to 9 1 -90 
inclu•ive o{ 
word 3 

Bit 10 of word 3 

!:!:!!!!.! Mode Bit Meanina 

1 Normal data rate 
z Slow "at& rate 

Bit 10 ot word 3 

!:!!!!!.!. 
, 
4 
s 

Mode Bit 
X (MSBJ X Data proceuor 
X Serial number 

Sample 

zz 

1 

� 

Figure 2 - 3 5. ALSEP Telemetry Control Word Bit A s s ignments 

Second 
I .  67 

1 . 67 

1 . 61 

1 /54 

counter to obtain the 1 0 .  6 KHz signal used in the active seismic mode. This 
counter is gated to produc e the 42. 4 KHz signal used in the slow data mode o£ 
530 bps. 

The 84. 8 KHz signal or  the 42. 4 KHz also drives a divide- by -ten counter. The 
outputs from this counter are used to drive the sub- bit counter and the timing 
logic . The sub- bit counter is a divide-by- eight counter with output frequenc ies o£ 
1060 Hz or 530 Hz depending upon the operational mode. T'his output establishe s 
the bit rate, drives a bit time c ounter, and provides timing signals £or the timin8 
logic . 

The bit time counter is a divide-by-ten counter with an output frequency o£ 1 06 Hz 
o£ 53 Hz which establishes the word rate. Outputs o£ this counter are used in 
generating the control words and signal timing throughout the proceseor.  

The multi£ormat commutator determine• the spec ific assignments o! each word 
within the 64 word telemetry format. The commutator provides signals (demand 
pul ses) o! one word length and multiples o£ one word length in duration so that 

Z -6 1 
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d a ta may be  g a t e d  f r o m  t h e  exp e r i m ent s a n d  c ommand dec ode r th r o ugh the s pl it - Q pha s e  modul a to r  and i nto the t r a n s m itte r  in a pr ed ct c! rmin cd s equenc e.  The out-
1mt o f  the m ul t i fo rmat c o m m utato r i s  a p pl i e d to the d emand r e g i s te r  and the con-

t r ol 'Vord g e n e rato r .  

The demand r e gi ster p e rfo r m s  the follow ing functions: 

a .  Provides  memory for the demand s ignal whi l e  t:1e c omm utato r i s  being 
s w itc hed. 

L. Acts as a master switch turning off all demands while allowing the fo r mat 

generator and all control signals to function normally while in active seismic 
mode. 

c. Acts a s  a buffer between the d�mand decoder a s sembly eliminating any 
gating transients from the demand lines.  

The control word generator generates the synchronization code and provides the 
information to the output register during the proper bit times of the control word. 
Mode, frame, and data proces sor s erial number information is provided to the 
output register at the appropriate bit times.  

The frame counter generates the frame bits .  The frame c ounter is  e s sentially a 
ripple- through counter which is  advanced one step whenever the fir st word of each 
frame occurs.  R � s et i s  accomplished by means of the 90th frame end-of- frame 
signal generated by the analog multiplexer.  

A How chart of the da�a proc e s sor is  presented in Figure 2 - 3 6  . 

. 
l - 49 .  DATA SUBSY STEM TRANSMITTER 

The data subsy :;;tem transmitter g.oane rates an S- band carrier frequency between 
l 2 7 5  and 2 280 MHz which is pha se  modulated by the split- phas e  s erial bit stream 
from the data proc e s so r. 

l - 50.  Data Subsy stem Transmitte r Phy s ical Description. Two identical trans­
mitters are used in each data sub�>y�tem to provide standby redundant operation. 
Either transmitter can be selected to transmit downlink data. A transmitter is 
shown in Figure ·l - 3 7 .  Most circuit modules arc mounted on a milled out mag­
nesium ba se plate. Some modules and other c omponents are loc ated inside the 
bf.se plate. Transmitter leading particulars are listed in Tabl e 2 - 1 3 .  

Z - 5 1 .  Data Subsy stem Transmitter Functional Desc ription. Figure Z - 38 show s 
a block diagram of the transmitter c ircuit. T ransmater output frequency is  a 
function of the oscillator cry stal and tuning. Transmitter frequenc ies will vary 
between individual ALSEP sy stems. An oscillato r frequency of 1 4Z MHz is  used 
as an example in this discus sion. T�e crystal- controlle d oscillator in the. 
oscillator- buffer - phas e  modulator generates a 1 4Z MHz frequency which is �h&. se 
modulated by the bina ry data from the data proce ssor.  A buffer amplifier between 

z·-6l . . . 
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TRANSMIT DATA 
IN THE NORMAL 
MODE UNTIL AN 
END OF FRAME 
OCCURS 

I. GENERATE AND 
TRANSMIT CON· 
TROL WOI\0 NO. I 

I. ADVANCE THE 
FRAME COUNTER 

A LSI:P-MT-03 

TRANSFER THE 
DATA 
PROCESSOR TO 
NORMAL MODE 
11060 BITS) 

1. CONTINUE IN 
PRESENT MODE 
UNTIL J:ND OI" 
FIIAME OCCUIIS 

I. DATA PIIOCESSOII 
EXECUTES THIS 

COMMAND AT THE 
END OF THE 
DATA FIIAME 
ONLY 

CONJ'INUE TRANS · 
MtTTING ACTIVl: 
SEISMIC DATA 
UNTIL A SCHED· 
ULEO £ND OF 
FRAME FOR THE 
DATA PR.OCES· 
SOl\ OCCURS 

DATA I'ROCFSSOR 
ll£TURN� TO L.\ST 
INSTRUCTED SU)W 
OR NORMAL MODE 

TRANSFER THE 
DATA 
PROCESSOR TO 
ThiE SlDW 
MODE (!30 BPS) 

AC J. i Y'E 
57:l5MIC 

F J:C.�JVF:f\ Rf:SET 
�..oOMYAND Oil 
r'OW tlt ktSt:T 

DATA TR.ANS­
MtSMON 

Z. 1 RANSFER. 
THE DATA 
PROCESSOR 
TO THE 
NORMAL 
MODE 
(1 060 BPS) 

TRANSMIT Ell• 
1\0NEOUS DATA 
IN NORMAL 
MODE UNTIL 
90th FRAME OC· 
CURS 

NO IS THE DATA 
PROCESSOR IN 
THE SJ..OW MODE 

I. CONTINUE IN . . INTI:IiRU .. T 
) . CONTINUE IN 

Plt£SENT lolOD£ "IIESENT MODE 
UNTIL END OF TlftS FRAME UNTIL END OF 
FRAWE OCCUU OF DATA FRAME OC'CURS 

l. DATA PROCI:SSOR I. IPOWI:II IS Z. DATA PRIX:I!:!$'lR 
EXECUTES THIS I WITCHED E:U:CUTES THIS 
COiolMAND AT TH TO DATA CO'.UCAND AT THE 
END OF THE PI\OCESIOR END OF THE 

DATA F�AME UDIINDANT DATA FRAME 
ONLY UNITI ONLY 

Fl111re 2-)6. Data Sull'tyl\f•m Data Pl'oceuor now Chart 
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Fig11re 2 - 3 7. Data Subsys tem T ransm itte r 

Table 2 - 1 3 .  Data Subs ys tem Transmi tte r Leading Particulars 

Charac te ri s tic 

Output frequency 

Fre quency s tability 

Output pow e r  

Output s purious 

lncide'ntal AM 
Phase r.oi s e  

Ca rrier deviation 
Moduli! tion drive 

' •  

': I 
. Va lue 

Channel 1 = 2 2 7 6 .  5 MHz 
· Channel 2 = 2Z 7 8. 5 MHz 

Channel 3 = 2 2 7 5 .  5 MHz 
( a )  :t .  Q 0 25o/o/ year ( long te rm ) 
( b )  2. 2 x I o - 1 0 pa rts / s ec ond ( sh nrt term ) 
1 watt minimu1.1 into 5 0  ohm loac. ...- i th maxi ­
m um VSW R  of 1 .  3 : 1  

(a ) Ha rm C'ni ::- ally re lated: 0 dbm . 2·- 7  GHz 
{ b )  Othe r :  - !)0 dbm above t.- GHz - 1 0  ·dhm , 

7 - 1 0  GHz 
( c )  All: 0 dbm be low 2 GHz 
Les s' than 3"/o ( 0 .  2 5 db p<.we r ratio) 
Les s  than 4 .  !)O rm s a s  m ea s ured with a 
phas e  cohe r ent receive r having a loop baAF'i­
width Z BL = 5 0 cps · 

Fixed at :t 1 .  Z5 radians :t 5% 
+2. 5 to +5. �. volt peak- to-peak ( bina t:y 
voltage only) 

l 1 . 
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Table 2 - 1 3 . Data Subsys tem Transmitter Leading Particula r s  (cant) 

Characteristic Valu£. 

Modulation pola rity + phas e  s hift for + modulation voltage 
Mod-�lati on frequency 2.00 Hz to 1 2  KHz/ binary voltage 
Modulation input impedance 22K ohm minimum s hunted by les s  than 

1 00 pf ( ac c oupled) 
Supply voltages +29 vdc ± 1% + 1 2  vdc ± 1% 
Supply power  9. 5 watts maximum ( 9 .  2 watts nominal 

= B. 7 w @ +2 9 v + 0 .  5 watts @ + 12v) 
Telemetry outputs (a)  Os cillator c rystal tempe rature 

(b) Heat sink temperature at highes t  power 
s tage 

(c )  RF level at output (AGC voltage ) 
·- (d) Supply current to power  doubler 

Weight 1 .  1 3  pounds 
Form factor 7 .  5 x 2 .  0 inches mounting surface x 1 .  50 

inches in height exclusive of c onnectors 

the 1 42 MHz o scillator and the phas e  II).odulator provid_es impedance m:J.tching and 
circuit isolation which enhance modulator stability. The analog phas l'� modulator 
contains a pair  of back-to-back varactor diodes which vary the capacitance of a 
parallel resonant tank c ircuit  by varying the diode back bias at the m-::>dulating fre­
quency. A modulator driver maintains the proper diode bias voltages for binary 
modulation voltage variations from 2. 5 volts to 5. 5 volts peak-to- peak. 

The out.put of the phaee modulator i s  applied to buffer amplifier,  AGC - controlled 
amplifiP-r, and frequency double r  stages.  The buffer ampiifier stage between the 
phase  modulator output and the AGC- controlled amplifier inputs prevents mod•l­
lator tank circuit detuning which would be c aused by amplifier input . impedance 
changes resulting from temperature and aging. The times two frequency multi­
plier stage increases the carrier frequency to 284 MHz. 

The 284 MHz output from the frequency multiplier is  amplified by the powe r  am­
plifier,  and doubled in frequency by the power doubler. A times four varactor 
frequency multi plier then quadruples the carrier frequency. The output frequency 
is between 2275  and 2280 MHz, depending on the selection of the c rystal- controlled 
oscillator.  A stripline filter reduces  spurious harmonic s of the output signal to 
30 db helow the car rier. Additional spurious rej ection is  prcvided by the inter­
facing diplexer.  A directio�al coupler built into the filter provides an RF output 
to the AGC circuit. 

Monitor circuits provide analog signals to the data proces sor indicating the status 
of current supply, AGC voltage and the temperatl!res at the oac illator c rystal and 
the power heat sink. 

· 
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+Z9 V 

+Z9 V 

Z9 V 
R TN. 

AI • 0 
+ 1 Z  V 

� CURRENT SUPPLY TLM 

r----HEAT SINK TEMP. TLM 

I I �";,� I ·I �
W

ER I I 

r;: - - - - - - - :-� 
VARACTOR STRIPLINE I I WATT 

X4 FILTER 

I H3 dbm I L-- _ _ _ _  �4;!_dbm 1 +30, 5 dbm 
L..:::=�J I. 2276. 5 MHz 

OU TPU T __J:t: 1. 25 R AD. 

+10 v 

I +lZ V 

+ 1 Z  vJ 
� BUFFER 

AM PL. 

I 
I 
I 
I 

+Z9 v · 

+ 1 Z  V 

AGC FILTER , 
DETECTOR, AMPL. 

+ 1 0  v - 1 8 v 
BIAS 
SUPPLY 

L: _ _ :...J 
+4 dbm 

r- - - .... 
AGC VOLTAGE 
(Pwr Out) TLM 

MODULATOR I ! .I DRIVER 

I 
;- MOD. 

I+S dbm z. 5 v to 5. s v 
BINARY INPUT 
MODULATION 
VOLTAGE FROM I 

I ,__ 
OSC. II 

I 

XTAL TEMP. 
��-----------.

TLM 

1+ 1 0  v 

+ 1 0  VDC 
PO

W
ER 

REGULATOR 

+ Z 9 V 

+ l Z  "'l 
_ ... 

+ 1 2  v 

DATA PROCESSOR I BUFFER I I AMPL. 

L: _ _ _ !...J NOTE: 1 
z 

POWER DISTRIBU TION UNIT SUPPLIES + I Z  VDC and + Z9 VDC· 
ENGINEER ING STATUS TELEMETRY SIGNALS TO DATA PROCESSOR. 

Figure Z - 38. Data Subsystem Transmitter, Block Diagram 
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2- 52. DATA SUBSYSTEM POW ER DISTRIBUTION UNIT 

The power  distribution unit ( PDU) distributes power t..> experiment and central 
st<l tion components and provides c ircuit overload protection and power switching 
of s elected c ircuits .  The PDU also provides signal condit ioning of s elected 
central station and RTG telemetry monitor s ignals prior to input to the analog 
multipleY.er for analog-to-digital conversion and subsequent data transmis sion to 
earth. 

2 - 53 .  Data Subsystem Powe r  Distribution Unit Phys ical  Desc ription. A PDU i s  
shown i n  Figure 2- 39 .  The power  distribution unit is  compris ed of five pr inted 
circuit cards,  a mother board to provide interconnection between. the individual 
boards ,  the component connecto r,  a ca se,· and a cover. All electrical inputs are  
made through a rect�ng•1lar, s c rew-"lock, 244- pin· connector . 

, ·  

--

.. • :  

. 
�� ' ' 

t •• � 

-- � � 

J ) 

Figure 2 - 39. D:ata Su�syst�m Power Distribution ··unit 

. The amplifie r  board mounts the 'RTG · temperature · sensing bridges  and amplifiers, 
the power  reserve sequenc;er  �ompar ator,  and one exper iment power  control 
circuit. 

The experiment d�ive card contains the relay driver, r elays ,  fuse s ,  and a s soci­
ated circuit components !o1· the power control of four experiments .  
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The signal conditioning and logic card i s  compri s e d  of the resistive divide rs 
us ed for thermi s tor temperature sensing, nicke l wire temperature s ensing and 
voltage monitoring. Additionally, the required gate s , flip -flops ,  and gate 
expanders used for counting and decoding in the reserve pow e r  sequencer, 
are m ounted on thi s  card, 

The central station pow e r  control card provides mounting for the relays , drive r s ,  
and circuit overload s ensing relays ass ociate d  with the transmitte r ,  receiver ,  
data proc e s sor,  power dis sipation module load No . 1 and No. 2 ,  and ba <:kup 
heater power control. 

Circui try for the dus t  detector e lectroni c s  is m ounted on a single card. Lead­
ing particulars of the pow e r  dis tribution unit are lis te d  in Table 2 - 14 . 

Table 2 - 14 .  Data Sub s ys tem Pow e r  Dis.tribution Unit Leading Particulars· 

Characte ri s tic value 

Form factor:  2.  8 x 4 .  0 x 7 .  25 inches 
Weight: 2 .  4 pounds 
Powe r  consumption: 1 .  75 watts 
DC input voltage s :  +29 vdc 

+15 vdc 
+12 vdc 
+5 vdc 
-6 vdc 
- 12  vdc 

2- 54. Data Subsy s tem Pow e r  Di stribution Unit Func.- �nal De s cription. The 
functional de scrip tion of the powel' dis tribution unit is divided into three major 
functions : 

a .  Power -off s equencer 
b. Temperature and voltage m onitor circuits 
c ,  Power c ontrol to expe riments and central s tation. 

Figure 2- �0 shows a block diagram of the PDU. 

2-55. Power Off Sequence r  - The pow e r  off sequencer of the PDU detects mini · 
m um reserve power and s equentially turns off up to three pres elected experi­
ments to bring the power r e s e rve within acceptable limits . The minimum re ­
serve pow e r  i s  detected b y  m onitoring the voltage across a pow e r  conditioning 
unit resistor. This voltage i s  applied to an ope rational amplifier us ed as a level 
detector. .._\n RC delay nef;wo rk is employed at the output of the leve l detector. 
'fhe ontput of the delay is applied to a 3econd lev/31 de tector which drives the 
pow e r -off s equencer logi c .  This arrangement turns on the power -off sequenc� r  
logic input gate when the res e rve power drops below acceptable leve l s ,  

2-69/2 ;. 70 

..,.. ..... _""'t"',� .. ��:'IW.i""""'-'tt§!W!'lil74� .. ).�'�.�-"''\lll!!_¥01f'i+""'+ll'll'411"'"f""'-�11)""'44M""'iiii'-·(iii�P:p;to-QAA-TO:..,ilfii!!'Mt!W�-••;,_w,..M\'0!!,42!1'11 UUA-'l'!. &W!!I'WII\'�.�pc; ... ;; .. p..,tm-WA""'i*""'' !"'"' ----. ... C ZII".'"!',..,M .... ¥U ... :O"";!"".,.'*""'IJ¥-0""'4-'"""f" *"1!' MMt,..t't!Jl*'! � 



�----�------�--�------ �· --- - -- --� -�__._ ____ _ _ I -

.... tel 'db t f'h d _ �- *'..,_dit'w+ii"' JS , * JOCf f' · rt so t a -- .. " 
't 

. cw* •trf6ekHit 'iteh·dL � --0 ""'*'- ...,._, .... 111 ·--·-•u• 
' 

' 

• :fit iw ;. ' 1 ttf f '-- ---·-

-

.. - .. 0 .: ... , .. ... - - - • 
-

i 

-·· -., .. .. .......... > - --,.'""·-- ----.-...........-......... -

• 

. ._ 

----

--
........ 

----�.-=='-' ...... >-+-----��� �-------���---------)"*� - '  
c .. orr -:� ·--�� ) .... t.O .. 1 ______ "1· ••u'l' · 

c ... orr DIUY&a 

>-----

-�-·: I �  I , .. : ... - · 

I I .-n;a --
I 

a. .... . ---- �--� .I u::� 11.1 ,�-· a.. ...... . .. .-.. -�--� ��� �l� 1,1111 )�a�-· 

�: ill i�lllllll :=-· 
l ��-- -------' 

"mDP IIIO,'I 
... ... 

�a.-. • 
---·-

� . ... .... -

� a-- • .. --

ALSEP-MT-03 

.u•ac�• a.tWUTOa IR:WI 
'1'0 AID CO'"'&a'I'O& 

����.;::PC�-tt-Tt--f---� .... :II YDC: 

r-f1�§Je-L_J----------------'>:� .. "!��C:nama 

>-HHH������-r------.J[::::::::::_::iM��7=� •• ,!11': r------------41'Y,,.v':CeOffwl:aTCa 
·>4HH1f����.{-��---------�---------�-�---_-_-_-_-_-_-_-_-_-_;;�.�·�c:::�� .... D(' 

I ttt--------§�2).=;--�:::::_-�-----__ '>�:��: ��rwzuoa 
AI:CEIYitA 

L-------��uc����vac 
r-----------��u�::�:;• C�XWN�· )-������-----ir--r��--==� .&LCCT ��11111!���� "" YDC CMDXMftOII m x•na �A" 

•II 'II'OC 
T'O li.IIITII ... " 
• l  .. YDC 
I'IJ IUU111 ... " � DII'tii. On' ·� ;�L&XEA �X..-ra ... � 
+UYDC ....... 

C·• YDC ...,..,'I'OIU Tlol OUTPUT TO C:Z:::JIC �cr::.!.'!:;.�� 
·• YOC I _.....,...., f•t 1'DC IIOiftTCI.. )"TN OU1'PII1' 10 I f  ··� ��=:�'o��n I I �:��;�:� ... I f  - - - �-� 

•tYOC l_____r=.� Ctl� 'IIDC MOifi'T'Oal �1' .. OUTPUT TO -� II.NII.U'(;; .. ULT!II'L&XII:k Il l --i-
To.�,';';!£nuu. 

r r  I•II:YDC .... TOal TMOVTP\IT TO I I  � ;:-"".'i:�c:�i"fPLCXn 
ftii:YDC�I �twC:.l'�t TO -� - . ��-:'Jtf?��:;an 

� ��:OO:ccoc.u 
f+ 1• IDC M01fl1'0&1 'tM OUTI'V't TO � CPDU DfftUIAL �&M�. t !E:����:c-..:: -�- fPDII IMU KMJI.t . - �.!:..�':!L�Q ......... .......... If������� --�� 

- - · - -· 

:==::=::=::=:=====�..r-----. } �� 

•n,:::�:!n:••·� '":l*:�r':, ,.a. ... •�------) 
-:o-:·�T":

TCMP�� n.:ouc,",�'!.� tbl•�----� 
ST:o�:�:!J

TC .. P
)---

� 

ST!ollt:�:!1ttiiiJI� 

���":c,L;::.:,c� 
����L �::.!,c� 
���':-L :';-:".!,c � ��� .. ��L ;;:.:,£�� ) 
���-:,� ���!�>--- ·---� �c-:!: UtWt.ATIOM)---��--------� 

C::!,�K C'ISUU.TJOII')--- � 
��,!u:c:�:: •co}-� ------� 
�;Jo::a;J:�T �� 

ft-'15lt T"!t"'"''"'' >--� 
.,.1;T�ffi�!r!.l� 
"lli " IIAII: TI:MP (TMI� 

lll'��'E�"�� ... � 
��-"�1': .. ��� - ---+ 

A1GHOT "'-'MC, � __ -� fiiiO I 'I'CM .. ITMt� 
ATCI MOT riUo .. lt� � �� 
HO I TI:MP!TIII I �Itt.r:Y.i .. 
I.TCOH01' rMMI: •r�r�nv.: 
NO J TI:M" ITW\ IIJ!Xr .. 'f:l. COLD n.AMC�FSI'TIVl: 

NO, I TIEM.tTMJ fllt!DGJ ATCCt•LO rMIWC'-��� 
MO I T.tWP ITMI � 
a<tc; COLD ....... ME�-"" IIO ' TJ:II,.II'W1 �7 

• •c: C:t.OCIII' 
I'OW!U. UvC.L 
I&NS& ri.OW I'CV 

acr. 

acrcaENcc 

] ............ MVL 'l'diLCZD 

_ .. _ 
_..u 

] ........... ,.VLTIPL.Dita 

�· {- DUSt' UltT&:cTOa r-·--t} TO &tu.I.OD 
t:L£CTaort�C• --• QgLTIJt...D&a 
-----. 

]----� .,.__._______;; :. arTIIIO. tn•--:_ Figure Z-40. Data Subsystem Power Distribution Unit, Block Diagram 

Z · 7 1 /Z-7Z 

0 • .. .. ... 0 

f f f I f i 
' 

t I i' J f 
l 
f . 
i 

...... 



I j I , 

0 

I 
ALS£1 ... - M  l '- U J  

The power-off sequenc er logic input gate pa s s es a I K H z  clock signal t o  a five­
stage binary c ounter. The counter accumulalP. s the 1 KHz count until the reserve  
power become s g reater lhan the minimum level. The counter output is  fed to de­
coding gates which sequentially turn off up to three preselected expe riment s .  

The sequencer decoding gates  are connected s o  that upon turn-on o f  the logic in­
put gate, an output ground level signal is provided during the count between 1 and 
9 millis econd s to the experiment No. 4 standby - on relay driver.  This relay re­
move s experi ment prime power and applie s  powe r  to the standby line. If the IPU 
overload persists ,  the ground level s ignal supplied to the experiment No. 4 stand­
by line is r emoved and a ground level signal is applied to the experiment No . 3 
standby- on command input during the next 8 - mill isecond period (when the count is  
between 9 and 17  milliseconds) . The sequencer could c ontinue in the same manner 
until a third e::vneriment (No .  1 )  i s  in the standby mode if overloading per sists .  If, 
however, the overload is  removed within the sequence, the counter  w ill  be reset 
when a satisfacto ry powe r  reserve signal i s  obtained. 

2- 56. Temperature and Voltage  Sensor Circ uits - Operational amplifiers are  
used to  amplify the r e sistive bridge outputs for the IPU hot and cold  junction 
temperatures .  The temperature sensors located on the RTG a r e  platinum wire 
sensors.  The hot junction 3ensor  r esistanc e i s  about 277 1 ohms at  900°F and 
3 1 39 ohms at 1 I 00°F for a· resistance change of 3 68 ohm s .  Tht: cold junction 
sensor resistance i s  about 1 78 5  ohms at 40 0°F and 2 1 90 ohms at 630°F for a re­
si stance change of 40 5 ohms .  The bridge output amplifit:d by a gain of 1 4. 9 for 
the hot junction and 1 0 .  5 for the cold junction gives  a voltage swing of 5 vdc over 
the temperature range. · Bridge excitation i s  12 vdc on both the hot and cold junc­
tion tempe rature circuits .  

Each thermistor temperature s ensing network consists of a 3 0 10  ohm, one percent 
resistor in s e ries with a l SK ohm ( 2 5°C) therll'istor and a second 3 0 1 0  ohm re­
sistor to ground. The divider excitation i s  12  vdc. The output is  taken across  the 
30 1 0  ohm resistance c onnected to ground� The resultant output, although not per-

. fectly linear over the - S0°F to + 200°F temperature span of m easurement, pro­
vides an output measurement with very low dis s ipation of power. The maximum 
s ensor current i s  less  than 2 milliamperes ·. 

The nickel wire temperature sens o r s  (2000 ohms at the ic e point) are used in 
dividers to monitor expos ed structural temperature, multilayer bag ins ulation 
temperatures , and sunshie1d temperatures .  The ciX"cuit is a s imple divider con­
s isting of 12 vdc · supplied through 5900 ohms and the sensor to ground. The out­
put analog signal is taken ac ros s  the sensor,  providing a reasonable l inear re­
s ponse from - 300°F to + 300°F. The maximum c urrent through the sensor is less  
than 2 milliamperes .  

Voltage monitor·s are provided for each of thP. six voltage outputs of the power c on­
ditioning unit. The positive voltages are monitored with resistive dividers  with 
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an output impedance les s than l C K  ohms.  The two negative voltages l ines are Q al so monitored by dividers .  The 2. 9 - vdc supply i s  used as a bucking voltage to a . 
po sitive output of 0 to 5 vdc as required by the multiplexer. The output impedanc e 
is le s s  than l O K  oh1n s.  

2.- 57.  Power Control - Four transi storized relay drive r s ,  magnetic latching re­
lay s ,  and one magnetic latc . •  ing relay ac ting as  an overload sensor ( c ircuit 
breaker) perform the c ontrol and c ircuit breaking function for each expe riment 
prime power line. Trc experiment standby power line i s  fus ed at 500 rna. and has 
no re set capability. Spike s uppre s s ion and steering diodes are also inco rporated. 
The stee ring diodes  provide isolation between command lines and astronaut con­
trol line s where required. Three command input s  are provi<.,;.ed for each expe ri­
ment power control c ircuit a &  follow s :  

a. Experim ent operational power- on command 
b. Standby power - on command 
c .  Standby power- off r.ommand. 

The three c ommand inputs operate one o r  both of two power  switching relays ,  de­
pending on the command received. One relay provide s the selection of either 
standby power or operational experim ent power.  The other interrupts the standby 
power line. The r ec eipt of an experiment ope rational power-on command will 
transfer the pow er select relay to a position which provides power through the 
current sensing c oil of the c 1rcuit breaking relay to t.he experiment electronics .  
A separate manually operated switch is  provided t o  s upply the . expe riment opera­
tional power-on command fo r each experiment in the event of uplink failure. A 
second command ( standby power- off) operates the relay coil of the standby power 
interruption relay to open the circuit supplying power to the standby line. The 
standby power -on command, however, operates on both relay s.  The standby 
power-on command c loses  the selector relay c ontacts supplying power to the 
standby power relay contacts and also closes that relay ' s  contacts so that power is  
applied t o  the standby l ine . If the selector relay i s  in  the pos ition which supplies 
ope rational power to the experiment power line and the standby power interr uption 
relay contacts are clos ed, two commands must be initiated to inter rupt all power 
to an experiment. These  commands are the standby power-on command follow ed 
by standby power- off command. 

C ircuit breaker operation ia provided by internally generating a standby- on com­
mand using the contacts of a current sensing relay. Should an overcurrent con­
dition exist through the sensing coil in series with the experiment operational 
power line, the contacts  of the sensing relay break the normal standby-on c om­
mand line and apply a ground signal to each of two relay drivers.  One r elay 
driver operates the power s elect relay to the standby-on position. The other 
driver operate's the standby power interruption relay to close the contacts supply­
ing power to the standby power line. Operation of the standby power  interruption 
relay provides power  to the reset coil of the overload sensing relay thereby 
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resetting its contacts to  permit normal standby- on c ommand inputs .  Provis ions 
have be en made to shunt each current s ensing coil to provide a 0. 5 amp capabil ity 
to all experiments. 

A high conductanc e diode is paralleled ( in a fo rwa rd bia s ed condition) with the 
current sensing coil of the overload s en s ing relay . Th is  diode pe rmits an exten­
sion of the dynamic range of the overload s ensor to hiE;h trans ient ove rload s .  Two 
resist ive summing networks provide a telemetry output to indicate the pr esenc e 
or absence of standby pow er for all expe riment powe r  switching c ircuits . 

Tran smitte r pow er control and overload protection a s  shown in Figure 2 - 4 1  us es  
twv power control r elay s ,  four overload s ensing relays , and as sociated relay 
drivers . Four commarlds are r equired:· 

a. Transmitter on 
b. Transmitter off 
c. Transmitte r A s elect 
d. Transmitte r B s elect. 

TRIP 

�� DRIVER � 
+it9V TO 

rl CKT. BKR. r 
HEATER 

DRIVER J-- =It r A 
! CKT. BKR. I-H -1-

TRANSMITTER TRANSMITTER 
ON/OFF - T RANSFER 
RELAY RELAY -
(Dpdt) (Dpdt) - - �CKT. BKR. r DRIVER t-- ·-o 1--4 

I DRIVER I 
TRIP 

ycKT. BKR. r . ...J---1 l l  
7ZO :t lO DAYS \Tl:� 

Figure Z - 4 1 .  Data Sub system Transmitter Powe r  Control 
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DIPLEXER 

RETURN 

i The i.ran smitter on and off commands operate the double- pole, double-throw re­
lay which switche s both l Z  vdc and 29 vdc to the transmitter transfer relay. When 
the  tran smitter control relay is off, nominal trans�itter ope rating power is  � 0· . 
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applied to the transmitter heater wb ich maintains thermal balanc e within the cen- () tral station. Two power lines to either of two t ransmitters are selectable via 
transmitter A or transmitter B select commands as appropriate. If either power 
line to e ithe r transmitter i s  overloaded, the contacts  of  the overload s ensing re-
lay transfers  the transmitter s elect relay to supply pow e r  to the alternate trans -
mitter.  When power i s  transferred to the alternate transmitte r, the c i rcuit over-
load s ensing r elays are  both re set and the normal command link inputs a re re-
stored. Diplexer switching power,  r equired only when transmitter B i s  selected, 
is obtained directly from the 1 2  vdc t ransmitter power line. 

A transmitte r  turn- on capability is provided by a manually operated backup switch 
which is us ed if an uplink cannot be established following deployment of ALSEP on 
the lunar su-rface. 

The command receive r requires both 12 vdc and - 6  vdc for ope ration ( Fig-
. ure 2 - 4 1 ) .  The - 6  vdc line is not provided with circuit protection because of the 
high reliability of the - 6  volt line load. The 1 2  vdc line is provided with overload 
protection which uses  a magnetic latching c ircuit breaker r elay. The sensing 
coil of this de-vice w ill interrupt the 1 2  vdc of the r eceiver when c urrent i s  exces­
sive. Since no r edunqagcy of r eceiv e r s  exists ,  a 1 2 - hour r e s et pulse  is  s upplied 
to thP. breaker every 1 2  hour s .  If the receiver  i s  tripped off, a receiver heater 
load is  energized by the transf�r of the circuit breaker c ontacts to maintaip ther­
mal balanc e. 

For data proc t! S S Q X: powe r · control (Figure 2 - 42) , r edundant electronics a r e  
switched using sta.ndard mag-netic latching relays. The s e  r elays ax· e  controlled by 
standard commands. Overload protection i� not provided. 

I 

Powe r  dissipatio? module l ,  pow e r  diss ipation module .2 ,  and the c entral station 
backup heaters are  switche i off and on by ground command only • . -
Electronic s for the dust detector are  mounted on a printed c ircuit card in the PDU 
and c onsist of the fc:>llowing three functional a reas:  

a. Powe r  switching 
b. Operational ampl ifiers  
c .  Temperature measurement. 

The power switching function switche s 1 2  vdc and - 1 2  vdc power to the ampliiiurs 
upon r eceiving a ground command. Power protection for the card is provided by 
individual fus es on each of the two voltages. 

The operational amplifi er consists of an int�gr�t"'� circuit differential amplifier 
with added circuitry to establish a clo s ed loop fixed gain configuration. Its func­
tional purpo se is to condition the output of the photocell detecton, which act as  
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wiable cur rent sourc es of a 0 to + 5  vdc varying de level fo r telemetry informa- · 
�·-11· Tem peratur e  meas urement is accomplished with a thermistor attached -to 
the photocell and a series re sistor, located on the c ard to optimize thermistor 
sensitivity and provide a 0 to + 5  vdc telemetry signal. 
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Z - 5 8. PASSIV E SEISMIC EX PERIMENT ( PSE) SUBSYSTEM 

The pas s i ve seismi c expe rime nt ( PSE ) is de signed to monit o r  s e i sm ic a d iv i t y ,  
and i t  afford s the opportunity t o  detect mete oroid  impa ct s  and f r e e  os ci lla tio n s . 
It may also detect surface tilt pr oduc ed by tida l  d e for mation s which r e s u lt,  i n  
part, fr om peri odic va riations in th e s t r e ngth and d i r e c t i on o f  e xte rna l g r av i t;1 • 
tional fie lds acting upon the Moon and chang e s  in the ve rtic a l  c om ponent of g r a v i ­

tational acc e leration . 

Analyses of the velocity, frequen c y, amplitude, and attenuation cha r a c te r i s ti c s  r,f 
the sei smic wave s should provide data on the numbe r  and cha racte r of lun a r  s e i s ­
mi c events,  the approximate azimuth and d i stance to their epicente r s ,  the phy s i ­

cal pr ope rties of subsurface mate rials, and the gene ral structu r e  of the luna r i n ­
ter ior. 

In the lower frequ ency end (approximately 0. 004 to 3 He rtz)  of the PSE sei smi c 
s ignal spe ctrum, motion of the lunar surface caused by s ei smic activity will be 
detected by tri ·-axial, orthogonal di splacement amplitude type s ensor s . The se 
sensors and a s sociated ele ctr onic s compri se the long period ( LP)  sei smomete r .  
In the higher frequency e nd (approximately 0. 05  to  2 0  He rtz ) of the PSE sei smi c 
signal spectrum, vertical motion of the lunar surface caused by seismic activity 
will be dete cted by a one -axis velocity sensor. Thi s s ensor and a s sociated ele c ­
tronic s compri se the short period (SP) se ismomete r. 

Two s eparate outpl,ts are pr odu ced by each axis of the LP. sei smomete r. The 
primary output i s  proportional to the amplitude of low frequency sei smic motion 
and i s  refe r red to a s  the seismic output. The s econdary output is proportional to 
the ve ry low frequency accele rations and i s  r efe rred t o  a s  the tidal output. The 
tidal output in the two LP hori zontal axe s i s  proportional to the amount of local 
tidal tilting of the lunar surface along the s e  axe s, as indi cated by char,ge s in de 
signal level. The tidal output in the LP ve rtical axis is  proportional to  the change 
in the lunar gravitational accele ration a s  dete rmined by that axi s, again as related 
to change s in de signal levels. The SP sei sm�me4:e r yields a seismic output pro­
portional to seismi c motion in the ve rtical axi s of the instrument. 

Ele ctronics l[l.sa :>ciaLed with each sei smometer a•� 1plify and filte r the four seismic 
and three tidal output signals .  The s P  seven signals are c onverted by the PSE sub ­
system to digital f"rm, and released upon receipt of a demand pulse t o  the ALSEP 
data subsystem for transmission to Earth. The tempe rature of the PSE sens or 
a s sembly is moni tored and provided a�: the eighth PSE digital data output. E:.ch 
ALSEP telemetl"f format contains 64 wotds ; 43 are used to transmit th� eight PSE 
s cienti fic data O 'ltput signals to the MSFN :stations on the Earth. In .a ddition, eight 
analog si g':lal.s conveying engineering data from eleven sour ces in the PSE are 
routed ove r separate line s to the A LSEP data subsystem. multiplexed into the 
ALSEP housekeeping telemetr y word (No. 33 ). and transmitted to Earth to permit 
PSE status to be monitored. 

Initiation and control of certain PSE internal functions is accomplished by 1 5  
di screte command s relayed f1·om Earth through the ALSE P  data subsystem. 
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2- 5 9 .  PSE PHYSICAL DESCRIPTION 

The PSE ( Figure 2-43)  is compos ed o£ four major physical comP9nents .  The 
sensor a s s embly, l evel ing stool , and thermal shroud are all deploye d togethe r 
by the astronaut .on the lunar surface . A separate electronic s assembly is located 
in the ALSEP central s tation, and provides the electrical interface with the 
central s ..ation . 

2- 6 0. PSE S ensor Assembly. The sensor assembly is generally cyl indr ical �n 
form, and is fabr icated princ:pally of beryllium t c· achieve l ight weight and long 
term stabil ity . The base of the cylinder is hemi:. ,?her ical to permit rough level­
ing of the s en sor upon the l eveling stool dur ing deployment by the astronaul .  Th� 

long per iod {J...P) and short per iod (SP) s eismometer s ,  the sensor leveling plat­
form, the cag ing mechanism, and as sociated electronic s  ar e contained in th e  
sensor as s embly . The pr incipal struct\.:.ral el�ments of the sensor are the base 
and the g irr.bal - platform a s sembly on which the LP s eismometer s  are mounted . 
The LP seismometer compr ises three orthogonally oriented, Lapacitance type 
s eismic s enso r s ;  tw o  hor izontal ·axes and one vertical axis . T'ne LP hor izontal 
sen::oors compris e 1 .  65 pound mas se s  mounted on the ends of hor izontal booms . 
The boom and mas s  assemblies ar e suspended from the sensor :frame so that they 
are free to rotate through a very limited portion of their horirt;ontal plane s in the 
manner o! a flwinging gate.  Inertia of the ma s se s  cause s them to tend tc. remain 
fixed in apace when motion of the supporting frame occu r s  du· :  to seismic motion 
of the lunar surface. The capacitance type t ransduce r s  attached to the inertial 
ma s ses produce an output ·proportional to the amount of di splacement of the frame 
with re spect to the mas se s. The LP vertical axis differ s  from the hori zontal axa s 
in that the boom mounted mas s  is  suspended from the f�ame by a ze ro length 
spring. The spring i s  adjusted s o  that the weight of the boom/mas s  as sembly is 
compensated by the spring tension. The LP leveling p�atform i s  �imballed through 
Bendix flexures and is  po sitioned by lev�ling motor s along two horizontal axe s. 
This permits leveling of the LP seismometer s  to within three arc -seconds of le vel. 
Independent P.Ositioning of the sensor in the LP vertical axis to the same tolerance 
i s  pr ovided by a separate leveling motor whi ch adju st s the tension of the suspen­
sion spring. 

The SP seismometer is a �ingle- axis devic e contaLing one ver tic:ally mounted, 
co il - ma gne t type seismic a ensor mounted directl y  to the base of the sensor as­
sembly. Leveling of the SP seismometer is .:\ ccomplish"' -!  to the degree required 
by leveling the entire a83embly. 

Caging is  pr ovided by a preuur1zed bellows. When pre s suriz�d. pins are inserted 
into "ach inertial ma s s, raising the mas s  and thereby unloading the suapension 
system o£ each s ensor. P1 e s aure in the caging mechani sm is relea�l!d by firing a 
piston actuator by Earth con-unand, after deployment, to unc-.ge the sensor s and 
free them for operation. 

The siesmometer elec tronic tt are conta.inetl in part in the sensor a s sembly and th-a 
remaind er is located in the ALSEP central station.  In the aeneor, fuur pr inted 

0 

• 

circuit board subas sembl ies are mount��t..! 5n  the base,  surrounding the SP seia ·· 0· mometer . These subauemblie s provi_.t. circuitry auociated with amplification, 
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demodulation, and filtering o f  the outputs of each of the four se ismic s en sor s .  In 
addit ion , the s ensor el ectronic s  prov idE:: for LP sensor lev eling , and s en sor a s­
s embly temperatur e monitor ing and heater control . The hea ter contr ol c ir cu i t s  
r egulate power to a heater lo cated in the ba s e  o f  t:l)e sensor a s s embly to compen­
sate for lo s s  of ther mal ener gy. 

When deployed, the s ensor a s s embly is seated in the l eveling s tool and covered 
with the thermal shroud . A pair of 1 0- foot, Z7- conductor (copper ), flat, Kapton­
coated, tape c able s  from the PSE are connected to a pair of 9- inch mang anin 
r ibbon c abl e s  from the c entral s ta tion el ectron ics ( CSE) prov iding electr ical con ­

ne ctions between the two units . Manganin is used on the CSE cabl e s to minimize 
heat losses from the ALSEP central station . A r eel mechanism on th e  1 0- foot 
PSE cabl es provides compact s towage while on ALSEP subpackage No . 1 .  

l - 6 1 .  :?SE Leveling Stool .  The l eveling s tool is a short tr ipod wit.h thr e e  the r ­
mal insulator s on its upper end . The s e  insulator s ,  together with the rounded 
bottom of the s en sor a s s embly, fo r m  a ball and socket joint which per mits manual 
l evel ing of the sensor a s s embly to be accomplished by a s ingl e  a s tronaut to w ith­
in fiv e degr e e s  of the vertica l .  The insulator s also provide the required degre e  
of the rmal and electr ical isolation of the s ensor a s sembly !rom tht: lunar surface, 
whil e  transmitting surface motion up to Z6 .  5 Hz, -O.r ��e ,  to the s ensor s w ith 

· ·�egligible attenuation. - : -

Z - 6 Z .  PSE Thermal Shroud . The thermal shroud has the shape of a flat­
c rowned, wide- br immed ha t .  Th e  crown portion covers the sen sor , while th e  
brim por tion (five fee t  i n  diameter ) covers the adjacent lunar surface.  Th e  crown 
and brim are made of ten layer s of aluminized mylar s eparated _by alternate layer s  
of s ilk cord which a r e  wound on a perforated, aluminum support. Th e  shroud 
covers the s ensor a s s embly and the adjacent lunar surface,  to aid in stabilizing 
the tempe ra tur e of the s ensor a s sembly. 

Qn top of the thermal shr ou� ax:e located th!' ball ,level ass embly, used by the astro­naut to l evel the s ensor to w1th1n plus or mmus f1ve degrees of horizontal, and the gnomon/compas s rose ass embly. used by the as tronaut to ori entate - the s ensor. 

Z - 6 3 .  �E El ectr
.onic s Ass embly . The PSE central s tation electronics (CSE) module 1s located 1n the ALSEP central s tation . Eleven pr inted circuit board su.b­as se�blies ar � contained in the CSE which provide the command logic cir cuits for the flfteen co:n:m�n.ds r

.
egula ting or controlling the PSE internal _ functions . Al so, the CSE �ont:aln� cucu1try a s socia ted with attenuation, amplification, and fil ter ing of the s els

.
ml� s1gnal s ,  proc e s s ing of the PSE s cientific and eng ineering data out­puts , and 1ts 1nternal power supplie s .  The CSE is phys ically and thermally part of the c entral station, but electr ically and func tionally par t of the PSE. 

2� 64 . PSE Leading Particular s .  The PSE is included on all scheduled ALSEP fhghts . The s en sor , thermal shroud, and CSE are all contained in subpackage number ?ne . The· l eve�in
.
g stool i's mounted in subpackage two .  Table 2- 1 5  lis ts the phys 1cal charac ter lStlcs and power requirements of the PSE and the per!orm­ance characteristic s of the eight PSE scientific data channel s .  
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Table Z- 1 5 .  PSE Leading Par ticulars  

Characte r i stic . _ ,  ______ ..._1_...:\..:•a:l;.:;:u�e-:...·�-----_-_-_-_----_-_-_-_-_-_-_-.-1 
.--------

Sen sor As sembly ,  including 
Lev el ing Stool and Ther mal 
Shroud (stowed configuration ):  

He ight 
Diameter 
W e ight 

Sensor 
Thermal Shroud 
Level ing Stool 

Centr�l Station Electronic s :  
He ight 
W idth 
D epth 
Weie:ht 

Phy sical Data 

Power Requir ements 

1 5 .  25 inches 
1 1 .  75 inches 
20 . 9 lbs . 
1 8 .  3 lb s .  

2 . 4 lbs .  
0 . 2 lbs .  

2 .  75 inches  
7 .  2 5  inches 
6. 5 inc he s  
4 .  1 lb s .  

Analog Electr onic s 1 .  61 watts 
Digital Electr onic s 1 . 2 1  watts 
Power Converter  Lo s s  1 .  7 1  watts 
Heater 2. 40 watts 
Level Sys tem 3 . 1 0  watts 

Functional Power and Hea ter ' 6. 7 0  watts 
Functional Power and Level 7. 20 watts 
Voltage I 29 .  0 + 0 .  58 vdc �-�--------------------------�--

Sc ientific Oata Signal Character istic s 

Minimum Detectable Signal: Max. Re<pirement 
SF and all LP s eismic s ignal s 1 0  miL 

Des ign Goal j' 
1 . 0 miL 1 LP tidal output s ignal s :  

LPH (Hor izontal ) 
LPV ( Ver tical ) 

Sensor a s sembly temperatur e 
Sens itiv ity at Maximum Ga.in : 

S P  and all LP s eismic .s igni'l.l s 
LP tidal output s ignals :  

LPH 
LPV 

Sensor a s sembly temper atur e 
Frequency Respons e :  

SP seism:ic s ignal 
(Odb = Sv/ IL ,  maximum gain) 

I 
' 

0 .  4 a::i." c - s ec.  
3Z0 ..... gaJ 

• 0 1  ar c - s e �  

+ 1 0 °C · 

5 .  0 v / IL  

0.  5 " / ar c - sec . 
0 .  625 v / mgal 
0. 25 v/°C 

8 . 0 IL gal 
+ . 0 2° 

- 40 db @ 0 . 0 38 sec . 
+ 42db / oct .  0 .  038 to 0 .  1 s e c . 
+ 20db @ 0.  1 o;ec . 
- 6db/oct .  0. 1 to 1 .  0 s ec . 
- 1 8db/ oct .  1 .  0 to ZO s ec . 
- 78db @ ZO s ec . 

-?¥ ... . .  -• (4#-""; f'� ¢.t ,l .. $-: ;: . ,� lf!.,P. JIR:;t¥) . .W.!f*#· ' . . . J$!.'i·!Jt�t49..,¢4 _.f£¥,b.@}f�·.·� 
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Table 2- 1 5. PSE Leading Par ticula r s  (cont) 

Char acter i s tic Value 

Scientific Data Signal Characteristics 
Dynamic Range:  

SP anc" all LP seismic signals 
All tidd signals 
Temperatur e 

All LP s eismic s ignals 
( Odb = 0 .  5v I �  , feedback fac tor = 
- 3 3 .  ldb, po st- ampl ified gain = 1 )  

Al l  LP tidal output s ignal s 

Sensor a s s embly temperatur e 

J.l. = micron 
mJ.L = millimicron 
v I  J.l. = volts per micron 
J.l. gal = micro gal 
mgal = milligal 

Analog 
80 db 
60 db 
60 db 

Digital 
60 db 
60 db 
60 db 

- 6 0dh @ 0. 3 sec . 
t 48db/oct .  0 .  3 oo 0. 7 sec . 

Odb 0. 7 to 1 5  .:;ec . 
- 1 ldb/oct .  J 5 to l OO s ec .  
- 1 8db/ oct .  1 5 0  to 2 5 0  sec . 
- 60db @ 250 s e c .  
- 74db @ 1 .  2 s ec .  
t 6db /oc t . 1 .  2 to 1 5  s ec . 
- 52db @ 1 5  se� . 
- 6db /oct .  1 5  to 1 50 sec . 

72db @ 1 5 0  sec . 
- 1 2db/oct.  1 5 0  to 750 sec . 
- 1  OOdb @ 750 sec . 

1 0 7 - 1 4  30 F ± 1 % 

The microgal and milligal are subdivisions of the gal , a geophys ical unit of meas­
ur e of  ac celeration in the cgs  system . One gal equal s an ac celeration o f  
1 em/ sec / s ec,  

2.-65 .  PSE FUNCTIONAL DESCRIPTION 

The instrumentation employed t o  achieve the objectives of the PSE is  functionally 
dividP�· into three long period sei smic data channels, three tidal data channels,  one 
sho .. t period seismic data channel. and a sensor as sP.mbly temperature monitoring 
channel. Thes e  scientific data channels ar e supported by s ensor a s sembly heater 
.control. data handling, uncaging, leveling, and power functions (Figure 2.-44) .  
Control is  achieved through I S · s eparate grou.nd command channel s  governing the 
following : 

· 

a ,  Signal cal ibration and cain i n  the four s eismic data channels 
b .  Filtering in feedback cir cuits in the thr ee long per iod channels 
c. Leveling of the s eismometer s 
d. Sens or ass embly heater 
e. Uncaging of the s eismometers 
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The c ommands a r e  discrete (on-off o r  sequential stepping ) and are transmitted 
from MSFN stations on the Earth, through the A LSE P  data subsystem. A discu s ­
sion of the se  commands and their basic functions is  provided in paragraph 2 - 6 8 .  

2 - 6 6 .  PSE Monitoring Functions . The thre e  long period seismic data channels 
are s imilar,  differing only in s ensor orientation in the horizontal channels, and 
principally in s ensor type in the vertical channel. The swinging gate type sensors 
in the horizontal channels respond to tilting as  well as lateral displacement of the 
lunar surface, while the LaCoste spring suspension of the vertical s ens or enables 
it to measure  chang e s  in gravitational acceleration as well as to accomplish its 
primary function of detecting surface displac�ment in the vertical axis . Seismic 
data is obtained in the following manner :  a capacitance type transducer in each LP 
sensor provides  a phase-referenc�d. output signal proportional to the amplitude 
of displacement of the sensor frame from its seismic ma s s .  This s ignal i s  amp­
_lified, phas e - demodulated, and filter ed to produce the LP s eis mic output signal 
for that axis .  Very low frequency filtering of this s ignal produce s  its tidal c om­
ponent. The short period channel i s  generally similar to the long period channels, 
although a coil-magnet type transducer is employed to produc e a single seismic 
output proportional to the velocity rather than the amplitude of displacement of its 
seismic mas s .  The s eismic mas s  in each of the four channels ha s a separate c oil­
magnet a s s embly a s sociated with c ommand-controlled step voltage s  to produce 
known input acceleration to each inertial mas s  for calibration purpose s .  In the LP 
sensors,  the c oil-magnet a s semblies are also used for damping and stabilization 
of the LP s eismic mas s e s  ,by means of negative feedback of the tidal signal. Signal 
amplification in each of the four da�:a channels is  command controlled. Fixed steps 
of attenuation �ay be switched in and out of the s ignal path as  required. The two 
output signals from each of the three LP channels. plus the output signal from the 
SP channel, ar e provided a s  analog signals to the PSE data handling circuits .  The 
signals are digitized and supplied to the ALSEP data subsystem as s even of the 
eight PSE scientific data output s ignals . 

The relative pos itions of the LP s ensor s vary with temperature .  The temperature 
of the s ensor a s sembly is  monitored by a tempe rature sensor in its bas e, together 
with a circuit which is capable of detecting change s  as small as · :I: O, oz o c . The out­
put of this circuit is applied to the PSE data handling c ircuits as. the eighth PSE sci­
entific data output signal, where it  i s  digitized prior to routing to the ALSEP data 
subs ystem. It is also applied to the sensor a s sembly heater c onh·ol circuit s .  

2 -67 . PSE Supporting " 'unctions.  The sensor as sembly heater c onf:rol circuits 
control the heater operating mode which is selected by Earth c om;nand. Three  
thermal control mode s are  provided: automatic, thermostat bypa s s  (manual on) ,  
and off. The automatic mode is the l'\ormal mode of operation, and c onnects 
power to the heater through a the!'mostatic c ontrol circuit which maintains the 
temperature of the sensor a s s embly within a preset level. The thermostat bypa s s  
(manual on ) mode applies continuou s power to the heater.  

The PSE data handline circuih c omprise  an analog -to -digital converter which 
conve rts the eight analog scientific data signals to digital form. The digital data 
is then formatted by the PSE into 1 0 -bit digital words for insertion by the ALSEP 
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data p r 0 ..: e s s o r  into the 43 as signed spaces  in each of the 64 - wo rd A LSEP t d <e ­
metry word fram e s .  Synchr onization and control  pul s e s  which C (;ntrol  tht: fo r ­
matting and readout of the digital data , are  received from the A LSEP data 
proce s s or .  Eleven analog status signa l s  from the PSE l og ic c ir cuits and from 
the uncag ing m echanism a r e  comb in�d ; 1to eight analog signals by the PSE dat < �  
handling circuits for transm i s s wn to -.:he A LSEP data proc e s s o r / multiplexe r .  
The data a r e  ins er te d  into :1-::>usekeeping wo r d  numbe r  3 3  o f  each o f  the eight AL: : 
telem etry word fram e s  a 1gned for transm is s ion of thi s  data. 

The LP s e i sm ometer s or!)  must be l eveled bek r e  they can be 
produc e us eful data. 1 eling · s ac com plished thr ough automatic and / or com ­
m and { manual) positiom " g  o f  the LP g imbal platform i n  it s hor izontal axe s ,  and 
the spring in the LP vertical a; �i�-<  ' · . :ms of independent, two - speed, 
level ing se r vos in each LP axi s .  T he tidal ou��ut signal of each axis may be u s e•J 
a s  it s leveling e r ror signal in both the automatic a nd c ommand mode s .  Mode 
s election and c ommand m ode positioning c ommands affect all three servo s ;  how ­
ever ,  power t o  the leveling m otor of each s er vo i s  contr olled hy s epa r ate c o.cn ·­
mand s .  The ability to activate leveling motor s s eparately provide s for independ­
ent leveling in each axi s .  B oth the automatic and c ommand m odes have two 
leveling speeds , c oa rs e  and fine in the automatic,  and high and low in the com ­
mand m ode. The coar s e  and / or high speed mode ( s ) a r e  norm ally used only to 
reduce leveling e r r o r s  to l e s s  than thr ee m inutes  of arc ,  and the remainder  of 
the leve�ing proc e s s  is  done in the fine and /  or low speed m ode ( s ) .  

I 
The s en s or s of the SP and LP s ei smomete r s  must be uncaged befo r e  they becom e  
operable.  Uncaging i s  ac com pli shed by a pyrotechnic piston a ctuator which 
b r eaks the pr e s sure s eal in the pres suri zed bellows type caging mechani sm in 
l' e spon s e  to Earth command or centr al stati on timer commands . B r eaking the 
pr e s sur e  s e al allows the caging s ystem gas to e s c ape, deflating the bellows, r e ­
l easing the caging pins, and unlocking the inertial mas s e s . 

The ALSEP power distribution unit furnishes 29 vdc operating and standby ( sur ­
vival) powe r to the PSE .  A pplica.ion of thi s power to the P�E i s  contr oll ed by the 
power distr ibution unit (PDU )  of the data subsystem ,  which al s o  conne cts standby 
power to the PSE heater c ircuit in the event of inte r ruption of operating power. 
Separate PSE power conve rters , located in the PSE central station electroni c s  
module, convert ALSEP + 2 9  vdc operating power into the various voltages 
r equir ed in the PSE circuit s ,  a s  describ ed in paragraph 2.- 78 .  

Z- 6 8.  PSE Command Functions. The following functions of  the PSE are  contr olled 
by commands from Earth: s ignal calibration and gain in the four s ei smic data 
cha nnel s ;  filte r ing in the LP feedback circuit s ;  lP.veling m ode,  speed, dir ection, 
and leveling motor power (for each axi s )  during leveling of the LP sensor s ;  contr ol 
of the s ens or a s s embly heater operating mode;  and a,rming a:1d uncaging the s ei s ­
mometer s .  A total o£ 1 5  commands are u sed for the s e  pu1•pos e s .  The c ommands 
are channeled ove r  1 5  s eparate c ommand line s conne cting the ALSEP command 
decoder to the PSE centr al station electroni c s .  The PSE CSE routes the command s 
over s epar ate l ine s to the s ensor ass embly. 
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The transmis s ion of a command from an MSFN station on the Earth to the PSE 
results in the generati on of a command pulse by the ALSEP command decoder on 
the appropriate command line to the PSE. Each of the 1 5  incoming ALSEP com ­
mand lines i s  terminated in the PSE c entral station electronics by a logic ci rcuit 
which has two or more stable states ,  one of which is preset by <;he application of 
A LSEP power to the PSE. Each of the two or more logic state,6 represents a 
certain command, such a s  power on or power off to the as soci.atcu circuit . 

.. 

j 

Rece ipt of the command pulse  from the command decoder causes  the logic circuit 
to ac.vance to the next stable state, changing the control voltage it applies to the 
as sociated c ircuit. The preset function insures that the signal or power circuit 
element a s sociated with each command i s  in the desired state when power is 
applied. The preset state of each command is l isted with the associated function 
in Table 2-16.  

All of the 1 5  command logic cir cuits are composed of one or  more flip-flops . 
Four of the logic c ircuits cons ist  of a two-bit, s er ially connecte· ;;ounter which 
provides four s table output sta t:es . ':.'hree of the se  counters control . switches 
which select section'> of s tep a ttenuators  in the s ignal pa ths and in th� cal ibra ­
tion circuits of the four seismic data channel s .  The four th counter control s 
switching relays in the sensor a s sembly heater control c ircuits . The eleven 
remaining fl ip- flops control switches  applying power to a ssociated c ircuits . 

The preset logic circuit i s  a form of one- shot multivibrator ,  which generate s 
the preset pulse  to the other logic circuits w·nen triggered by the application of 
ALSEP operating power. 

Commands 

1 .  U ncaging ( arm 
and execute) 

2 .  Feedback filter 
( in or out) 

3.  Leveling Mode · 
(Automatic or 
Command) 

4. Leveling Speed 
(Low or high) 

·. 

5. Leveling Dir· 
ection ( + or - )  

Z- 88 

Table 2 · 1 6. PSE Command Functions 

Functions 

The simultaneous uncaging of all four 
seismic s ensors.  Requires s eparate 
arm and execute commands. 

Switches the feedback (tidal) filters in 
all three LP channels in or out s imul­
taneously. 

Switches leveling mode of operations 
from automatic to command, or the 
reverse ,  in i\ll three LP axes .  

Switches  leveling speed in all three 
LP axes  from low to high, or the 
reverse,  while leveling in the com­
nland mode. 

Switchu leveling direr.tion in all three 
LP axes  to - ,  or the r.overse,  while 
leveling in t.he command mode. 

Preset State 

Caged 

Out 

Auto­
matic 

Low 

+ 0 
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Table 2.- 1 6. PSE Command Functions ( cont) 
..-------------,-----------:---�--------T-· . ··-------- - -

Comm1.nd s  

6 .  Coarse Sensor 
(in or out) 

7. Leveling Power, 
X Motor ( on or 
off� 

8. Leveling Power, 
Y Motor ( on or 
off) 

9 .  Leveling Power, 
Z Motor { on or 
off) 

1 0. Gain Change ,  
LI3-H (X, Y) 

1 1 .  Gain Chang e.  
LP- Z 

· ' 

1 2 . Gain Chang e, 
SP ( Z) 

1 3. Calibration, 
LP on or off 

14. Calibra .. ion, 
SP 

·
on

' 
or off 

1 5. Thermal 
Mode C ontrol 

Functions 

Switches power on or off to coarse  
leveling sensors .  

Switches power on or off to lev1�ling 
motor in LP X honzontal ax\s .  

Switches power on  or  off to leveling 
motor in LP Y horizontal axis .  

Switches power on or off to  leveling 
m otor in LP Z vertical axis .  

Progres sive.ly cycl�s the ( two) attenu- . 
ator s in \.he X & Y axes s ignal channels 
through 0,  - 1 0 ,  -2.0, & - 30 db steps , 
and the (two) attenuators in the X & Y 
axes calibration circuits through - 30 ,  
-20 ,  _. 1 0, & 0 db  steps a t  the �a .ne 
time. _Requires  one command per 
step, or a total of four for a complete 
cycle.  

Same a s  1 0 ,  except that only two 
attenua tor s ,  one in the s ignal, and 
one in the calibration cir cuit, are 
involv�d. 

Same as 1 0  

Switches powel' on or off to the step 
attenuator s in the calibration circuit s  
of all three LP axes .  

Switche s power o n  o r  off to the step 
'
attenuator in the SP calibration 
circuit. 

P1·ogr e s sively steps the heater con­
trol cir cuits through four steps, 
automatic mcde on o r  off, and 
thermostat bypa s s  m ode on or o!f. 

Oul 

Off 

Off 

Off 

.. 30 db 

-30 db 

- 30 db 

Off 

Off 

Auto­
matic 

l . ' 
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2 - 6 9 . PSE DETAILED FUNCTIONAL DESCRIPTION 

The seven seismic and tide monitoring channels and the temperature monitoring 
channe l ma y be described as the monitoring !unction. The output data handling, 
uncaging, leveling, thermal control, and power  !unctions may be desc ribed as 
the supporting functions . The following paragraphs provide detailed functional 
de scriptions of the monitoring and supporting functions . 

l- 7 0. PSE Monitoring Functions .  The long period (LP) s ei smometer monitoring 
channels are described fir st ,  followed by descriptions of the short period (SP) 
seismometer channels and the s ensor a s s embly temperature monitoring channel. 

2-7 1 .  PSE Long Period ( LP) Channels  - Each LP sensor channel (Figu re 2-45 ) con­

tains s igna l proce s s ing ,  electromechanical feedback, and calibration circuits. 
The sensors in �he two PSE horizontal channels (X and Y) are identical, employ·· 
ing swingmg gate boom and mas s a s s embli e s  with capacitor s ignal pickoff. These  
sensors are  mounted a t  right angle s t o  each other o n  the LP leveling platform . 
The boom of the X channel s ensor is or iented along the Y axi s of the platform , 
and the boom M the Y channel s ensor is ori ent ed along the X axi s  of the platform . 
pisplac ement of the X s ensor frame with r e spect to its seism ic m a s s  occur s in 
the X axis  of the platform ; at right angles to it s boom .  The Y axis s ensor func ­
tions s imilarly with r e spect to the Y axis . The gimbal platform i s  oriented 
during deployment s o  that' its X and Y axe s are horiz ontal and are loc-ated along 
known lunar azimuth s .  The vertical (Z ) c omponent s eismomete r is a LaCo ste 
type spring suspension. The suspension spring is mounted between the horiz ontal 
X and Y axes . All thr ee sensors  must  be leve led by adjus tment s to the platform 
and centering motors  before the y can prod�c e u s efu] output data ( s ee para-
gr;;.ph 2-7 6 ). 

' 

Late ral displacement of the horizontal sensor is controlied both by re storing force 
fr om a center ing Bendix flexure support and by feedback of the tidal signal to the 
damping c oil of the sensor.  . The frequency of the electrical feedback loop is 
normally reduced to near de levels  by insertion of a feedback filter in order to 
produc e the tidal output s ignal for that axis . H owever, displacement r e sulting 
from su rface tilting cannot be entire ly compens ated for by fe edback. If the tilting 
is large enough, releveling of that axis will be required • 

Each of the LP s ensor s contains a transduc e r  c onsisting of three parallel capa• 
citor plates .  The c enter plate is m ounted on the sensor fram e, while the two 
outer plate s are mounted on the seismic mass .  The outer plates  are connected 
to the balanc ed output of a 3 KHz oscillator. When the sensor is properly leveled 
the center plate is centered m idway between the outer plates,  i11 a null voltage 
plane. Displacem ent of the fram e shifts the c enter plate away fr om the null 
plane, induc ing a voltage in the plate in pha se with that on the outer plate it ia 
approaching. The amplitude of the induced voltage i s  proportional to the ampli· 
tude of displacem ent . The voltctge induc ed in the c ente r  , plate is applied to the 
signal proces sing circuits at that s ensor. The s e  circuits which c omprise a pre .. 
amplifier , pha s e  d emodulator, second amplifier , step attenuator ,  post-amplifier, 
and low pa s s  filter,  converl the voltage into the seismic output s ignal for that 
channel. 
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-

;...,.,: 
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FILTER 

· -

SEISMIC OUTPUT SICNAL 
TO PSE OUTPU'f DATA 
HANDLINC FUNCTION 

TIDAL O:J TPU T SICNAL 
TO PSE OUTPUT DATA 
HANDLINC AND LEVELING 
FUNCTIONS 

Figur e Z- 45 .  PSE Long Per iod Seis mic Activ ity Monitor ing Func tio n, 
Block Diagram 

Tha pr eamplifier provides the nece s sa ry amplification of t:O.e sensor output prior 
to its demodulation. The pha se demodu:i.ator demodulates the pr eampli fier output 
s ign2.l with r eference to the ph u e  of the 3 K Hz osc illator s ignal on one of the 
outer sensor plates.  The pha se demodulator also pr ovides a de output voltage 
whose polarity and amplikde are proportional to the direction and amount of di s­
plac err.ent of the s ensor element s .  The output of the demodulator i s  amplified in 
the second amplifi er and is  then appli ed to the following two s eparate units. The 
first of the s e  units is the step attenuator in the seismic signal path. The step 
attenuator provide s fixed steps of 0, - 1 0, -20,  and - 30 db attenuation of the signal 
according to commands r eceived from Earth. T.he signal pas sed by the attenuator 
is  amplified in the post-amplifier for application to the low pa ss filter which 
highly attenuates s ignal components above one Hert z .  Tee output of the low pa ss fil­
ter i s  supplied to the output data handling circuits as one of the eight PSE scien­
tific data outputs. The second sepa rate unit is the filtf,r bypa s s  switch in tho 
electromechanical feedba'ck signal path. The filter bypa s s  switch is operated by 
command. The output of the second amplifier may be applied either through the 
low pa s s  filter and isolation network of the feedback c ircuit to the feedback coil 
of the Reismic sensor, Ol' the filter may be bypa ssed and the s ignal applied 
direc: t l  y to the network and coil. The filter separates the tidal component from 
the s c i Hmic signal for use as (a) one of the experim ent scientific C:ata outputs, 
( b) a l1 1ng �eriod feedback s ignal for stabilizat ion and r e - centeiin.g of the s ensor 
!olluw l uf' periods of se ismic activity, and ( c )  a pos ition e r ror signal for leveling 
the c; ha nnel senso:r. The filter is bypa ssed when high rates of damping o! the 
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s ens or moven1 ent are r equir ed, such a s  during coar s e  automatic or hibh speed (� command ( manual on) leveling of �ht: ho r i z ;:., ntal s e ns o r s ,  or pe!"iods of unu st..a lly 
high se i sm ic activity. The filte r bypa s s  switches in the fccC:back paths of all  
three of the LP channel$ are operated s imultaneously by be ing connPcted to one 
fl ip-flop logic G.i rcuit term ina tin� the feedback filter comm and line. The pr , . set 
state of the log i c  circuit 'clos e s  th,_ bypa s s  switche s .  

The gain c ontrol and s ig nal calibr ation functions are irlcntical  in a ll three LP 
axe s .  The gain control function in each axi s  is independent of the calibration 
function; however, individual ca l ibration voltage s  in th , cal ibration fun•.::tion a r e  
s elected througl) the gain change commands of the gain co�t:;-ol  functil.. ;i.. 

The gain c ontrol function control s the tota l amplifier  gain in eac ! t  s eismic channel 
by switching individual s ections of the stE'p attenuator channel in and out of the 
seismic signal path. The attenuator s :n l he two hor i �·. '.mhl axes are  swi tched 
together.  An attenuator log ic circui� con e :  sting of a serially connected flip-flop 
counter term inate s  the X and Y axes  gain change command l ine. This counter 
is stepped by individual gain change commands through four s equent ial states .  
Each state provides a c ombination of  output. voltages cor..trolling s olid state 
switches in the step att ·m\· t.ors of the horizontal .:.�.xe s .  The counter advances 
one step each time a c omrn::..nd pul s e  is  received, inc rea s ing the total impec.a.r>ce 
of the attenuator in HJ db steps, from· 0 db through -30 db. A s eparate logic 
circuit, identical to that controlling gain in the two horizontal channels ,  ter:nin­
ates the Z axis gain change command line and controls gain in the LP vertical 
channel. The functioning of the galn control circuits of thi s channel are identical 
to th,os e  of the horizontal channels previously described. 

Alternate outputs o! the logic circuits controlli!tg seif .nic s ignal gaiJ'I 1 "  each of 
the three LJ? channels are applied to attenuator circuits in the signa1 -.cllibration 
circuits of each channel; The signal calibration function is used together with 
the gain control !unction:to generate LP output s ignals with ampHtudes which 
represent known s·ensor displ'acements .  The s�gnal calibration drcuits of  each 
LP s "'nsor are comprised of a calibration logi...: circuit, two calibration s ignal 
switc &es,  two step attenuators,  three i solation networks, :.�d the !e;:-dback caH­
bration coils .  Tile calibration logic circuit consists of a flip·!lop. In .. �s preset 
state the logic opens the two solid state caliilratil)n signal switches (X and Y, and 
Z). The logic state may be changed by con1mand. When closad b) the LP cali­
brate command, tl'-.e switche.1 apply a +Z. 5-volt reference signal frvm the PSE 
power di st r ibution system to �be step atter.uator in each of two calib1·a.tion cir­
cuits .  One calibration circuit applies the reference signal to the s ensou in the 
two hor izontal channels and the other cali'>ration circuit applies the reference 
slgnal to the sensor iJ:l the vertical channel. The impedance of each attenuator is 
cc.ntrolled by the cain change comm· .tds , which vary the alternat� output of the 

· gain control function logic ( counter) governiug seismic l!!ii.1al gain in th., same 
channels, 'l'he alterr.�ate outputs ar ., used to provide minimum attenuation (0 db) 
of the calibration s ignal with maximum attenuation ( - 30 db) of the s ei smic signal 
convers ely. The prer,et state of the gain control logic switches the calibration 
•tep attenuator to the - 30 db step. The outputs of the attenuators are applied to 
the i eolation networks, and then to the feedback calibration coll of the s ensor 
involved. The isolation networks prevent feedback of the calibration si;;.nal f.nto 
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Figur e  Z- 46 . PSE Shor t Ptr iod Seismic Activity Monitor ing Func tion, 

Blo ck Diagr am 

the s eis:mic s ignal path. However, when the nc voltages are applied to the !.-'Jjd­
back calibration coil, steady displacements of known amplitude are produc ed 

which in turn produc e a de output s ignal in the a s soc iated channel r epr e senting 
the known amount L • ap·_>hed a c c ele ration. 

2 -7 2 .  PSE Sho rt Pe riod ( SP} Channel - The SP channel ( Figur.e Z-46 ) is similar to 

the long per iod channels ,  differ ing pr ima rily in the type and frequency range of 
its s ens or·, · the number of component s ,  and the character of its c utput signal. 

The SP s eismom eter comp:r.-i ses a vP.locity type s ens or and signal pr oces sing and 
calibration c i rcuits. 

The SP s enS"or is compri s ed of a pe rmanent ma �net s e i smic. ma � s  suspended
. 
by 

a leaf spring r�.nd stabilizing delta rod s .  The mas s i s  de s igned to m ove vertically 
within a verb cal� y m ounted coil m ounted in one hemi spher ical base of the s ensor. 
This configuration is s ens itive to rate of m otion in the vertical axi s ,  but l e s s  
s ens itiv e to lateral or tilting motions and dCies not r equir e  leveling beyond that 

provid ed during deployment {:1: 5° of ve rtical) . A sensor c oil magnet as s embly 
similar 4;(1 .thos e of the LP s enso r s is u s ed fo r calibr<'.tion pu rpo s e s . 

' 

'The voltag e s  induce1 in the SP s ensor output coil by motion o f  the lunar s·.1rface 

m it£: ver �ical plane are applied to th(! SP ->ignal pr(Jc e s sing circuit s .  The s e  
circuits c onsist o f  a prt.'atn plifier, step atten.uator, post- amplifier, and low r>as s  
filter.  The preamplifie r p'\'ovides amplification or the s e nso r output signal, 

prior to tr.1r.smis sion of this signal from the s en sor a s sembly to the remaining 
sigr. :-11  nroc e r  � ing drcu its whio::h ar e located in the PSE c entral station e lectronic s 

. . . 
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subassembly. Control of the total amplification of the SP s eism ic s ignal is pro­
vided by the step attenuator, as in the LP channels .  The s ignal pas sed by the 
attenuator is amplified in the post-amplifier  for application to the low pas s  filter.  
Since higher fr equency components are pres ent in the SP signal than in the LP 
signals ,  the SP low pass filter  has a higher cutoff frequency. The iilter output 
is aiJplied to the PSE output data handling circuits as one of the PSE scientific 
data output signals. No t idal s ignal is produced by the SP s ensor. 

The SP gain control function is like that of the LP channel. A counter logic cir­
cuit terminates the SP gain change command line controlling a step attenuato r  
i n  the S P  seismic s ignal proces sing c ircuits .  

The SP s ig�al calibration function is s imilar but not identical to that of  the LP 
vertical axis. A logic circuit, step attenuator , calibrat ion s ignal switch, and 
rme coil magnet a s s embly in the SP s ensor are employed. The logic c ircuit 
'Nhich te rminate s the SP calibrate command line is a flip-flop which controls the 
c'llibration signal switch. In the SP calibr"'.tion circuits ,  the 2. 5-volt r eference 
signal from the PSE power converter is  applied to the step attenuator ( instead of 
to the calibration s ignal switch) and the output of the attenuator is then applied 
to the switch. The :mpedance of the SP st�p attenuator is c ontrolled by the 
alternate output of the logic ( counter)  tE:rminating the SP gain change c ommand 
line, as in the LP c�libration circuits .  When the calibration s ignal switch is  
commanded on, by  its logic circuit, the attenuator output is  connected to the 
calibration coil on the SP s ensor. The calibration voltage is a step function 
producing a known acceleration of the SP sensor seismic mas s .  . I 
Two command lines from the data subsystem are provided for control of the SP 
calibration func;ion. The primary SP calibrate command is routed thr ough the 
ALSEP command decoder and carries Earth,.originated command pulses.  In 
the event of uplink failure,  a second calibrate command is provided from the 
<:entral station timer  in the data subsystem. These backup pulses provide auto­
matic calibration of the SP channel s ignal every 1 2  hour s ,  u sing the existing 
attenuator setting s .  

Z- 7 3 .  Temperature Monitoring Channel - The PSE temperature monitoring 
channel develops an output signal porportional to the temperature of the sensor 
assembly. It consists cf a temperature sens ing bridge c ircuit and a differ ential 
amplifier.  A 3 KHz signal, frolr' the 3 KHz oscillator in the LP s eismic chan­
nels, is apphed to the input of the b.ddge circuit which is  balanced at 1 2 5°F_. Two 
thermistors in thP bridge arms are mounted on the ba se of the sensor a s s embly, 
and s ense changes in its t�mperature. Changes as small as 0. Z° F  are enough 
to unbalanc e the bridge c.ircuit sufficiently to develop a temperature outp�t signal 
from the differential amplifier which is proportional to the direction and amount 
of change. This si.gnal is appliE:d to the PSE output data handling circuits as onCl 
of the experim ent scientific data. outputs .  

Z- 74 . � Supporting Functions .  The supporting function s compri s e  data hand­
Hag, uncaging, leveling, thermal control, and power functions . 
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2-75 . PSE D ata H andling - The output d ata handling functi on circuits ( Figure 2-4 7 )  Q hand le the c onve r s i on of the analog output signals of the eight sc ientific data · -

channe ls int o digital form, the form atting of the digital d at a  into 1 0 -bit words for 
s e r i al insertion into e ach of th� 90  ALSEP te lem·etry frames in �one cyc le,  and 
the c om bining of 1 1  analog status signals into eight analog channels for insertion 
int o hou s ekee ping word numbe r  33  of e ac h  oi eight ALSEP telem etr y  fr ar .  : s .  

T he out put d ata handling c ir c uits c ons ist of eig ht m ajor functi onal blocks , which 
ar e pr og r am c ontr ol and buffer arn plifier s ,  fr am e  position c ounter, data c hanne l 
s e lector,  analog mu lti plexer,  analog -t o-digital c onverter transfer g ates ,  shift 
r eg i ster,  and h ousekee ping data addition and t r ans.fer netw orks . 

.. . 

The prog r am c ontr ol and buffer am plifie r  subfuncti on pr�vides tim ing and c ontr ol 
pu ls es t o  the other subfuncti ons.  It is  the interfac e  betwe en the PSE d at a  hand lil.g 
circuits and the ALSEP d at a  sub system. T he buffer am plifie r s  terminate the in­
p-:1t and .out put line s to and fr om t he ALSEP d at a  sub syst em , pr oviding is olati on 
of thesl.  lines fr om the PSE circuits .  

The fr ame positi on c ounter pr ovides telemetry fram e  and w ord pos iti on pul s e s  to 
the dat a  channe l s e lector,  enabling it t o  s el ect the multiplexer d ata channe l 
as signed t o  each of the 43 PSE dat a w ords in e ac�1 ALSEP telem etry fr am e  at the 
appropri ate tim e s .  

The dat a  channel selector decodes  the fr am £. positi on c ounter outputs and uses 
them to c ontr ol the gating of each of the e ight PSE sc ientific data outputs thr ough 
the analog multiplexer t o  the analog-t o-digital c onve rter in the PSE c entr al stati on 
electronic s  module. The d at a  channel sel t� ct or c aus e s  the multi plexer t o  s am ple 
the short period seismic signal a total of 29 w ord-tim e s  in e ach ALSEP telemetry 
fr ame.  The three � ong per iod seismic signals ar e e ac h  s am pled four w ord-times 
in  e ach ALSEP frame. The tidal s ignals in e ach of the tw o LP hor iz ontal axes are 
sampled onc e  every even frame. T he tidal signal in the LP vertic al channe l and 
the sensor assembly temperature signal ar ,� s am pled every odd fr ame.  

T he analog multiplexer gates each of the eight scientific data output signals to the 
analog-to-digital converter in the PSE central �tati on electr onic s module accord­
ing to the control pulses ,.eceived from the data channel selector . 

The transfer gates are enabled by program control pulses to shi!t the 1 0-bit data 
words out in parallel from the digital-to-analog converter and into the shift 
register at the appropriate times.  

· 
• 

The PSE digital scientific data comprises  43 of the 64 �ords in each ALS.EP tele­
metry frame. Each data word consists of 1 0  NRZ b:ts. A listing of PSE tele­
metry word a13si.gnments is given in Table 2- 1 7  and in the Appendix. PSE data 
word locations in the ALSEP telemetry frame are shown in Figure 2-48 .  The 
normal ALSEP bit repetit ion rate is 1 060 bps.  Under difficult telemetry commun­
ications conditions , the slow ALSEP bit rate, which is half the normal rate may 
be used . 
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1 2. 3 4 5 6 7 
SP S P  

9 1 0  1 1  l Z  1 3  1 4  1 5  
LPX S P  LPY SP LPZ SP 

1 7  1 8  1 9  20 21 l2 2.3 
SP SP SP 

z s 2.6 7.7 2.8 2.9 30 3 1  
LPX SP LPY SP J..PZ SP 

33 34 35 I 36 37 38 39 
ED SP �Y.E SP 

LPT YE SP 
LP1' ZO To _  

4 1  4 2.  4 3  44 4 5  46 47 
LPX SP LPY SP LPZ 

49 50 5 1  52 53 54 55 
SP _ sp SP 

57 58 59 6.;, 6 1  62. 63 
LPX SP LPY SP LPZ SP 

ONE 64 WORD ALSEP TELEMETRY FRAME 

= SHOR T PERIOD SEISMIC DATA 
-- LONG PERIOD SEISMIC DATA, X CHANNEL 
= LONG PERIOD SEISMIC DATA, Y CHANNEL 
= LONG PERIOD SEISMIC DATA, Z CHANNEL 

8 
SP 

1 6  
S P  

2.4 
SP 

32 
SP 

40 
SP 

48 
SP 

56 

64 
SP 

SP 
LPX 
LPY 
LPZ 
LPTXE 
LPTZo 
LPTYE 
To 

= LONG PER IOD TIDAL DATA, X CHANNEL, EVEN FRAMES ONLY 
= LONG PERIOD TIDAL DATA, Y CHANNEL, ODD 1-'RAMES ONLY 

ED 

= LONG PERIOD TIDAL DATA, Y CHANN EL, EVEN FRAMES ONLY 
TEMPERATURE DATA, ODD FRAMES ONLY 

= ENGINEERING DATA IN 8 OUT OF 90 FRAMES 

Figur e 2 - 4 8 .  PSE Da ta Word A s s ignments i n  ALSF:P Teleme tr y Frame 

The hous ekeeping data
· 

addition and transfe r networks 
'
comb ine 1 1  s tatus signals 

intc eight channels and transfer the s .:!  analog data to the A LSEP d ata r-roces sor 
ana: - �  multiplexer.  Thre e  pair s of c ommand status s ignals a r e  added in r e si s tor 
networks to form thr e e  combination s ignals.  The s e  thr e e  s ignals and the five 
s ingle signals are a pplied to the data proc � s s o r .  The thr ee bummed pairs of s ig- . 
nal s a r e  the outputs of the log ic c i rcuits t e rm inating certain com�and lines and 
in each c a s e  a r e  a change in level expected as the ·re sult of the .tran sm i s s'ion of 
a s s ociated command s .  The <:ight analog s ignals are li sted in Table 2 - 1 7  along . 
with the t elem etry fram e in whi ch they ar·e transm itted in hous eke eping word 
number 33: · 
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Table 2 - 1 7 . PSE Measurements ,. 
PSE :......._. 4� '--- -- ALSEP ' / Symbol Word No 1 s  Frames Measurement N�{""" 

I 
' 

Scientific Data • 

Long Period X DL- 1 9 , 25, 4 1 , 57 Every 
Long Period Y DL·Z 1 1 ,  27,  43, 59 Every 
Long Period Z DL-3 1 3 , 29,  4 5, 6 1  Every 
Long Period Tidal X DL-4 3 5  Even 
Long Pericd Tidal Y DL- 5 37 Even 
Long Period Tidal Z DL-6 35  Odd 
Instrument Temperature DL-7 37 Odd 
Short Period Z DL-8 Every even Every 

except 2*, 
46, and 56 

' Engineering Data 

LP Ampl. Gain, X and Y AL-l 33  23  
LP Ampl. Gain, z AL-2 33 38 
Leveling Direct�on and Speed AL-3 3:. 53 
SP -Ampl; Gain, z AL-4 33 68 
Leveling Mode and Coarse 

Sensor Mode AL- 5 · 33  24 
Thermal Control Mode AL-6 33  39 
Calibration Status ,  LP & SP AL-7 33 54 
Uncage Status AL- 8 33  69 -
* In Flights 1 and 2 

Both synchronization and data cor ol -pulses are r eceived from the ALSEP data 
proces sor for controlling the PSE output data handling functions . Even frame 
mark, data gate, and shift pulses are provided by the ALSEP data proces sor to 
synchroniz<: and control the formatting of the PSE data into 1 0 -bit words compat­
ible with ALSEP telemetry requirements. The even frame mark pulses mark 
the beginning of each even numbered telemetry frame and are used in the program 
control, frame position counter, and data channel selector subfunctions. The 
demand pulses are one 1 0-bit word in length and are generated by the data proces•  
sor for use in  the program control ci::cuits to gate data out of  the shift register, 
on demand, to the data processor. 

2.-76. PSE Uncc�.ging and Leveling - Uncaging anJ leveling are separate , but ret1.ted 
functions (Figure 2-49 )  which are grouped together in this description for the 
purpose of discussion. Uncaging must he performed after deployment before 

() 

.. 

data can be obtained !rom either LP Ol' SP seismometers .  After uncaging, level­
ing must be performed in all three axes of the LP s eismometer befc ··e Ut> eful d�ta 
can be obtained. The SP seismometer does not requi:l·e levelbg bayond that per •  0 
!o:.med during deployment. 

2.- 98 
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1 z TIDAL SICj!'!AL 1 r z AXIS (LP) I SEISMIC ACTIVITY 

-- -�- - - - - - -,  
Z AXIS LEVELING 

CONTROL CIRCUITS I 
1------+--1-+-+-----

_
-_3 _ ___ _, 

Y AXIS LEVELING 

CONTROL CIRCUITS 

MONITORING 

X AXLe; 

SEISMIC ACTIVITY 

MONITORING 

Y TIDAL SICj!'!AL 

Figure Z-49. PSE Uncaging and Leveling Functic..n, Block Di.o,.ram 
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Both LP and SP seismometer s are  caged upon completion of acc eptancP t . ·  � t : , 
a nd following final assembly at the tim e of manufacture.  The sensors  a r ,� 1 1 r.t 
uncaged until after deploytnent on the lunar surface.  The pres surized bell ows 
type caging mechanism inserts two loc ''" i ng pins in position into the bottom s of 
the seismic mas ses .  The locking pin:- . nd caging bellows mechanism unload the 
sensor suspension systems ,  absorbing ·hock and acceleration which might othe r ­
wise damage the delicate mas s  susper • .: : rm systems during handling on the Earth, 
the Moon, and during flight. 

The uncaging function is a logic c ircuit �nd an uncaging mechani · . "' which is  
composed of  a capac itive -discharge c ircuit, piston actuator, pi. · t ' , and a 
break-off valve in the bellowe pressurL > tion system. 'T'wo c orr. - lands are re­
quired to c omplete the uncaging cyc le .  · The fir st command (Arm) switches  the 
logic Circuit from its preset (caged) state to "armed", which causes  the charging 
of a capacitor in the capacitive -discharge c ircuit. After approximately 3 0 sec .. 
onds,  the second command (uncage ) is sent, caus ing the charged capacitor to be 
discharged through the piston actuator bridgewire. The bridgewire initiates the 
piston actuator, breaking the breakoff valve, and depres surizing the caging bel­
lows .  The bellows are collapsed, withdrawing the locking pins from the masses  
and loading the su spension system. 

Position type servo mechanisms are employed to independently le·1el each LP 
axis. The horizontal axes have identical leveling drives and the vert�cal axis is 
similarly c entered by a motor drive (Figure 2 -49 ) .  . I 
The X <'nd Y axe s  leveling motors phy ,; ;  ;ally pos ition the g imbal platform as well 
as their re spective sensors ,  while tht.. : � motor pos itions its sensor with respect 
to the platform. Changes  in platforrr• p�sition in .. he horizontal axes thus affect 
the position of the vertical axis sensor, requiring that it be c entered la st. 

The servo mechanism-= 11sed in each LP axis have two modes of operation; auto­
matic and command. The automatic mode uses position- error s ignals generated 
with·.n the PSE s ensor, while the command mode uses positioning s ignals gener­
ated by Earth-command. Two speeds of  operation are provided in each mode: 
coarse and fine in the automatic mode, and high and low in the command mode. 
The automatic- coars �  mode is used with position error s ignals from the corres­
ponding (X or Y) coarse level s ensors on the leveling platform to  achieve leveling 
in the X and Y axes.  These position-error signals are used to redu.:.c. tl- e rela­
tively large initial off-level (:t: 5 degrees ) which is pos sible from the manual 
leveling process  during deployment. Following the coarse  leveling s equenc e, the 
automatic-fine leveling mode is used. In this mode, the tidal output s ignal of the 
seismic channel i s  employed as the position-error signal. . This process  is  
designed to reduce leveling errors of the L P  seismometers to less  than three 
seconds o! arc .

· 
The command mode leveling speeds mar be similarly used for 

leveling by Earth positioning commands,  us ing the telemetered tidal and seismic 
signal data from the chanr1el being levele� aE> the po's ition-error s ignal. A total 
of up to two hours .nay be required !or c:ompletion of the fine leveling in all three 
axes after deplojrrnent and verificati ur. of system operation. Selection of the 

Z.- 1 0 1  
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axi s to be leveled, and leveling mode, speed, and direction are controlled by Q seven Earth commands .  The vertical axis leveling modes are s imilar to those  · �j 
of the horizontal axes . H oweve :r ,  the automatic - coarse speed leveling mode i s  
not us ed for the ve rtic al c omponent . 
Figure 2 - 49 shows the leveling function circuits of all three axes as  well as the ir 
interrelationships . The se  cir cuits c-onsist of command log ic and switching cir ­
cuits ,  leveling c ontrol circuit s ,  their assoc iated leveling motors ,  and position­
error signal generation circuit s .  

The command logic and switching circuits terminating each of the command lines 
a s s ociated with leveling are shown in F igu1·e  2 - 4 9 .  These  circuits  comprise 
log ic circuits c ontrolling the feedback filter bypa s s  switches of each axi s ,  power 
to the leveling motor s  of each axes ,  leveling m ode, and command leveling r.peed 
and direction. The feedback filter logic circuit i s  used to switch the feedback 
filter out of the feedback loop ( s imultaneously in all three axes )  during the 
automatic �coarse  and c ommand-high speed leveling mode s .  This is done to d e ­
crease the sens itivity of �he seismometers d�r ing leveling .  The leveling logic and 
switching c ircuits c ontrol application of ope rating power to the leveling motor 
drive c ircuits of their respective axe s .  The leveling mode, c ommand leveling speed 
and direction logic , and switching c ircuits c ontrol the se functions in all three axe s. 

Details of the leveling coTltrol c ircuits of the X axis are shown in a block in the 
· center of Figure ·z- 4 9 . The leve ling control c ircuits of the Y and Z axes are  

indicated by a s imilar b lock. The se  circ:;uits a r e  identical for X and Y and are 
similar for Z. The circuits c ompri s e  a leve ling motor power switch, fine (auto­
matic )  and ·: ommand leveling drive  c ircuits , bi-direc �ional pulse generator, and 
leveling motor drive c ircuit s .  The X and Y axes includ� c r ar se leveling drive cir­
cuits for leveling of the gimbal  platform. (These circuits are not required for 
the Z axi s ) . The three (fine, command, and coarse)  leveling drive circuits are 
each enabled in their as sociated leveling mode." The level drive circuits convert 
leveling pos ition- error or direction and speed input s ignal s  into polar ized outputs 
for operation of the bi-dire�:tional drive pulse generator . The bi-directional 
drive pulse generator generates a s eri�s of output puls e s  with width anc1. polarity 
proportional to the amplitude and polarity of its input signalt: . ·The p11ls e  gener­
ator output signals  drive the leveling rnot.or drive circuits by means 01 driving 
signals to the leveling motors whir:h are proportional to the bi-directional pulse 
generator output. The level motor drive circuits are operated by + Z 9  volt power 
which is controlled by Earth command. 

Figure  2 - 4 9  shows the relationship of the leveling platform and rr.otors , the three 
LP seismic activity mvnitoring func ;:ions (which generate the position error s ig­
nals for leveling in the automatic -fine mode) ,  and the coars e  sensor s of the X 
and Y axes (which generate the position error s ignals fo:r· the automatic - coar se  
mode of leveling the s e  axes . ) · 

The !unctions of the leveling s ervo loops \n the different modes of operation are 
de sc r ibed by following the leveling commands and error signals throuf! l:• the 
level ing servo circuits of the X axis.  The:: cir<..o.4its of the other axes function in Q a similar manner, 
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Leveling o f  th e X axis r e qu i r e s  that pow e r  b e  appl ied t o  the X axi s lev e ling motor 

by c ommand . A pu l s e  mu s t  b e  applied to the logic c i r cu it t e r minating th e lC've l ing 
pow e r  X motor c ommand l ine becau s e  the pr e s et s tate of thi s logic c ir cuit r e ·  

sult s i n  the ope r a ting pow e r  c i r cuit of the X axi s l eveling m ot o r  being open. The 
c ommand puls (.  sw itche s  the l og ic c i rcuit t o  i t s  alternate sta� e .  c lo s ing the 
a s s oc iated X axi s l e v e ling switch, a nd connecting a de voltage to the l evelir.g 
m otor pow e r  switch i n  the X axi s l ev e l ing contr ol c ir cu it s .  The l e v eling motor 

pow e r  switch i s  clo s ed by the de voltag e .:�.nd <tppl i e s  + 29 - volt ope r ating power 

to the leveling m otor d r iv e  c i r cuits . 

The l eveling m od e  logic c i r c uit s el e c t s  e ither the autom atic o r  c ommand level ing 
m ode a c c ording to its output s tat e .  The p r e s et state of the leveling m ode logic 
c i  -c cuit c l o s e s  the automatic leveling m od e  switch apply i ng a d e  voltage to the 

c .:> a r s r  l ev e l ing sw itch and to the fine l ev el ing driv e  c i r cuits . With the co ar s e  
l ev e l ing l o g ic c ir cuit i n  its pr e s e t  s ta te ,  the coar s e  l ev e l ing switch i s  open, and 
power is no t appl ied to the coar s e  l ev e l  s en s o r s of the hor izontal axe s . Th i s  
permits l ev el ing i n  the auto ma tic fine l ev e l ing submode . I f  r el a tiv el y  l a r g e  
l e v e l ing po s i tion - e r ro r s a r e  pr e s ent afte r d e ployme n t ,  the automat ic coa r s e  
level ing submode can b e  s el e c ted b y  the coar s e  s en s o r  co.nmand . Thi s  command 
pul s e  s e ts the coar s e  l ev�l ing l o g ic to its al ter nate s tate , c lo s ing the coa r s e  
l evel ing sw itch and apply ing powe r  to the X and Y coar s e  l ev e l  s e nsor s .  The s e  
s e n s o r s  a r e  m e r ,:ur y switche s mounted on the g imbal pi a tfonn . The m e r cu r y  
switche s g en e r ate r elativ el y  l a r g e  l ev el ing po s i tion- e r r o r  s ig nal s o f  con s tant 
ampl itude w ith a polar ity dependent o n  tha t of the po s ition e r ror . The output o f  
the X axi s  coa r s e  l ev e l  s en s o r  i s  appl i ed t o  the coar s e  l ev e l ing d r iv e  c ir cuits i n  
the l ev e l ing control c ir cu its for the X axis . The output s ignal of the coar s e  
l evel ing d r iv e  c -'. r cuit control s the o utput o f  the b i - dir e c tional pul s e  g e n e r a to r . 
The g en e r a to r  pr oduc e s  a series  of polariz ed pul s e s  w i th wid th and polar ity pr o ­
po r tioual to th� a mpl itude and dir e c tion o f  the l ev e l ing po s i tion e r r o r . The s e  
pul s e s  ar e appl ie d  to the l evei.ing mo to r d r iv e  c ir cuit along w ith +2 9-volt oper­
ating power fr om the l ev e l in g  mo tor power sw � tch a s  pr ev iou s l y  tl "! s c r ibed . The 
l ev e l ing mo to r d r iv e  c ir cuits apply 0peratin1.. )Owe r to the l ev el ing motor in pro ­
po r tion t.o the pul s e  width and pobr ity of the d r iv e  s i gnal fro m  the b i - d ir e c t io n al 
p\1! s e  g e :r  e r c:.tor . The level ing mo to r  slowly r epo s i tion s  tht- l eveling pla tfo r m  

aQout i t &  X axis r educ ing the l evel ing po sition error . Dur ing the final po r tion of 
th(• l evel ing- p.ro c- e s s ,  par ticular ly in the fine and low speed mod e s ,  po sition er ­
r o r D  a .r e  r educed to l e s s  than thr e e  seconds of arc and the l ev e l ing rate s  ar e pro ­
po r tiona tel y  lowe r ancJ. the r eby slower . 

A s e cond co mmand (p�l s e )  appl ied to the coa r s e  sensor command l ine r e sets the 
coar s e  l ev eling l o g ic to its o r ig inal (pr e set)  s ta te , r e s tor ing the automatic· fina 
l eV f!l :ng submod e .  The tidal output signal of the X axis seismic a c tiv ity monitor­
ing function · is  al so appl ied' to the fine l ev e l ing d r iv e  c ir cuits . The fine l evel ing 
dr ive circuits generate an output s ignal pr "�po r t ional to thP. dir.action and ampli­
tude of the l ev el ing po s ition e r r o r . ThlS s ign;..l is appl i, . tc• the b i - dir e c ti .:> nal 
d r iv e  pul s e  g e n e r a tor , contr oll ing ite output in the same manner as the output 
s ignal s of the coar s e  l ev <�l ing d r iv e  c ir cuits . 

. . . z- 1 03 
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The command l ev el ing mode is s e l ,'!c ted b the :1l ter nate s tate of  the l ev el ing mode 
lo g ic c ir cuits . The p r e s e t  s tate of :he l o L · -"  c ir cuit is changed to the al te r nate 
s ta te by a command pul se on the leve\ ing •node :omma nd l in e . The a l te r nate s to.te 
open s the auto matic level ing mode switch � nd clo s e s  the command leveling mode 
sw itch . Open ing the auto ma tic l ev el ing n :le switd disabl e s  both the fine l evel ­
ing d r ive c ircuit and the coa r s e  l ev el ing c·.vitch,  eife ctiv e l y  dis abl ing both of the 
�utomatic leveling submode s .  Clo s ing th.:.. c 0 mmand leveling sw i tch connec ts 
power to the plus and minus (l ev el ing ) direc tion sw itche s .  The pr e s et s late of the 
command ( lev e l ing ) dir ec tion l o g ic c l o s e s  thl' plu s d ir e c tio n switch and opens the 
m inus d i r e c tion switch . The ou tput vol tag e of the plus dir e ctio n  sw itch i s  appl ied 
to lhe command l ev el ing d r iv e  c ir cuit in the X axi·,;•'l evel ing control c ir cr.•. its en­
aiJling it  and controll ing the polar ity of its o�tput s ig nal . A command pul s e  on the 
level ing dir.ec tion command l in e  cau s e s  the command d ir e ction logic c ir cuit to 
change its al ternate s ta te , clos ing the minus d ir e c tion switch and opening the plus 
direc tio n  switch.  This r ev e r s e s  the polar ity o f the output s ig nal of the command 
l £·vel ing dr ive cir cuit .  The pr e s d  s tate of the command speed logic c ir cuit opens 
the command spe ed switch and opens a g round c ir cu it to t.}le command level ing 
dr ive c i r cuit.  The output s ignal of the d r iv e  c ircuit is then the low e r  of the two 
pr e s e t  a mpl itude l ev el s .  A command pul se on the level ing speed command l ine 
cau s e s  the command s pe ed logic cir cuit to chang e  to its alternate s ta te ,  clo sing 
the command speed switc h .  Compl etion �� this c ir cuit cau s e s  the output of the 
command l ev e l ing d r iv e  c ir cuit to be the higher o f  its two pr e s e t  s ta te s .  The out­
put of the command leveling d r iv e  c ir cuit is  applied to the b i- dir e c tional d r iv e  
pul s e  generato r ,  which prod uc e s  output 1- � s e s  pr opor tional to the amplitude and 
polar ity of the dr ive c ir �.:uit s ignal ., The output of the pul s e  gener ato r  control s the 
l evel ing mo tor through its dr iv e  c i;r cuit co c;  in the automatic mod e . 

The control and l ev el ing func tions  of the Y �xis are ide ntical to tho s e  d e s c r ib ed for 
the X axis . Tho se in the Z axi& ar e s imilar w ith the exception of the coar s e  l evel ­
ing . mode c ir cuitr y .  The s e  c il cuits arc not required in the Z ax is b l;!cau s e  the ir 
function is ac compl ished by tho s e  of the X and Y axe s  and the l evel ing of the 
l evel ing platfo rm. 

2. - 7 7 .  PSE The rmal Control - The the r mal c ontr ol function cir cuits ( Figu re 2.-S O ) c on­

trol the appl icatjon of operating power to the s ensor a s s embly heate r s  which are  
lo cated in the ba se of  the a s s embly . Thr e e  mode s of operation· are provided ; 
automatic , thermo s ta t  bypa s s  (manual o n ), and power o ff .  The thermal control 
circuits compr ise a logic c ir cuit, heate:r power r elay, bypas s r elay, m1.1 ttivi­
brato r ,  heater power switch, and the heate r .  

Qper ating power i s  applied to the �ea ter power r elay from the PSE power distr i­
bution c ir <.:uits . This relay and the bypa s s  relay control the operating mode of the 
hea le r ,  and are in turn controll ed by the logic c ir cuit. The logic c ir cuit termi­
na tes the t!1errnal control mode command line and con s ists of a two- bit, s e r ially 
conn ec ter\ fl ip- flop counte r . The counte r has a to tal of  four two - b it output voltage 
cC>mb ina tions . One of the bit- outpuLs <.:c- ·· ' rol s the heate r  power rel ay and the o thc1· 
the bypa s s  r e lay . 
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In bo th the auto matic and th<:: r mo s tc.. t bypa s s mod e s  th e hea tt� r power r el ay i s  
clo sed connec ting operating pow e r  to the heater pow <.>r sw i tch . In the pow er off Q mod e  th is  r el ay is open , inte r r upting the power c ir cuit . The 1 c ate r power sw itch 
is tu rned on and off at a 3 KHz rate by the mul tiv ih!· a to r . When Lhe heater power 
sw itch i s  o n  and t h e  heater power r el a y  c lo s ed , oper a ting pow e r  is conne c ted to 
the heate r . 

Th e pr opor tion of time when powe.,. to the heater power switc h  i s  on,  i s  var ied by 
the rr:ul tiv ibr a to r  ac cord ing to the te iT .pe rature s ignal r ec e iv e d  from the  tempe r a ­
tu r e  mo nitor ing c i r cuits . A de c rea s e i n  temperature l eng the ns  the powe r  o n  
per iod and conve r s el y .  The mul t iv ib P.tor is d r iv en a t  the 3 KH z  r a te b y  the 3 KHz 
o s c illator in the LP s e ismic channel s .  

In the automa tic mode the bypas s r elay is open , per mitting the heater  power switch 
to control appl icatio n  of power to the hea ter . In the the r mo s tat bypas s  n1od e the 
bypa s s  r elay is  clo s ed , connec ting power around the switch to the heater . 

2-78 .  PSE Powe r Converte r - The power c onve rte� ( Figure 2 - 5 1 )  c onve rts ALSEP 
+2 9- vol t oper a ting ·power to the + 1 2, +5, - 1 2,  +2 .  5, and - 2 . 5 de voltage requir ed 
in the PSE cir cuits , gener ate s the command log ic pr e s et pul s e ,  and prov ides  iso­
lation of the oper a ting and s tandby power l ines  to the s ensor a s s embly heater , 

The power converte r  c ir cuits compr ise  an inverte r ,  three  r e c tifier - filter c ir cuits , 
voltage regulator and. con trol switch, current l imiter ,  :1: 2 . 5 vdc r e fer ence voltage 
suppl y, pr eset  lo gic and s tandby power i solatio n  network.  

The inv e r ter chops the +29-volt operating power into a s e r ie s  of pul s e s  and appl ie s 
these  pul s e s  a s  an input s ignal to the thr e e  r ec tifier - fil ter c ir cuits . The rec tifier ­
fil ter c ir cuits each con s i s t  of a full wave br idg e rec tifier  and tow pa s s  filte r ,  and 
pr oduce the t i l, +5, and - 1 2 volt  outputs .  The vol tage r egulato r  and control 
switch control the ampl itude of  the s e  de vol tag e s  by monito r ing the +l l-volt output. 
The regulator c ir cu it con ta in s  a vol tage comparator and mul tiv ibrato r . The volt­
ag e comparator control s  the multivibrator . The rnul tiv ibr ato r drives  the control 
sw itch lo adjus t  the leng th of time power is applied to the inv erter dur ing each hal f 
of its ou tput cycl e .  An incr ease  in the amplitude o f  the + 1 2-volt supply cau s e s  a 
decrea s e  in the ratio of power o n  to power off time,  and conv e r s el y .  The cur r ent 
l imiter function s  as a s e rie s r egulator ,  limiting the maximum amount of current 
drawn by the inverter . 

The :t: 2 , 5-vol t refer ence supply converts par t  of  the output of the .; !2-vol t supply 
to low r ippl e ,  low no ise,  +Z . 5 and - 2 .  5 volt r efer ence outputs fo r use  in the PSE 
cal ibration c ircuits and in the ALSEP data proces so r .  It consists of  a r efer ence 
vol tage sour ce supplying the +Z . 5 and - 2 . 5 vol t  outputs and electronic s e r ie s  volt­
ag e r egulator s in each output . 

The pr e set logic cir cuit is a form of one- shot mul tiv ibrato r  tr igger ed by the output 
of the + 5-vol t s,upply .  It prnduce s  the command type px e s e t  pul s e  to the command 
log ic c ir cuits when operating power is  fir st appl ied to the PSE .  

The standby pow er isol ation network connects operating power to o ther PSE cir - Q cuits as  well as the heater c ircuits , but connects s tandby power only to the heater 

, 

c ircuits . 
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2. -79. MAGNETOMETER EXPERIMENT (ME) SUBSYS TEM 

The magnetometer experiment (ME) measu res the topology of the inte rplanetary 
magnetic field diffused through the Moon to dete l mine boundaries of the electro­
magnetic diff,.1sivity. The experiment will give s ome indication of inhomogeneities 
in the lunar interior.  

Data acquis ition and proce s s ing , both sc ientific and engineer ing , proceeds con­
tinuously in any of the operational configurations selectable by commands from 
Earth. 

Z - 80. ME PHYSICAL DESCRIPTION 

The ME consists of three magnetic s ens or s , each mounted in a sensor head and 
located at the ends of three-foot long snpport arms (see Figure 2 - 52 ) .  The mag­
netic sensor s , in conjunction with the sensor electronics , provide . signal outputs 
proportional to the incident magnetic field components parallel to the respective 
sens or axes.  Each magnetic sensor is housed in an outer structural jacket made 
of fiberglass.  The jackets are wrapped with insulation, except for their upper 
flat surface s ,  called the rmc>.l control surface s , that s e rve as heat radiators.  
Although the magnetic sensors  themselves are positionable, the outer jackets �e ­
main stationary throughout M E  operation. The sensor s and their jacket housings 
are supported at equal distances above the lunar su rface and apart from each other 
by the three fiberglass  support arm s .  

The support arm s ,  labeled X·, Y ,  and Z in Figure 2 - 5 2 ,  extend from a bas e  struc­
tur e ,  called the electronics/ gimbal-flip unit (EGFU ) ,  which is  a rectangular box 
9 1 / Z"  x 1 0  1 / 2 "  x 5 1 /4 "  hous ing the experiment electronics and the gimbal/flip 
mechanism. The support arms contain the electro-mechanical linkage and the 
electric al c ables that connect the s ensors  to the EGFU. 

The EGFU is divided into a two-section package by an aluminum base plate. The 
electromechanical gimbal-flip mechanism and the level s enso r s  are mounted to 
the top side of this bas e  plate and the. ME electronic s are mounted on the under ­
side. Electrical power dis sipated a s  heat i s  c onducted t o  this bas e plate which in 
tu rn radiates heat away from the EGFU via a pair of parabolic reflector a r rays 
(PRA). 

The EGFU has par abolic reflector s on two ba s e  sides and a multilayered alumi ­
nized Kapton blanket fo r thermal p�otection. The u.,pe r s ectio: ' of th(.' EGFU is 
enclosed by a fibe rglas s  protective cover underr.eath the the rmal blanket. 

A flat H-:f'ilm cable connects the ME to the ALSEP central station. Prior to de ­
ployment, the cable is contained in an enclosed reel which s tows under the ME on 
subpackage No. 1 .  The whole .ME as s embly sits on the lunar surface on leveling 
legs that are fastened to the ,ECFU. Each leg is attached at the base of a sensor 

Z- 107  
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Figure  2- 52. Magnetometer Experiment 

support arm through an adjustable joint which permits adjustment of the physical 
attitude of the ME. The legs swing to an upright position fo r stowage within the al­
lowed flight envelope (See Figur e  1 - 1  ). A pad at the bottom of each support leg is 
s ized for ME weight and lunar bearing strength. 

A shadowgraph and a bubble level are mounted· on the upper su rface of the EGFU. 
The shadowg raph is us ed by the astronaut in ME deployment to align the ME into an 
East- W e st emplacement. The astronaut u s e s  the bubble level to position the ME 
parallel to the lunar surface. Calibration marks on both instruments are spac ed 
at 1 ° increments ove r  at ± 3 ° 

range.  

ME leading particulars are listed in  Table 2- 1 8. 

2 - 8 1 .  ME FUNC TIONAL DESCRIPTION 

The ME has three modes of operation : 

a. Site survey mode. This survey is  pe rformed once on receipt of Earth com­
mand after the ME is first  put into ope ration. A site survey is performed in each 
of the three scns inP, axes. The pu rpose of the site survey is  to identify and locate 
any magnetic influence s permanently inhe r ent in tht' deployment site so that they 
will not af!ect the interpretation of ME sensing of magnetic flux at the lunar su r ­
face. 

2 - 1 0 8  
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Table 2 - 1 8 .  M E  Leading Particular s 

�----------c __ 
h_a_r_a_c_t_e_r_i_s_ti_c_s 

__________ 4-------------------
v

-
a_l_u_

e 
________________ _ / 

Size (Inche s )  

Stowed 2 5 x 1 0 x l l  

Deployed 40 high with 60 between sensor heads 

Weight (pound s )  1 9 . 4  

Peak Power Requirements (watt s )  

Site · Survey Mode 1 2. 25 

Scientific Mode 5. 8 

1 0 .  9 (night) 
' . 
C alibration Mode 1 2. 0 

b. Scientific mode. This is the normal operating mode of magnetic field s ensing. 

c. Calibration mode. This is performed automatically. at 1 2 -hour intervals but 
can be performed on receipt of Earth command 5 at any time after r eceipt of Ea rth 
command 4. The purpose of the c alibration mode is to determine the absolute ac­
curacy of  the magnetomete r s ensors  and to cor rect c:.ny d rift from their labo ratory 
calibration. 

· · 

The ME performs six major functions as  shown in Figur e  2- 53 in accomplishing 
its purpo se of measu-ring the lunar magnetic field. The s e  functionr.; are as 
follow s :  

a.  Electromagnetic mea surement and hou sekeeping 
b. Calibr�tion and s equenc ing 
c. Sensor orientation 
d. Oata handling / 
e. The rmal control 
f. Pow e r  control 

. . . 
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OFFSEl 
AND 

SEQUENC lNG 
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DATA TIMING 
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')R IENTATICN 

COMMAND 8 

DATA O[MAND 
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COMMAND 6 
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TO ALL FUNCTIONS 
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CONTROL POWER 
• 

DATA 

SUBSYSTEM 

Figure Z ·· 53. Magnetomete r Expe riment, Functional Bleck Diag ram 

The electromagnetic measurement fu!1ction measures the lunar surface magnetic 
field by means of three magnetic s enso r p  digned in thre e  orthogonal sensing axes.  
The s e  axes are called X ,  Y,  and z. The three magnetic s ensor s provide · s ignal 
outputs proportional to the incidence of magnetic field components parallel to their 
respective axe s. All s ensor s have the capability to s ense over any one of thr ee 
dynamic r ange & :  

a. Range 1 
b� Range Z 
c. Range 3 

- 1 00 to + 1 00 gamma 
- ZOO to +ZOO gamma 
-400 to +400 gamma 

The range is s elect&d by Earth command during ME operation. 

The� hous eke eping function provides : 

a. Data describing the condition of the ME subsystem. 

b. Status data defining the operational state of the ME to pe rmit proper interpre­
tation of the sc ie ntific data. 

c. · ME orientation data to pe rmit refe rencing the vector magnetic field data to 
lunar coordinate s.  

d. Monitoring of ME temperature by five sensor s. 

e. Monitoring of the +SV reference supply for magnetic field measurement cali­
bration check. 
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The sensor orientation function rr.onitor s bot� the l ev e ling of  tlw M E  a nc� t lw p o � 1 -
tion oi the magnetic sen s or s a nd pe rforms the e l e c t r om e c h anic a l  fl ip a 1�d g i m ba l  
of the magnetic s ensor s controlled by Earth command dur ing M E  ope r a tion.  

The c a lib ration and s e qu enc ing function rece ives  a nd int e r pre t s  F'arlh c ol l l ma n d s 
to c alibrate and s e qu e nc e the ope r ation of the other ME func t ion s .  

The data handling function receive s analog voltages from the e l e c t !" om a g n e t i c  
measurement a n d  hous ekeeping function , a nd p r oc e s s e s  thi s  analog d a t a  int o 

digital format to satisfy ALSEP telemetry requir ements.  The data handl ing fu nc ­
tion then sto re s thi s information u ntil the data s ubs ys te m reques ts it. 

The thermal control function maintains the required the rmal operating environ­
ment for the ME. 

The power contr ol function c ompris e s  a. de/ de c onve rte r and system timer  that 
provide regulated output voltage s ,  as required on a tim e - shared basis , �o the M E  
subsystem. 

The above functions are  performed in respons e to the eight Earth c ommands 
listed in Table 2 - 1 9. 

2 - 82. ME DETAILED FUNC TIONAL DESCRIPTION 

The six major functions of the ME are  discu s s ed in the following parag raphs and 
are illustrated by associated block diagrams.  

2 - 8 3 .  Electromagnetic Measurement and House"ecping Function. Figur e Z - 54 i�; 
a functional block diag ram of the ME electromagnetic measurement and house­
keeping function. 

Three orthogonally located flux gate magnetic sensor s , called X, Y ,  and Z, a re 
employed in measuring the magnetic flux with thr ee identic al signal pr oc e s s ing 
channels .  The magnetic 5ensor s ,  in conjunction with the st:.nsor electroni r; s ,  pro­
vide signal outputs proportional to the incident magnetic fi.eld components parallel 
to their  respective axe s. 

The function of the s ensor electroni cs is to convert the 
tens ity at the re spective sens ors  into analog voltage s .  
is 2 5  mic rovolts/ gamma a t  1 0 kHz. 

incident magnetic field in­
The c onversion sensitivity 

An elec trical cable within f �h sensor support arm connects each magnetic sensor 
to the s ensor electronic s in the EGFU. 
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Table 2 - 1 9. ME Command List 

Command Number Nomenclature Function 

POWER { 
CONTROL 
FUNCTION 

TH(RMAL 
CONTROL 
FUNCT ION 

1 

z 

3 

4 

5 

6 

7 

8 

Range Select Selects dynamic rang e  for magnetic 
sensor operation 

Steady Field Off- Introduces  known electric al perc ent-
s et age offsets to any of the three mag-

netic sensors 

Steac'y Field Selects sens o r s  t o  be electronically 
Addre s s  offs et 

Flip/ Cal Inhibits Inhibits or uninhibits flip/ cal cycle 

Flip/ Cal Initiate Initiates flip/ calibration cycle 

Filter Failur e  Causes  major portions o f  the digital 
Bypa s s  filter to b e  bypa s s ed in the event of 

digital filter failur e  

Site Survey Initiate s s ite survey of each axis .  
Can only be used after  four flip/ cal 
cycles 

Thermal Control S elects either  X or Y boom s ens or  
temperatul'e detector (or off) for 
the rmal control. 

POWER 
SENSOR MTR & HTR POWER 

7 ENGR DATA CHANNELS 
ENG INlER lNG 

TEMP SENSORS 

I . SENSOR FLIP & 
G IMBAL POS 

X 

... SENSORS 
y 

z . X, Y, Z FEEDBACK 

DATA 
ElfCTRONICS 

CLOCK 

SENSOR 
EUCTRON ICS 

STATUS BITS 
IGIMBAUFLIP POS, HTR PWR, 

X OR Y TEMP CONTROU 

DATA 
SUBSYSTEM 

' 

SCIENTIFIC DATA 

DATA 
HANDLfNG 
FUNCTIOii 

Figu r e  2 - 54. Electrornagn.ctic Measurement and Housekeeping Function, 
Block Diagram 
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The s ensor electronics ass embl)' provid es  the fundamental drive powe r with negl i ­
gible second harnwnic c ontent for exciting the fluxgatc sens o r s .  The asg embly ac ­
cepts three  sens or output oignals , selecting and amplifying only the second ha r ­
monic component. It demodulate s this to provide the data handling function with 
analog o..ttput voltage s proportional to the magnetic field intens ity parallel to the 
axis of each magnetic sem""lr , w ith a frequency re spons e of de to 50 Hz.  Tile s en­
s or electronics also pro\' idf� s  feedback cur rent from the analog outpu.t to the sen­
s or s ,  and gene rates fur.dan1ental and second harmonic refe r enc e square waves at 
5. 9625 and 1 1 . 9 2 5  kHz respectively. The s e  are synchronously de rived from the 
1 060 Hz ALSEP clock pulse  . 

The sensor electronic s incorporates provisions  for range selection, range offset ,  
and s e.H- calibration. Offset biase s  and

. 
calibration raste r data are inse rted in  the 

fcedbac.k loop of the s P.nsor electronics ,  and scaling is accomplished by changing 
the feedback gain. An amplifier  in the feedback circuit provides accurate sum­
mation of the offset, calibration and feedback voltages at all combinations of s ig­
nals.  It als o  provides linear  drive of  the fluxgate sensor feedback winding ove r 
wide combi?ations of dynamic range and range biases . 

The engineering data electronics  pe rforms the following housekeeping functions : 

a. Indicates the nominal flip pos ition (0
°

, 9 0° , 1 80° ) of each fluxgate sensor by  
exciting the flip position sensor s and outputting the resultant data in  the form of 
three 2-bit status word s. 

b .  Indicate s  the glmbal pos.ition (pre or post-gimbal) of each !luxgate sensor by 
exciting the gimbal posi tion switching and outputting the r e sultant data in the form 
of three 1 -bit status words.  

c. Provides the five tempe ratures monitor ed within the inAtrument hy exciting 
the thermistors  with a refer ence voltage and outputting the r e sultant five analog 
voltages. 

d. Indicate s .  the orientation of the instrument rela�ive t� the local lunar vertical 
by exciting the two-axis g ravity level sen�or and outputting the resultant two analog 
voltages. 

e.  Provides heater pow� r status and tempe rature control status.  

f .  Provide s  + SV refere�ce voltage analog data. 

l-84. ME Calibration and Sequencing Function. The ME calibration and s e ­
quencing functional block diag �am is shown in Figure

. 
z - s s  .. 

... , .  " . .  
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Figur e  Z- 55. ME Calibration and Sequencing Function. Bloc k  Diagram 
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The flip/c alib r ation s equ enc e gene r ator i s  automatic ally switched on by th e 
A LS E P  c entral station tim e r  a t  1 2 -hou r  inte rva ls unle s s  inhibited by Earth c om­
mand 4 .  Earth c ommand 5 c an initiate th e  flip/calibration s e qucm. e at  any t i me 
afte r fir s t  r e l e a s ing the flip/cal inhibit by s ending Earth command 4 to the s ite 
survey s equenc e g ene rator.  Onc e activated, the flip/cal sequenc e g ene rator s e ­
quentially applie s power to the M E  s en s o r  flippe r s  in the M E  pos itioning function 
to flip them 1 8 0 de g r e e s .  B efor e  and afte r flips ,  it trigg e r s  the calibration stt>p 
generator which g enerate s the calil:..ration r a s te r s .  The r e  are tw o  r a ste r s  ap­
plied simultane ou s ly to all thr e e  s en s o r s  before and after each flip. When the 
c alibr ation raster  gene r ation i s  c ompleted, a s igna l i s  s ent back to the flip/ 
c alibr ation s e quence generator, which s e quenc e s  to the next step and gene rate s an 
X flipper pow e r  switch on c ommand. Mte r  a programmed time limit a s ignal is 
gener at �d which steps the sequenc er to the next s tate , which in tu rn c ommand s 
the X fl ippe r pow e r  switch off and the Y flipper pow e r  switch on. Thi s sequence 
is continued until all  thr e e  sens or s have been flipped. Then the c aljbration raster  
i s  called again and it s c ompletion cau s e s  a "calibration c or . ;>lete " s ignal output 
which tu rns off power to the flip/calibration sequenc e gene rator. 

The flip/ calibration sequence generator also receives commands from eithe r the 
site .avey sequence g-enerator during site survey mode , or from the ALSEP c en­
tral station timer du r i ng normal scientific mode. The se commands,  if not in­
hibited by a previous Earth command 4, will start tht: flip/ c alibration sequence 
gf'nerator ope ration de scribed in the previous parag raph. 

The site su rvey is performed once at the start of ME OJ?e ration. It is initiated on 
receipt of Earth command 7 which has been preceded by fou r Earth command s ( 5 )  
initiated flip/ calibrations .  The s e  flip/ calibrations are requ ired to measure the 
influence of any residual mag11etic perms on the sensors. 

Upon rec eipt o£ Earth command 7 1 the site survey sequenc e generator 1 in c on ­
junction with internal step c ommands from the system timing and control genera,tor 1 

gene rate s -the following ope rational s equenc e employing the flippe r motors and the 
flip/ gimbal mechanism: 

a. Initiate Subsequenc e 1 
b. Initiate.  Flip/ Cal Cycle 
c .  Flip/ Cal Cycle Complete 
d. Su rvey X Axis 
e. X Axis Survey Complete 
f. Return to Scientific Mode 
g. Subsequence 1 Complete 
h. Initia�"'� Subs equence 2. 

i. Repeflt steps b through. £ above for Y axis 
j .  Subsequenc e 2. Complete 
k. Initiate Subsequenc e 3 
1. Repeat steps b through f above for Z axis 
m. Subsequence 3 Complete 
n. Site Su rvey Complete 

. . . 
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Upon completion of step n ,  all sensor s  will b e  in the sc ientific orientation with 
c o n e c t  offset and offset polar iti�s .  

The site su rvey s equence gene rator gene rates  the s equence of  flipper motor , flip­
s t.:>p motor ,  and gimbal motor power switching nec e s s a ry to pe rform the s ite sur­
v e y  s equenc e. The design consists of a binary sequence counter which steps one 
step  at the completion of an ope ration. The outputs <' re  gatt!d to obtain a c oinc i ­
dence s ignal which is used t o  perform their  re spective £unctions .. The se  functions 
include the powe r switch s ignals ,  a calibration mode comm01nd s ignal , and a se ­
quence  inhibit s ignal. Fail- safe features are des igned into the sequence ;  fo r e x ­

a m ple , the flip power is applied to each moto r ,  in turn ,  for 1 0  seconds each. 
Should a flip mechanism fail, the sequence is continu€;d with a resulting partial 
(a i lure at worst. 

The o!!:;et memory stores , upon Earth command 3 , one of <Jeven bias levels for 
each sensor channel. These bias levels will be stored in binary form in a flip-
flop memory whose output states will drive the offset bias generator. The trans ­
fe r logic receives sens or position data and derives the switch cc-mmands whi;;h c on­
n e c t  the proper offset bias and polarity to the sensor channels. 

The calibration raster generator geiLf;rates a set of cal ibration steps in a sequence 
upon rec eipt of command. The sequence consist,:; o! two identical cycle s ,  each 
cycle consisting of 8 proportional steps of approximately 1 0- second duratio" each. 
The calibration raste r  generator receives its command from the flip/cal sequence 
gene rator which enables a .gate allo""ing a 1 / 1 0  pps clock train from the system 
c ] ()ck and timing generator _  These ,  pulses set a counter whose states are gcted to 
t u r n  on switche s in a ladder network. The output voltages of this 1 :idder are sent 
out to the sensor electronic s calibration input. Both polarit:es a re generated. 
The process  is repeated for two cycles and then the clock gate is disabled and a 
"cal- step" complete signal is sent back to the flip/ cal sequence generator. 

The offs et  bias generator is similar to the calibration raster generatCir except it 
contains three separate ladder networks , one for each magnetometer channel. The 
&witch states of the di!ferent offset bias generators are determined by the offset 
memory. In addition, each output will be inve rted giving b�th p�larities of each 
bias voltage. These outputs will be routed to a switch :rr -. t rix which connecta each 
sem;or channel to the proper bias level and p<�larity as determined by the transfer 
logic. 

The system timin.;� and control generator generates all the timing and synchroni­
zation signals necessary to synchronize the data processing and sequencing. It 
contains a clock which gene rates periodic internal timing commands for the site 
su l"vey anti calibration sequences. 

2 �  �5.  ME Sensor Orientation Function. A functional block diagram of the sensor 
ori t�ntation function is  shown in Figure Z - 56. . . 
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Figure 2- 56. ME Sensor Orientation Function, Block Diag ram 

Throughout ope ration, the physic al attitude of the ME r elative to the lunar surface 
is m onitored by an elt:ctronic level detector that uses  a capacitance pickup and 
measures attitude :1: 1 5° in two axe s. The det�ctor is mounted on top of the EGFU 0 

and relays level status data to Earth as  part of the ME enginee ring data. Data on 
the ME physical attitude is  used in interpreting the ME scientific data. 

In the normal scientific mode , the thre e  sEnsors  have a fixed orientation. Each 
s ensor is pointed along the axis o line of its support arm m a directiou away from 
the EGFU. This position is c onside red the reference or 0° position for sensor 
orientahon in the scientific m ode. 

In the calibration mode,  the thr ee sens o r s  are flipped , in tu rn, through 1 80°. In 
the s ite survey mode , the thre-e s ensor s ,  in turn, are g mba1ed 9 0° and then flipped 
through 9J0 and 1 80°. To accomplish the site su rvey, a.�.: three s ensors mus t  be 
aligned parallel to each of the coordinate axe s in turn,  as shown in Figure 2 -57. 

Sensor flipping and gimbaling is  best understood by yroj ecting oneself into the 
s ame position that the s ensor has in the 0° reference pos ition pointed along the 
axis line of its support arm in a direction away from the EGFU and imaging the 
s ensor ' s  view. 

2- 1 1  7 
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As the sensor looks outward , it has a horizontal plane coinc ident with the axi s l in<· 
of its support arm. The sensor is  c apable of mov ement in this horizontal plane.  
This movement is called flipping. In the calibration mode the s e ns ors  can flip 
from 0° to 1 80° and back. In the site su rvey mode the s �ns o r s  can flip 0° to 90° 
or 1 80° and bac k. Sensor flipping is accomplished by th ree 4 0 0 - cycle ,  two - ph a s e  
a c  m oto r s  which provide flipping motive power through three flip drive me ­
chanisms to the thr ee sens ors.  Thr ee pos ition s tops inc o rpo rated in the s uppo r t  
yoke structure o f  each sens o r  provide pos itive c ontrol o f  s ens or pos ition dur ing 
flipping , and gua rantee o rientation accu racy at each of the th ree  pos itions , 0 ,  9 0 ,  
and 1 80 degrees.  The 9 0 -degree stop i s  nec e s s a r y  du ring the site survey mode 
and is permanently r etracted a.fte r this mode is pe rfo rmed. Control of this r e ­
tractable stop is provided by a followe r as s embly located on the d rive mechanisms , 
and is s ynchronized to the flux measu rement s equence. Motive power for stop 
retraction is pr ovided by the flipper d r ive moto r by means of a drive cable 
rui.ming through the support arm to the s ensor head. 

Gimbaling is a repos itioning of the s ensor by physically rotating the s ensor and its 
supporting yoke around the axi s that pas s e s  through the s ensor as �n extens ion of 
the suppor t  arm axis.  This rotation is accomplis hed by a s pring releas ed through 
the m echanic al linkage in an inner arm that pas s es through the oute r support arm 
hous ing a11d connects to the g;.mbai/flip unit. Both flipping and gimbaling are pe r ­
formed internal to the support a r m  without any visible c hange to the outside c on­
figuration. A s ensor can be gimbaled 90°. Once in the new position, the s ame 
freedom of m ovement used for flipping allows the s ensor to move through a new 
plane that is 90° pe rpendicular to its former movement plane. With this com ­
bination of flip and gimbal c apabilities ,  each s ensor can b e  pointed i n  the direction 
requi r ed for s ite survey. 

i 
In the s ite survey mode,  s ensor pos itions are mechanically programmed by cam 
action. At the end of this operational mode , the program is stopped by means of 
a toothles s  s ection of the cam. At the s am e  time,  the end of s ite survey switch 
deactivates the electronic s ite survey s equence in the s ensor orientation function. 

Flip and gimbal positions arc monitored throughout oper ation by means of pos ition 
detecto rs (3 flip position and 2 gimbal position detector s  per axis )  • 

2- 86. ME Data Handling Function. A functional block diag ram of the ME data 
handling function is shown i:r.. Fig11re 2 - 58. The data handling func tion conve rts 
scientific and engineering data into a digital format compatible with the ALS EP 

.- telemetry interface. 

2 - 87. Scientific Data Proc e s s i:lg. • The three pre -filte r ed analog outputs of the 
s ensor elect ronic s are s ampled s imultaneously (to within 1 25 mic roseconds of 
one anothe r ) at the digital filte r sam�ling rate by a s ample and hold ci rcuit. The 
sto red (analog ) sample s are multiplexed into the analog - to -digital converte.r wh ich 
sequentially conve rts each into a 1 0-bit binary word that is shifted out into a mem ­
ory unit in the digital filter. 

2 - 1 1 9 
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Figur e  2- 58. ME Data Handling Function, Block Diag r am 

DATA 

SUBSYSTEM 

The digital filte r s e rves to reduce to an acceptable level the aliasing e r r o r  intro ­
duc ed into the scientific data by the output data sampling rate. The three channels 
of s cie:"ltific data time share  the arithmetic unit, the data bus ,  and the data control 
in the digital filter. The various state variables are stored in a core memory in 
the filter  when not being u s ed to pe rform a calculation. The state variable repre ­
sent�.ng the filte red output of ea�h channel at a given ( real time)  sample instant is 
shifted out into the output data subsystem upon receipt of a data demand pulse.  
The refore , although the readouts to the data subsystem are stagge red in tim e ,  they 
repres ent approximately simultaneous ,  pe.riodic se�.mple s  of the thr ee magnetic field 
vector components in real time. 

The digital filter may be bypas s ed if s o  o rde red by ground command 6 in the event 
of filte r failu re. In this c a s e ,  the s cientific data undergoes only analog filtering 
with a resultant inc rease in alias ing e r ror. Re - executio:"\ of the filter command 6 
removes the bypas s .  

2- 88. Engineering and Staf;us Data Proc e s s ing - The engineering data processing 

.. 

unit conve rts 8 channels of analog engine ering data into binary form in addition to • 

proces s ing binary status data. 
-

The P.ngineering data is  multiplexed with the s cientific data, thus permitting the 
u se of a single multiplexer and A/D converte r. The analog engineering data is � 
conve rted to 1 0 -bit bina ry words by the c onv e rter but is  subsequently truncated to 
7 bits , yielding a res olution of approximately :1: 0. 5 pe rcent. The converted engi-
nee ring datC:L bypas s e s  the digital filter routine and is  s ent to the output data bnffer 
and formatte r whe 11e· it is  subcommutated with the ·binary status data and ·shifted out 
to the data subsystem for d ownlink transmi s sion a s  word 5 in 1 6 c ons ecutive 
A LSEP frame s.  

, � : • L r . 
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2 - 89.  M E  The rmal Control Function - The ME is des igned to ope rate ove r  th e 
tempe rature range of - 50°C to +6 5°C .  This range appl ies  t o  the inter ior  of the 
base package and each sensor head. Maintenance o£ M E  inte rio r tempe ratures  
within the above rang e in  the s evere lunar thermal envir orunent is accomplished 
by a combination of insulation, c ontrol surfaces , parabolic refiet:::tor s ,  suns hades , 
and heate rs.  Figure 2 - 59 is a block diagram of the active thermal control fun­
ction. 

DATA • 
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I 
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-
TEMPERATURE 
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OATA 

DATA 

HANDLING 

mNCTION 

Figur e  2 - 59.  ME Thermal Control Function , Block Diag ram 

Heate r s  diss ipating one watt are required in each sensor head to maintain a mini ­
mum of + 3 5°C during the lunar night. The heater s are automatically switched on 
and off as required by a thermistor network which is c ontrolled by a s ensor head 
temperatu re detector.  Maximum tempe rature  during the day is expected to be 
limited to +50°C. Earth command 8 switches from the X sensor thermistor to the ' 
Y sensor the rmistor , to �eate r s  of!, and back to X. Two additional detecto rs  
monito r the tempe ratu r e  within the electronics base package. All tempe rature  
data is  proc e s s ed and transmitted to Earth as  enginee ring data. 

2 - 9 0. ME Power Control and Timing Function - The ME power c ontrol and 
timing function provides : conditior: ; ng of the 2.9 vdc ALSEP power for use by ME" 
subsystems ; time- shar ing high- power loads of the sensor motors and heaters ; 
time - sharing electr onic s  power during interval s equenc es .s o  that peak and average 
power demands on the ALSEP are greatly r educ ed; internally- gene rated ME clocks 
synchronized to the 1 060 Hz ALSEP clock. Figur e  2. - 60 shows ME loads that couple 
directly to th(.; ALSEP 2.9 v line , as well as internal power distribution requir ements.  
The powe r c onditioning function is performed by the DC/ DC conve rte r. Internal 
powe r - sharing is controlled by the system time r. 

Ten switched power outputs are driven by internal timing divider circuits. System 
synch ronization is maintaine d s ince clocks and switched power outputs are de rived 
!rom the same divider chain. A system powe r - on reset pulse is generated to 
initialhe subsystems as requir ed. 
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Figu re Z - 60'. ME Powe r  Control and Timing Function, Block Diagram 

Z - 9 1 .  ME Data Subsystem Interface. The . data subsystem supplies the ME with 
the eight Earth c ommands listed in Table Z- 1 9. In addition the data subsystem 
supplies the following timing pul s e s  to the ME to ensur e  proper s equencing of out­
put data : 

a. Data Clock 
b. Frame Mark 
c.  Data Demand 

The ME s ends back to the data s ubs.ystem two kinds of data: 

a. Scientific 
b. Engineering 

Both the s c ientific and. enginee ring data are supplied to the data subsystem data 
proces sor over a single digital output data Hue (see Figure 2 - 52). The magneto­
.meter data is contained in ALSEP words 5, 1 7 , 1 9 ,  2 1 ,  49,  5 1 ,  and S3 (see Fig­
ure 2- 34). 
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Each ALSEP word contains 1 0  bits and the normal transmis sian rate is 1 060 bits 
per second. Word 5 contains engine e ring data and status info rmation and words 
1 7 ,  1 9 ,  Z l ,  49, 5 1 ,  and 53 contain sci entific data. Words 1 7  and 49 repre sent 
two successive X-axis value s ,  wo rds 1 9  and 5 1  represent two suc c e s s ive Y - axis 
values , and word s 2 1  and 53 r epresent two succ e s sive Z - axis values.  Each ! O bit 
scientific X, Y ,  and Z word has the following format: 

.,9 2
8

2
7 

Z6
Z5 Z4

2
3

2
Z

Z 1 Z O 
,, 

POLARITY SCIENTIFIC DATA 
BIT (ALSEP Words 17 , 19 ,  21, 49 , 5 1 ,  and 53)  

The polarity bit 0 is  plus and 1 is minus and the conve rtion factor s  for the three 
ranges are :  (a) 0. 1 95 9  y/bit on l OO y  range , (b) 0. 3908 y/bit on 200y range and 
0. 7 8 1 6 y/bif on the 400-y range.  

2.
9 2.

8 
2

1 
2

6 
2

s 
2

4 2
3 zz z i zo 

SUB FRAME ENGINEERING DATA S TATUS 
MARK BIT (ALSEP Word 5 )  BITS 

This engineering data and instrument status information is contained in 16 sub­
commutated frames using the format depicted in Table 4, Appendix B. 

The status bit information is listed in Table 5 ,  Appendi..: B • 

.2- 123/2- 124 
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0 2- 9 2 .  SOLAR WIND EXPERIMENT (SWE) SUBSYSTEM 

,. 

• 

• 

Th.t" Solar Wind Exper iment (SWE)  subsys tem will measure energ ie s , dens itie s ,  
incidence angles,  and temporal variations of the electron and pro ton components 
of the solar wind pla s ma that s tr ike s the surface of the Moon.  

The exper iment w ill yield data that will be utilized to expand knowledge in the fol­
lowing s cientific area s :  

a . The existence of solar wind at  the lunar sur fac e .  
b .  The general proper tie s o f  the solar wind . 
c .  The proper ties of the magnetosphe r ic tail of the Ear th .  

Operating with high gain modulation, th e  SWE mea sures electrons having energie s 
be tween J 0 and 1 4 00 electron volts and protons having energie s  be tween 75 and 
9600 electron volts with a minimum flux dens ity of approximately 1 06 particle s 
per square  centimeter per s econd . The SWE has a field of view of approximately 
6 .  0 s teradians and is capable of determining the direction of a collimated plasma 
flux to within 1 5  degree s . The accuracy of  SWE electronic measurements averages 
about three percent over a four decade dynamic rang e . 

Seven Faraday cups ,  designed specifically for the ALSEP Program, collec t and de­
tee t  the solar wind electrons  and protons . The cups open tow2 rd diff�r ent but 
slightly overlapping por tions of the lunar s ky .  Data from each cup individually �nd 
fro m  all seven cups combined ar,� px·oc e s s ed and fed to the ALSEP data subsy s te m  
for Moon- to - Earth transmission.  Therefore ,  w ith a knowledge of  the positioning 
of the SWE on the lunar surface,  the direction of the bulk of charged particl e  mo­
tion can be deduced . Voltage s  on modulation g r id s  of the cups ar e changed in s ign 
and var ied so that the cups will differentiate between electrnns and protons and be­
tween par ticle s  having d ifferent energies . 

Accuracy of SWE mea sur ement data is chec ked by the r eadout of internally gene­
rated cal ibration s ignals . The s ignals ar e proces sed thro.ugh the measur ement and 
data handling sections of the SWE to check their operation .

. 

The SWE output s ignal is a serial ,  non-return- to - zero digital train that is accepted 
by the data subsy s tem at  the rate of four words per ALSEP tel emetr y  frame . A 
complete SWE measurement c ycle is organized into 16 s equence s  of 1 86 ten-bit 
words .  Each word of  each &equence contains a specific element of data .  The 
words are identified within the sequence by the fir s t  two bits of  the word and the 
s equence is identified by the least  s ignificant bits of the 1 8Sth word of the sequence .  
Of the 1 8.6 wo,.� s in each s equence,  l l Z words contain po sitive par ticle  measure­
ment data ,  56 words contain negative particle measurement data ,  16 words contain 
SWE calibration and operation data, and two words contain sequence and cycle iden� 
ti!ica tion data . 

l o  l . 
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2 - ';1 3 .  S W E  PH YSIC A L  DESCRIPTION 

The S \V E  i:; sho w n  i n  Figur e 2 - 6 1 .  Ph y s i c a l  a ncl · e lc c tr iL: a l  cha r a ..:Le r i s ti c s  o f  the 

S W E  a r c  s ho w n  it� Tab l e 2 - 2 0 .  Thu S W E  con s i s ts of a s e n s o r  a s s e mbl y ,  c l c c f' r o n ic 
a s & e mbl y ,  th e r mal c o n t r o l  a s s e n1b l y ,  a nd l e g  a s s e mb l y .  A 2 0 - c o nd u c to r  fla t  c.1ble 
p r o v id e s  e le c tr i cal  c o n n e c tio n b e tw e e n  th e SWE a nd th e A LSEP da ta s ub s y s ten1 and 

a llo w s  the su b s y s te m s lo b e  s e p a r a ted u y  a s  much a s  1 4  fe e l .  The c a bl e  i s  hou s ed 

iu a r e e l  s lowed b e n e a th th e S W E .  
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Figu r e  2 · 61 .  Sola r Wind Exper im ent Subs ystem 
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Table 2- 20 .  SWE Leading Par ticular s 

Cha r ac ter i s tic Value 

�----------------------------------�----------------------------------------- ;  
Dimensions 

Stowed 

Deployed 

Weight on Ear th 

Input voltage 

Input powe:r 

�easurement r ang e s  

Electrons  

High gain mQdulation 

Low gain modulation 

Protons . 

High gain modulation 

Low gain modulation 

Field of view 

Angular r e solution 

9. 0 x 1 1 . 1 x 1 0 . 6 inche s 

1 2 .  0 x 1 1 . 1 x 1 3 . 6 inche s 

1 2 .  5 pounds 

28 .  25 to 2 9 . 30 volts 

3 .  2 watts average .  No mor e  than 
6 .  5 watts except b r iefly for s ta r tir.g 
trans ients , dus t  cover removal ,  
and high voltage gain change 
command . 

1 0. 5 to 1 3 76 elec tron volts 

6. 2 to 8 1 7  P.lectrcm voi ts 

75 to 9600 ele c tron volts 

45 to 5700 electr on volts 

6. 0 steradian& 

15 degree s (approximately )  

. . . 2 · 1 27 
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Z -94.  SWE Sensor A s sembly. The sensor as sembly consists of seven Farada.y cups 
arranged in a hexagonal cupola configuration . One cup i s  mounted o n  each of the 
six sides  of the cupola and one cup is  mounted on the top of th e cupola so that it 
faces  upward after deployment  on the lunar surface . 

Thin, spr ing - loaded cover s protect the cups from contamination by dust dur ing 
handl ing ,  lunar deployment, and LM takeoff . After LM takeoff, in r e sponse  lo a 
command initiated on Earth, the covers  are  relea sed and ej ected. 

A sun ,; en sor device ,  consisting of a slit on the top of the sensor housing through 
which sunl ight can enter and a photoelectr ic cell c ircuit, will indicate leveling of  
the SWE after lunar deployment . 

2 -95 . SWE Electronic A s sembly. The electronic assembly contains all the circuits 
required to modulate the plasma flux enter ing the Faraday cups and to convert 
cup ou tput s ignals ,  calibration data ,  and operation data into appropr ia te digital 
format for the ALSEP data subsystem. The auembly consists of the following 
module s : 

a .  Module 1'00 - Signal Chain 
b .  Module Z OO - Programmer 
c .  Module 300 - Power Supply and HV Modulator 

Heater s in the assembly keep the electronic s  warm enough for proper operation 
dur ing lunar nights . 

I 
Z -96 . SWE The rmal Control Assembly. The thermal control assembly includes a set 
of three radiators  on one vertical face  and. insulation cover ing the other five faces 
of the electronic as sembly . A sunshield p�events direct  sunlight from r ea ching 
the radiator s .  The thermal control a s sembly, together with the heater s ,  will 
maintain the temperature of the electronic s within the range for proper  operation 
through all var iations in lunar surface temperature .  

Z -97 . SWE Leg Assembly. The leg assembly consists of two tubular A -frames contain­
ing telescoping leg s .  The leg s will be extended manually during SWE deployment 
on the Moon.  A button on each A-frame locks the legs autom.a.tically during deploy­
ment. 

Z - 9 8 .  SWE Leading Particulars.  SWE physical and electrical charar.teristic s are 
shown in Table 2. -Z O .  

2. -99.  SWE FUNCTIONAL DF.SCRIPTION 

The SWE ia a highly sophis t icated scientific ins trument that will be used to detect 
the type , quantity, and direc&.ional character istics of solar wind plasm:�. and to 
supply this information, in the required digital format, to the data subsystem on 
demand . 
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A LSEP- M T- 03 l J O  The S W E  u s e s  a mod ified Far aday cup a :;  the ba s ic d e te c to r . 'l11e cup m ea sur e � 
the c u r r e n t  produc ed by the c ha r ged par ticl e flux en te r ing it . The e n e r g y  ( m o r e  

a c � u r a tel y ,  the e n e r g y  per u n i t  c h a r g e ,  E / Q ,  a s s o c ia ted with the c o mpo n e n t  o £  

v el o c ity normal t o  th e g r id pla n e ) a nd po l ar i ty o f  the par tic l e s a r c  d e tt:r mincd b y  

pla c in g a r e t a r d ing p o te n t ia l , V ,  upon a mod ula to r g r id n ea r  th1� cup e n tr a n c e a nd 

m ea sur in g the change in cUJ· r e n :: ,  6 i ,  w i th a known cha nb e in r c lar d i ng pote ntia l , 
6 V .  The cha n g e  in c u r r ent, 6 i ,  i s ,  then, a r c s 'l: 1 t  of the flux of pa r ti c le s  that 
pos s e s s  the p r o p e r  polarity and energy to be within the po'rti on uf the energy 
s pectrum a s s ociated with volta ges V aml V -t , __ y .  U si r• g  a s e r i e s  o f  6V ' s, the 
ent i re range of volta ge ( both po sitiv e and n e g a �ivc )  can b e  swept -Liut to , give a 
comple te energy spectrum of the char g e d  pa rticl e s .  

• 

... 

The ba s h· pr inc ipl e o f  !)la sma d e te c tion in the SWE is to appl y to the mo d ula tor 
g r id of a Faraday c up a s qua r e  wav e reta rding potential , having, both ac and de 

compo n e nts , w h ich mod ula te s  the flow o f  char g ed par ticl e ::;  within a par ticu lar 
energy range a nd the n  to synchronously · d emodulate the ac cur r e nt r e sulting from 
the collec tio n of the s e  par ticl� s .  Thi s  s cheme ma ke s it po s s ib l e  to discr iminate 
aga ins t the con s tant flux of photoelectrons produced in the instrument by ele c tr o ­
magne tic wav e s  (primar ily solar ultrav iole t  l igh t). 

To be sensitiv e  to solar w ind pla s ma from any d ir e c tion above the ho r izon of the 
Moon and to a s cer ta in a ngular d i s tr ibution of pl asma flux, the SWE has an a1· r ay 
of s even cups . Sinc e the cups ar e identical , an iso tropic flux of par ticle s  produce s 
equal cur re nts in each cup . For an anisotropic flux, a naly s is of the r elative 
a mounts of cur r ent in the s even collecto r s  de termines the variatio n in pla s ma 
flow with direc tio n .  

The el ectron ic s  of the SWE supplie s th e  modulating voltage,  identifie s the ,.. ur r e nts 
cau sed by flux in each Faraday cup, and r:ond itions thi s  i •,lfo rma tion so tha t it can 
be sent to the ALSEP da ta sub sys tem, telemete r ed to J.'arth ,  a nd analyzed . A 
s equence of mea surements who s e  cond ition!! a r e  knowll by a pr ior knowl edge of the 
seque n c e  and by a calibration of vol tage and cur r ent r e spon s e  is produced to pro ­
v ide th e  data nec e s sary for inte r pr etation .  

Th e  following par ticle paro.meter s· will ' be deduced : 

a .  flux intensity - Deduced from knowl edg e o f  the magnitude of the colle ct�d 
cur r �nt� and the effe c tive  apertu.re s ize . The number o f  -par ticle s dete c ted per 
s e cond is  r;ual to the current measurP-d by a sensor ,  div ided by 1. 6 x I o- 1 9  

• coulombs , the charge of an electron or pro ton .  
b .  dir ection of mean v elocity - Deduced from knowl�dge of 1.ne sP.neor geometry, 

o r ientation of the SWE on the lunar surface, and relative current readings from the 
seven cups .  The d ir ection w1ll be able to be deduced to within fifteen d0grees  or 

c 

les s ,  depend ing on plasma tempe.rature . 
' , 

c .  energy of the par ticles - Ded�ced from the d ir�ction of  mean velocity and 
the relative -:-e sponses to the various modulating potential s applied to the repell ing 
grid of the cup. (Auumptions are made r egardh1g the mas s  and chc.rge of the 

· 
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pa r ticl es . ) Fo r par axial par ticl e s , the pa r ticle energy in el e c tron vol ts is  b e tw een 
·he upper and lower l imhs of the modulating g r id pote ntial . 

d .  type of par ticles  - Deduced fro m  the polarity of the vol tage o n  the modula ting 
grid a nd from the ene rgy s pectrum. A po s itive g.r id vol tage co rr e spond s to 
measurement of po s itive io n s  aod a negativ e  g r id voltage co r r e spond s to mea sur e­
rr. .; nt of  electro n s .  Pro tons , el e c trons , and a par ticl e <:  a r e  known to compr is e  the 
vast  major ity of solar wind par ticl e s .  

e .  dens ity of pa::- ticl e s  - educed {rom the veloc i ty and flux inten s ity of the solar 
wind . 

£. ,p3.r ticle temper ature - Deduc ed from the energy spe c trum of  the par ticl e s  and 
<l d etailed knowl edge of the SWE r e spons e  to par ticle s . The highe r the temperatur e 
is ,  the broader the peak in the energy spec tr um w ill b e .  

The SWE r equir e s  only power and s ynchro niz ing s ignals to provide a continuous 
tra in of d ig ital dab on the solHr pla s ma impinging on it .  

Ope ra tion of the SWE may be c.l a s s ified into the functional activ ities  shown i n  Fig ­

ure l- 6 2 .  The s e  ac tivities a r e  m.ea sur e me nt, modulation,  s equenci ng ,  data hand­
l ing , power supply, dus t  cover  r el ea s e ,  a nd heater s . 

SOlAR WIND PlASMA- -

.
. 

ANALOG SIGN.\LS DATA D IG ITAL DATA· 
liANDLING 186WORDS; 

.. MEASUR�M£NT 4 WORDS PER 
f.�DUlATION ALSEP TELEMETRY 

MODU:ATION z FRAME 0 ;:::: 
� 5  c 

� ;!  "" ""  !:: c t:� !Z  ,_ .,  
O o  z : u  ..... 2 

DEMODUlATION SYNC READOUT DEMANDS 

CALIBRATION SEQUENC ING T IM lNG S IGNALS 

DUST COVER RELEASE COMMAND 

Figur e l - 6 2 .  SWE, Fu r  • .:: tional Block Diagram 

ALSEP 
DATA 
SUBSYSTEM 

The measurement function detects the sola r wind plasma enter ing seven Faraday 
cups and produce s  a de V( ltage propor tional to the pla sma flux . 

. 

The modulation function generates modula tion voltages that are appl ied to grids of 
the Faraday cups . 
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The s equenc ing func tio n  pr ovid e s  s ignals to control var ious opera tio ns of tht> SWE 
in co nfo r ma nc e  with the sequence of the A LSEP data sub s y s tem tel emetry fo r mat,  

provide s pha s ing s ignals to a s ynchr o nous demodul a to r  in the mea surement func ­
tion, and prov id e s  calibr ation vo ltages for the mea sur ement function . 

The data handl ing fu nc tio n conver ts the analog s ig na l s  fr o m  the me a s ur ement func­
tion and fr om s everal ope r a tio na l sampling tra n sducer s to d ig ital s ignals  and co m ­

bine s the dig ital s ig nal s  with id en tification da ta prov ided by the s equenc ing func tio n 
so tha t  the data a r e  compa tible with the r e quireme n ::s of the ALSEP da ta s ub s y s tem 
for tra n s mis s io n  to the Ear th and for sub s equent a nG.l y s i s . 

The dus t  cover r elea se fun c tio n per mits protec tive du s t  cover s ,  held by spr ings 
over the · seven Far aday cup s ,  to eject from the SWE on r eceipt of a command s ig ­
nal . The command s ig nal w ill  be initiated on Ear th after the LM has l eft the luna:r 
surface . 

The heater func tion ma inta i n s  the temperatur e w ithin the el e c tr o nic s a s s embly a t  
proper operating tempcratur.e s .  

2 - 1 00.  SWE DETAILED FUNC TIONAL DESCRIPTION 

2 - 1 0 1 .  SWE Measurement Function. The measurement function , under the c ont ro1 of 
the s eque nc ing func tion, performs mea sur ement of the solar wind plasma ,  SWE 
temperatur es , and SWE leveling with r e spect to the Sun . 

· 

. ! 
The ba sic func tional par ts of the SWE mea sur ement func tion are shown in the block 
d iagram of Figur e 2- 6 3 .  The par ts are :, 

a .  seven Faraday cup sensors tha t transform solar wind par ticles to me".surable 
·cur r ents .  

b .  a sun sensor that indicate s  SWE leveling . 
c . four tempe rature sensor s that provide SWE temper ature data and a tempera­

ture s ensor c ommutator that s equentially switche s data from each of  the tempe r a ­
ture sensors  to the data handling function. 

d .  seven pr eamplifier s tha t amplify the small collector cur rents of the Far aday 
• cup s ,  and 

• 

0 

e .  pr eamplifier switche s ,  a bandpa s s  c(lnplifier , a s ynchronous demodulato r ,  
and a d e  ampl ifier that condition the signals for pr e sentatio n to the data handl ing 
func tion . 

2 - 1 02. SWE Faraday Cups. An ar ray of seven Fa raday cups detects the s ola r wind 
pla sma. One cup fac e s  the ver tical and the r emaining s ix cups surround the ver ti­
cal cup so that the angle between the nor mals of any two adjacent cup s  is approxi­
ma tely 5 1  de.gre e s .  The acceptance angle of all cups comQined is approximately 
s ix steradians . Each cup has a circular opening , s everal gr id s ,  and a .coll e c tor . 
By suc c e s s ively plac ing different vol tages on the modulation gr ids  and mea suring 
the co rre spond ing collector cur r ents , the flux of charged pa r ticl e s  hav ing polar itie s. 

, •· ,•' 
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Figure Z- 6 3 .  SWE Mea surement Function,  Bloc k  Diagram 

and energ ie s per unit charg e .  cor re s ponding. to each voltage can be determined . 
U s ing a number of negative and pos i tive g r id voltage s ,  a complete energy spectrum 
of bo th negativ e and pos i tiv e par ticl e s  can be obta ined . Sinc e the cups are identi­
cal, if par ticle flux is  equal in each dir ec tion ,  equal cur rent will be produced in 
each cup. If the flux is  not equal in each d ir ect�on , analys is  of the r elative 
amounts c.f cur r ent in the s even coll ector s will determinf the var iation of particle 
flow with clir ec tion.  

A diagram of a Faraday cup is  shown in  Figur e  Z- 64.  The func tions of the For a ­
day cup grid s truc tur es ar e :  

a ,  modulator g r id - To modulate the incom ing par ticle flux � 
b .  entranc e g r id and screen g r id s  - To termina te the electr ic fiald from the 

modulator g r id and prevent capac itive coupling from · the modulator grid to the col­
lector . 

c .  suppr es sor grid - To pr event the e s cape of  s econdary elec trons o r  photoelec­
trons from the col lector . 

The Faraday cup coll ector pl a te gen-erates a fluctuating cur rent from th� elec tr ic 
charge brought in by the solar wind par ticle s . The ac s ignttl from e ach collector 
plate is  fed to a separate pr eamplifier . 
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Figure l- 64 . SWE Faraday Cup Diagram 
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2 - 1 0 3 .  SWE Preamplifiers - Eich of the seven prcamplificrs consist s of an integrated 
circuil operational amplifier with a disqete FE T at the input. The preamplifier 
input currents are from 6 x 1 o- 1 3 to 6 x ' t o- C)  ampere and the output voltages  are 
from 6 x t o- 5 to 6 x 1 0- l volt .  , 

. 

A known Z KHz square wave current signcll from a curr ent calibrate generator of 
the sequencing function is a.pplied to the input of each preamplifier during calibrate 
per iods to check the measurement capability of the SWE. 

2 - 1 04 .  SWE Preamplifier Switches - Under the control of a �egment drive r and a se ­
quence counter of the sequencing function, the preamplifier switches connect the 
output of each preamplifier or the outputs of all pr eamplifier s  combined to the · 

bandpas s  amplifie r .  A high voltage modulator ac calibrate s ignal is also per iodi­
cally connected through the switches to the bandpas s  amplifier . Each switch con­
sists of a two- trar. sistor , ser ie s -- shunt configuration.  The ana log s ignal is trans­
ferred through the switch when a gate is applied to the input trans istor from the 
segment driver and s equence counter in the sequencing function.  The s ignal is 
shunted to ground when the control gate is turned off. 

2 - 1  OS . SWE Bandpass Amplifier  - The bandpas s  amplifier amplifies  the desired ac sig :.· 

nal and suppres ses  noise .  The amplifier cons ists of ,an operational amplifier with 
a bridged T- network  in the feedback loop. The amplifier bandwidth is 

.. � -
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approximately 400 Hz centered on the 2 KHz carrier frequency,  The gain from 
the preamplifier  o'..ltput to the bandpas s  amplifie r output is ten. The maximum 
output s ignal fro� the bandpas s ampl ifier is about 6. 5 volts peak- to-pe a k . By 
suppres s ing all frequencies except the first ha rmor.ic ,  the squa re wave input 
s ignal is converted into a s ine wave output s ignal. 

2 - 1 06.  SWE Synchronous D emodulator - The synchronous demodulator conve rts the 
modulated s ignal into a half wave rectified s ignal that is synchronized to the ac 
vol tage applied to the Far aday cup modulator gr id .  The synchronous demodulator 
is a one-trans istor  switch controlled by a delayed Z KHz demodulator r eference 
s ignal obtained fro m  a frequency divider in the s equencing function .  The half wave 
demodulated output is fed to a de amplifier . 

2 - 1 07 . SWE DC Amplifier - the de amplifier  is an operational amplifier with a d e  gain 
of approximately five and a thr ee db frequency bandwidth of about e ight Hz . This 
bandwidth reduce s  r ipple and produces an output s ignal r is e  time of about 60 milli­
second s .  Tite maximum de amplifier output s ignal amplitude is 1 0  vdc . This s ig­
nal is applied to the data handling function. 

2 -1 08 .  SWE Sur. Sensor - A photoelectric c ell, mounted at the bottom of the sensor 
as s embly hous ing , will detect sunlight when it enters  a s l it at  the top of the hous ­
ing at an angle of 30  degrees  with r e spect to the v�r tical axis of the housing . 
Knowing when this o ccur s will permit determi.1ing the leveling of the SWE after 
d_eployment. The dr cuit for the sun sensor consists of a photo sensitive cell in 
parallel with a res istor . When the sun is at that angle relative to the SWE a t  
which the cell i s  fully illuminated, maximum voltage will � e  produced . The output 
of the cell i s  fed to the data handling function for insertion into the data str eam . 
The resis tor r educe s  the nois e  lev el by keeping the cell output voltage low when 
little or no l ight is reaching the cell . 

2 - 1 09 .  SWE Tempe rature Sensors - Four thermistors are used for mon!toring the tem­
peratures of SWE as semblies . One thermistor is mounted on  the sensor a s sembly 
and the other thr ee thermis tor s  are mounted on the electronics as sembly. The 
range of temperature monitor ed on the sensor a s sembly is from - 200 to +ZOO de­
grees C; the range  of temperatur e monitored on the electronic s  a s sembly is from 
- 50  to +1 50 degrees C .  Temperatur e data on the s ensor s are monitored sequenti- _ 

ally ( subcommutated ) under the control of a calibration driver 9f the sequencing 
function and applied to an output commutator of the data handling function .  

2 - 1 1 0 . SWE Modulation Function. The modulation function generates positive and neg a­
tive voltages that ar e super imposed o n  a· Z KHz square wave and applied to the 
modu�tor grid s of the Faraday cups . The positive voltages are applied for proton 
measurements and the negative voltages are applied for electron measurements . 
The voltages are applied in a sequence of increas ing levels ranging from a few 
vol ts t.o kilovolts . The level and polar ity are controlled by s ignal s from the se­
quencing function.  Figure Z- 6 5  is a functional block d iagram of the modulation 
function. 
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Figure Z-6 5 .  SWE Modulation Function, Bloc k'Diagram 

Z - 1 1 1 . SWE Stafrcase Generator - The staircase or step generator produces 1 4  
voltage steps for the measurements of protons and seven voltage steps for the me as -' urements of electrons .  The generator consists of a precision current source that 
feeds one of two c·urr ent levels to seven precision resis tor s .  The inputs to this 
c ircuit are various logic levels which program the required output voltage magni­
tude .  The output is a pr ec ise voltage equal to the current source' times the paral­
lel combination of any or all of the seven precision resistor s .  The maximum out­
put voltage is + 1 0  volts .  The voltage is .led to the voltage control amplifier .  

Z - l l Z. SWE Voltage ControlAmplifier - The voltage control amplifier feeds both �he 
+HV and - HV chopping c ircuits . The amplifier multiple s  the input s ignal by a 
factor of three and provides sufficient power to operate the HV generator circuits . 
The accuracy of the generated HV is determined by the accuracy of the output of 1 

the voltage control amplifier .  

To pro tect  the SWE from high voltage arcing during its initial outgas sing per iod 
on the lunar surface,  the gain of the voltage control amplifier is kept somewhat 
lower than its final value until a command signal is received from Earth . The 
command signal, consis ting of  dust cover relea se  commands r epeated at clo se  
interval s ,  i s  recP.ived by  the data subsystem and fed through the input o f  the SWE 

. . . 
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du s t  cover r elease c i r cu itry to a control c ir cuit . The c ircuit dec rea s e s  r e s is ta nc e  f) 
in the vol ta g e  control ampl ifier , the r eby incr ea s ing the gain of the a mpl ifier a n d ,  \._..1 
cons equentl y ,  the high voltage appl ied to the modulato r  (; r id s  o f  the Far aday cup s . 

2 - 1 1 3 . SWE 2 KHz D rive - The 2 KHz drive gene rat e s  the 2 KHz c hopping s i gnal u s ed 
to d r iv e  HV tran sfor mer � in the HV g ene r a to r . The inputs to the l KHz d r iv e  a r e  
positive a n d  ne gative hi gh voltage i nhi bit si gnals from the re la y  drive r ,  a high v o ltage 
inhibit s ignal from the dus t cove r re lea s e  c i r cuit, and a 2 KHz s igna l from a fre ­
quenc y d iv ider of the s e quencing functio n .  Th,..r e <�.re two s et s  of outputs ( four out­
puts to tal ) each consis ting of two out-of- pha s e ,  s ymme tr ica l ,  s quar e wav e s ignal s .  
One s e t  d r iv e s  the +H V c ir cuits a nd the other the - H V  c ir cuits . Tht: logic inputs 
ar e such tha t only one s et of outputs operates at any one time . Thus eithe r +HV or 
- H V  outpu t �s p roduc ed but never bo th .  · 

2 - 1 1 4 .  SWE High Voltage Generator - The + HV generator c o n s i s t s  of a choppe r , step­
up tr ansformer , and thr ee vol ta g e  doubler s .  The incoming l KHz dr ive s ignal s 

· caus e the vol ta g e  control amplifier output to be chopped to ground . The trans ­
for me r  s teps up this vol tage b y  a fac tor of approxima tely 5 0 .  The vol ta g e  doubler s 
incr ea s e  the de volta g e  b y  a fac to r  o f  s ix .  The ac component, howev er , r emain s 
e s s entially a t  the transformer output magnitude . Thu s ,  a thr ee to <:-.ne ratio b e ­
tween de .and ac i s  achieved . Th e  +HV output ir;; routed through the HV r elay to the 
modula to r  g r id s  of the Faraday cups . 

The opera tion o f  the - H V  g enera tor i s  s imilar to that o f  "the +HV generato r
_ 

except 
that the - HV ge ner ato r  tra:n sfo rmer ha s a lower tur n s  r atio . Two voltage doubl e r s  
a r e  used in this element and the de:.  to -ac ratio i s  held a t  l .  5 .  The - HV i s  r outed 
through the HV r elay to the modulato r  grid s  of the Far aday cup s . 

2 - 1 1 5 . SWE Modulator Calibrator - T he modulator c alibrator monitor s the high voltage 
output to prov id e a c  calibra tion s ignals to the mea s ur ement func tion and de cal ibra­
tion

. 
s ig nal s to the da ta handl ing func tion. The c al ibra to r  co ns ists of two s e c tion s ;  

one that monitor s· th e  ac por tion of the HV b e ing gener ated and the o ther that mo ni­
tor s  the de por tio n .  Each s e c tio n cons is ts of a r a s is tor d iv ider networ k a nd a r e -
lay for s elec ting a small sample o f  the hi&h voltage output a nd a n  integra ted c ir cuit 
amplifier . The r elays a r e  slaved to the H V  r elay.  The outputs of the ampl ifier s 
r epr e s ent the magnitud e of the H V  b e ing g enerated . Sepa r a te sampl es of the de 
and ac components of the s ensor modulating vol tag e are applied to the me a su r e -
ment and da ta handling func tio n s  for ins er tion i n  the data s tr eams . 

2 - 1 1 6 .  SWE Relay Driver - The relay drive r accepts logic s ignals from a main c ount e r  
and a swe ep d r iver of the s equencing func tion to control the HV select r elays . 
Dur ing - H V  measur e me nts , the relays ar e energi�ed by a 3 0  vol t po ten tial estab­
lished by + 1 5  and - 1 5  volt supply voltages .  After a period of 5 0  millis econds , the 
- 1 5  volt supply is removed, leaving a holding potential of + 1 5 volts . When the logic 
input calls for +HV measurements ,  the relays are released. 

' 
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2 - 1 1 7 .  SWE Relays - Three r elays are cmploye d .  One rclay i s a high vo ltage r elay 
that  s elects ·po s itive or negative high vol ta g e for application to the mod•..1lator 
gr id s  o f  the Faraday cup s .  The o ther two reLays ar e s ignal switching r elays tha t 
s elect  the high vol tage sample for application to the moci.;lator cal ibrato r  a nd that 
apply negative voltages  to the Faraday cup suppres sor  gr i�s .  

2 - 1 1 8 .  SWE Sequenc ing Function. The sequenc ing function c ontrols and times the SWE 
so that measur ements are per formed in a fixt.-.; s equenc e and data ar e s upplied to 
the data sub system in the desired dig ital format .  The SWE is asynchronous with 
re spec t to the data subsystem, so the SWE may transmit data from any po int in its 
sequence when fir st  interrogated by the data sub sys tem . 

To compr e s s  the data to be teleme te red to Ear th, a fixed but r ather  co1npl ex data 
for mat is u sed . An und er s tanding of  this format w ill aid in und er s ta nding the 
operatio n of  the s equenc e !unc tion . 

To measure po sitive par ticle s ,  the SWE place s  po s itive voltag es on the modulation 
g r id s  of the Far aday cups . In the high gain modulation mode o f  ope ration, de volt­
ages on the gr ids rise  from 75 to 9, 6 00 volts in 14 :;teps . For each gr id voltage,  
a s et of eight mea sur ements are taken. The fir s t  measurement is the sum of all 
cup outputs .  The r e ma ining s even mea surements ar e s eque ntial mea surements 
of individual cup outputs . For any s ingle r:1ea sur ement, a ten- bit word is sent 
to Ear th r eceiving s tation -; ,  Thus ,  1 12 words  (words 0 through I l l )  ar e u s ed to 
tra n s mit pos itive ion data .  

The next 1 6  words (words 1 1 2 through 1 27 )  contain SWE cal ibr ation and operation 
data . These data are subcommutate d .  

The next 5 6  wo rd s (words  1 28 through 1 83 ) �re used to mea sur e negative particle s .  
In the high gain modulation mode o f  operation, de voltage s  o n  the Faraday cup 
modulation grid s  descend· from - 1 0 to - l ,  300 volts in seven steps . For each gr id 
voltage,  a· mea surement o f  the sum of all cup outputs and s equential measurements 
of individual cup outputs ar e made and conver ted into ten-bit words for transmis ­
sio n  to - Ear th .  

Words 1 84 and 1 8 5  (actually the 1 8 5th and l 86th words since there is  a word ()) 
contain the count of each group of 186  words (one s equence) . The e,igh� least sig­
nificant bits  of the s equenc e counter are  in word 184 and the eight mos .. Jignificant 

• bits are in word 185 .  · 

0 ' 

: ' 
All data ,  including all calibration and operation data, ar e included within 1 6  
sequences  (one cycle ). To ensure word identification, th e  two mo s t  s ignificant · 
bits of every word ar e used to indica te whether the word conta ins Fc�.raday cup 
mea sur ement data ,  cal ibration O l' operation data ,  or · s equence 'co_unt da ta . 

. ' 
Using the format descr ibed, unique data i-nterpr etation will be po s s ible, even if 
only one sequence of  words is intelligible .  • :. · 

. � - i 37 -· 
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Operating in the normc:.l mode of 1 06 0  bits per s econd , a sequence lasts 28. 1 sec ­
onds  an.d a cycle lastn 7 .  49 minutes .  Operating in the slow mode of 530 bits per 
second ,  a sequcnc� la sts 56 . 2 seconds and a cycle la s ts 1 4 .  98  minute s .  Mode 
s election is determined by the ALSEP data subsys tem. 

Timing control of SWE operaHon is provided by a 1 024 KHz master clock osc illa ­
tor as  shown in the sequencing function block diagram, Figure 2- 66 .  

Z - 1 1 9. SWE Frequency Divider - The frequency divider is an eleven stage ripple 
counter that counts down the 1 024 KHz ma ster clock  frequency to provide the fre­
quencies needed to control S W E  operation , These frer�uenc ies ar e 2 56 KHz, 
5 00 Hz , 2 KHz , and a delayed 2 KHz demodulator reference s ignal . 

Z - 1  ZO. SWE Level Inhibit and Miscdlaneous Sync - The level inhibit and miscel­
laneous sync provides :  

a .  pulses  to control the s tep generator , 
b .  pulses  to reset  the main counter after every 1 86 words ,  and 
c .  pul ses  to control the read- in gates o f  the data handling func tion .  

2 - 1 2 1 .  SWE Input Decoder - The input decoder receives demand pulse  and shift c lock 
s ignal s from the data sub sys tem and develops the shift r egister clock  which causes 
data to be transferred to the data subsystem in the de s ir ed timing . The decoder 
develops timing and control s ignals which ar e used to clear the conver s ion counter 
of the data handling func tion prior to making a new conver s ion, to tr igger the 
analog - to -pul se-width converter of the d;:�.ta handling function and to de�ine the 
time during which a conver s ion will be made ,  and to advance the main counter so 
that the next measurement can be made . 

2 - 1 22..  SWE Main Counter - The timing and control s ignals developed by the main 
c0unter provide direct or indirect control of all SWE functions . The counter is 
an eight- s tage counter which defines the 1 86 words that make up the bas ic 
s equence .  The most significant five  bits of the eight-bit counter ar e decoded by 
the sweep dr iver to define measurement ener gy level word groups . The least 
s ignificant three bits ar e decoded by the s egment driver to define words within the 
energy level word groups . 

2. - 1 2.3. SWE Sequence Counter - The sequence c ounter  is a 1 6  -bit counter that is trig­
gered each time the main counter is r e set to zero . It is read out as the la st two · 

words in each data sequence .  The four least significant bits of the counter provide 
timing and control signal s for calibrations that are no t rr. :-.de every s equence (that 
are subcommutated ) .  This count is suppl ied to the shift r ead- in gate s of the data 
handling function .  

The aequenc e  cpu11t is  gated with · timing s ignals fro m  th e  main counter and with 
energy level per iod signals from the converter and tempera tur e  calibration drive� 
to ,Provide cahbration and s equence control s ignal s .  Thes e  a ignals are applied a& 
follows :  

Z- 1 38 . . . 
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a .  to the curr ent cal ibra te gener ator to control the c alibra tion cur r ent level . 
b .  to the segme nt driver and the pr e amplifier switch e s  to control high voltag e 

ac and de calibr ation wo rds dur ing s eque nce s 1 4  and 1 5  of  e<� :h cycle . 
... . to the commuta tor• dr iver of the data handling function to de ter mine when 

var ious data s ignal s are fed to an analog- to- pul se- wid th conv e r te r . 
d .  to the shift r eg i s ter o f  the data handling func tion to i·:,hib�t the "all collecto r "  

mea sur ement dur ing sequenc e s  14  a nd 1 5  o f  each cycl e . Th e  de cal ibra te mea ­
sur ement i s  subs tituted dur ing sequ enc e 14  and the ac calibrate mea sur ement is  
sub stituted dur ing sequence 1 5 .  

Z - 1  24 . SWE Converter and Tempe1·ature Calibration Driver - The c onverter and tem­
per a tur e cal ibration driver receives logic signals from the segment driver and 
from the main counter that define the "all collec tor " s tep of each energy level and 
tha t define the per iods of energy levels 14 and 1 5  of each s eque nc e .  Thes e signals 
a r e  gated to the sequence counter where they are gated into the s equenc e count. 

The level 14 s ignal is al so gated with the switch select inputs from the segment 
d r iv e r  to control the oper a tion of subcommut:ator A, subcommutator B, and the 
temperature subcommutator ,  all three of which are par t of the da ta handling func -

. tion . Subcommutator A i s  enabled dur ing energy level 1 4  o f  even sequence s and 
the temperature subcommutator and subcommutator B are  enabled s equentially 
dur ing level 14 o! odd sequences . 

2 - 1 25. SWE Current Calibrate Generator - The current calibrate generator feeds known 
l ev e l s  of 2 KHz squa r e  wave cur r e n t  signal to the input o f  each pr eampl ifier dur ing 
the calibrate period . The calibration control s ignal from the s equence counte r  
control s  add itio n  of succe s s ive  r e sistance attenuators  to determine which current 
level (off, low, medium, or high) will be performed dur ing a given s equence .  The 
olf- level prov ides � means of determining background noise of the preamplifier s .  

2 - .1 26.  SWE Sweep Driver - The sweepdrive r decodes the most significant bits of 
the main counter to e s tablish the high voltage s elect control signals supplied to the 
step genera tor . It also develops signal s that control the gain of the s tep generator 
and inhibits high voltage generation dur ing energy levels 14, 1 5, and 23 . 

2 - 1 27 .  SWE Segment Driver - The segment driver controls the preamplifie: switches to 
select the cup collector to be sampled during the eight words of an energy level . 

· 

During the Cir s t  word of an energy level, all s even cup s ignals are turned on at 
once to get a total mea surement of the current !rom ;�.11 cup s .  During the next 
seven steps , the s igna•s are turned on one at a time in numer;cal sequ•..:nce . 

2- 1 28.  SWE Data Handling Function. The data handling function processe s  the data ao 
that it can be pres ented to the data subsystem in the desired digital format. l'ig-
ure 2- 67 is a block diagram of the data handling function . 
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2 - 1 2.9 .  SWE Output C orr.mutator - Under c ontrol of the main counter and sequence 
counte r of the s equencing function, the output c9mmutator connects Faraday cup 
data , calibration data, and eng inee ring s tatus data to the analog- to-pulse- width 
conve rte r. Eaeh of the five input channels of the output commutato r cons is ts of 
two trans istors which dr ive a s e ries F'ET switch. Mea surements which the output 
commutator o :"'gar.izes into the data word stream a re :  

a. particle measurements and high voltage ac calibration signals, 
b. five subcommutated analog-to- pulse-width calibrate signals ,  
c .  four subcommutated temperature measurements,  
d. high voltage de calibration s ignals ,  and 
e. four subcommutated engineering s tatus measurements . 

' 
2 - 1 30 .  S \VE Subcommutator A - Under control ofthe converter and temperature cali -
bration driver, subcommutator A s equentlally connects five analog-to - puls e-width 
calibration signals from the voltage calibrate �eaerato!' to one channel of the out­
put c orr.mutator. 

2 - 1 3  L SWE Subcommutator B - Under c ontrol of the c onvertt:r and temperature cali ­
bration driver, subcommul:ator B s equentially connects four engineering status 
measurements to one c hannel of the output commutator .  The four status meas­
urements are :  

a. 
b • .  

c .  
d. 

sun s ens()r output signal, 
power suppfy + 5 vdc output, 
step generator voltage sample, and· 
a summed sample of the 2 KHz output of the frequency divider. 

£. - 1 32.. SWE Analog -to -Pulse -Width C onverter - The analog -to -pulse -width c onverter 
transforms de voltage levels into precisely controlled puls e  widths .  The tra.ns­
format.ion results l.n logarithmic rlCi ta compression and enables the conversion 
counter to convert analog s ignals into digital format compatible witl,. requirements 
of the ALSEP data subsystem. Analog-to- pul s e-width conversion is accomplished 
by timing the discharge of a capacitor that has been charged to the data voltage 
level . Signal potentials ranging from one millivolt to 10 volts are COhverted into 
pulse ·.v idths ranging from four microseconds to two millis econds. 

Z - 1 3 3 . SWE C onve rsion C ->unter - The conver shn counter is a: nine - stage ripple 
countet' that performs the analog-to-digital convers \ons r equired to transfer the 
SWE data to the data subsystem. These conversior s are  accomplished by count­
ing at a. 256 KHz rate .while a pulse is present at the output of the analog- to- pul s e­
width convertn.r. The most significant eight bits of this counter are r ead out into 

· the shift register through the r ead- in gates .  

2 - 1 34 .  SWE Read -in Gates - The read -in gates c onsist of eight OR gates .  Each OR 
gate consists of three NAND gates controlled by s ignals from the level inhibit and 
miscellaneous sync of the sequencing func-tion. When the read control signal ap­
plied to the NAl''� gates is ZERO, outputs from the conversion, s equence, or cycle 

2- 1 42 

c 

• 

c 



t \ 
I I 
; 
i 

i 

, , 
r l 
; I 

I 

, I I I 1 
J 

I 
.. tttt• *c t...,...�.,. fM ' ' C  f �� #'tdftu, 'illalll ¢('r+' "t'M.wb bd' 'Us+e:tM'kg \o.�� . ... -�..at.IL.·.a. .......... - ""' ii'Mi.F ... w'MC6_o1 __ .... ............ ,,� _,_, ................... ;..,.· ..._. .. _ .. , .... ...... 

• 

) . 

} 

0 

A LSEP -MT -03  

c ounte rs are tran sfe r red in parallel through the gate s into the least significant 
eight bits of the shift regi::.t e r .  During the fir st 1 84 word s o f  a s equenc e ,  the con ­
tents of the c onve r sion counte r are read into the s hift registe r . . During the I 8 5th 
word, the e ight low orde r bits of the s equence counter are read into the shift re g ­
ister. During the I 86th and last word of a sequenc e ,  the most s ignificant e ig ht bits 
of the sequence c ounte r are read into the shift register. 

2 - 1 35 .  SWE Shift Register - The shift register i s  a ten - stage registe r that is 
loaded in pa rallel with data. The se data are £ hifted out s e rially , most significant 
bit fir st, to the data subsystem when a demand pulse is received . 'f he least sig ­
mficant e ight bits of this register get their inputs from the read -in gate s .  The 
ninth bit of the s hift reg ister is a calibration tag bit. This position c ontain s a 
logic ONE for all calibration measurements and a logic ZE.;RO for all other mea s ­
ur.ements . The tenth bit of the shift r egister is s et to ONE only dur ing the I 8 5th 
and I 86th words of a s equence .  This provides a unique index for the data s equence 
and provides a way of identifying all data. 

2 - 1 36 .  SWE Voltage Calibrate Generator - The voltage c alibrate gene rat or ap­
plies known voltag e s  of 9000, 3000,  900, 90, and 9 millivolts through subcom ­
mutator A and the output c ommutator to the analog -to -pulse -width c onve rte r.  The 
voltage s  c heck operation of the c onverter and calibrate it. 

" 

2 - 1 37 .  SWE Powe r Supply Function. The data subsystem supplie s  power at +29 
volts to the SWE powe r supply function. The power supply .tran sforms this power 
to the various voltage levels required by the SWE and isolates the individual levels 
from the data subsystem g round. The powe r s upply provides :  

a .  + 1 5  v at' 5 0  rna 
b.  - 1 5  v at 50 rna 
c .  - 6 . 4 v at I .  0 rna 
d. +5 .v. at 225 rna 
e .  +35 v at 1 00 rna 
f. -- 1 2 0  v at 1 .  0 rna 

A block diag r(!-m of the power supply function is s hown in Figure 2 -68.  

Z - 1 38 .  SWE Inve rter - The inverter t ransforms input direct cur rent power to 
alternating cu-:r. rent powe r with which to drive the primary of the output trAns ­
forme r .  

2 - 1 39.  S W E  Outp'.lt Transforme r , Rectifie r s ,  and Filte r s  - The output trans ­
forme r ha s four secondarie s . Three of the secondaries are connected to full wave 
rectifiers that

.
produce voltag�s of + 1 5  volts , - 1 5  volts , +S. 0 volts , and +35 volts . 

The - 6 . 4 volt powe r is obtained from a zener diode c onnected to the - 1 5  volt line . 
The - 1 20 volt power is obtained from a voltage doubler circuit connected to the 
same s econdary as the +35 volt rectifier s .  Each output is adequately filte �ed . 

. . . 
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; z - 14o. SWE Cur rent Surge Suppressor - An RC c irc�it in the +35 volt line stores e lec -

I / I 

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

2. - 1 4 1 .  SWE Spike Suppressor Circ�its - Three spike suppressor circuits reduce tran-
&tent voltages fed back to the data subsysterp to less than 100 mv peak-to-peak. 

2. - 1 42.. SWE Current Limiter ..,; The current limiter contains a transistor in series with 
a low value resistance. The transistor and resistance are connected in series 
with the + 29 volt return to the data subsystem. Normally, the transistor and re­
sistor have little resistance; however, if excessive power is drawn by the inverter,  
current through the resistor causes  an increase in transistor emitter  voltage, 
thereby increasing transistor resistance and limiting the cut-rent. Limiting be­
comes effective at twice normal load. If, for any reason, inverter oscillation 
amplitude should decrease, diodes in the limiter circuit rectify less current. This 
causes resistance of the s eries transistor to decrease so that inverter oscillation 
amplitude returns to approximately its original value. 

2. - 1 4 3 .  SWE Dust Cover Releas� Function. After the LM has left the lunar surface ,  a 
dust cover release command signal will be initiated on Earth. The data subsystem 
will receive the signal and send a pulse through the interc'?r1aecting cable to SWE 
dust cover removal circuitry. The circuitry heats a fusible cord that holds spring- . 
loaded protective covers  over the Faraday cup apertures .  When the cord melts ,  
the covers spring away fro� the SWE. High voltage is inhibited during the pulse 
so that any tendency for the SWE to arc while cord vapor, may exist neaT the SWE 
is prevented. 
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Z - 144. SWE :qeate r �t .J::u . . .  ' • · · · •  : r  the t t•mpt• ratu r c  o! the c: lt' c t  r o t n ;. " " 11  , .. : ·  . _ 1 
falls below a certain V <.4 L . . . . . ,, 1 1 1 .• . •  1 isto r mounted on the a s s embly c a 'o! u  • r .. .  
sistors in the as sembly , , ,  • ' \ • �t l p;, t e  heat. 1n this manne r ,  the tempt> r � t :: r "  .,. ; � !· . ·  
the assembly is mainta i u  . .  , l  ,, 1 1  h i n  the range for proper ope rat ion du r i n �  l u :·. �> r 

night s . Wlienever the � \\ I I a  tuh operating ,  the A LSEP data s ub s y stem s �: t:i·'L " "  
power to resistors mouut ., ,\ ,m ttv� SWE electronics assemblie s .  This i s  don� t o  
prevent mechanical and <' l <' d r ; cal stre s se s  caused by the extreme cold of t he lu:a r 
enivronment • 
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2- 145. SUPRATHERM :;.. ION DETl�C TOR EXPERIMENT (SIDE) SUBSys·r:� : . ·  

The supra the rmal ion detector experim ent (i:HDE) comprises the suprathe rm .� . 
ion dete cto r  and the cold cathode ion gauge (CCIG ) ( Figure 2 - 69) .  The purpo:-. 
of the SIDE is to m eas ure the ionic envi ronment of the Moon by detecting the i ·  
resulting from the ultra-violet ionization o f  the lll;lla r  atmosphe re and the fret: 
s tream ing and the rmalized solar w ind. The suprathermal ion detecto r  will 
measure the flux, number dens ity, velocity ,  and energy per unit charge of po � 
tive ion s  in the v ic i':l ity of the luna r surface. The cold cathode ion gauge will  " '  
termine the dens ity of any luna r ambient atmosphere,  including any temporal 
variations e ithe r of a random character or as sociated with luna r local time o r  
solar a ctivity. In addition, the rate . of los s o f  contaminants left in the landing 
are� by the astronauts and lunar module ( LM) will be m easured. 

The SIDE use's two curved plate analyzers  to detect and count ions .  The l6w­
energy analyze r  ha s a velocity filter of c ro s s ed electric and magnetic fields .  The 
v elocity filter pa s s es  ions with dis c rete velocities and the curved plate analyze r  
pas ses  ions with dis c rete ene rgy, pe rmitting determ ination o f  mas s a s  well as  
number dens ity. The s ec ond curved plate analyz er,  without a v elocity filter , 
detects higher ene rgy particle s ,  as in the s olar wind. The SIDE is emplaced on 

· a wire mesh g round sc reen on the lunar surface and a voltage is applied between 
the electronics and g round plane to ove rcome any electrical field effects . 

The SIDE will count the number of low- ene rgy ion.s in s elected v elocity and ene rgy 
intervals over a velocity range of 4 X 104 em/ s e c  up to 9� 35 X 1 06 cm f_sec and an 
energy range of 0. 2 ev to 48. 6 ev. The distribution of ion mas ses  up to 120 AMU 
can be determined from this data. Jn addition, the ele ctric potential between the 
SIDE and the l<;»cal luna r s urface will .be controlled by applying a known voltage 
between the instrument and a g'round plane beneath it. If local electric fields 
exist, they. will be offs et at one of the g round plane voltage  steps .  By accumu­
lating ion count data at diffe rent g round plate potentials , an estimate of local 
electric fields and their effects on ion characteristics can be made. 

In addition to low- energy ion s ,  the SIDE will also m easure the numbe r of par­
ticles of highe r energie s ,  primarily sola r wind protons .  A separate detecto r 
counts the n·umbe r of particles in sele cted ene rgy intervals between 1 0  ev and 
3500 ev. The mas s of these  particles cannot be dete rmined becaus e the detector 
does not have a v elocity s elector. 

The CCIG will dete rmine the pres sure of the ambient lunar atmosphe re by meas­
uring the dens ity of  neutral atom s and the tempe rature of  the gauge at' the tim e of 
measurem ent. The CCIG measurem ents will als o provide an indication of the 
t.ffects of .contaminants left · by the LM and the astronauts on the lunar atmosphe re 
and the rate of decay of these contaminants .  The CCIG wilt m easure pres sures 
over the range of 1 0- 6 torr to lo- 1 2  torr. 

. . . 
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Five command lines are provided from the A LSE P data subsystem to the 
SIDE/ CCIG. Four of thes e  l ines are used to encode up to 1 5  d iffe rent command 
functions :  the fifth l ine provides an exccut'e command to carry out the command 
encoded illtO the othe r four l ine s .  The expe r im ent also has the capability to ca rry 
out two, one -time c omnands .  For example , the first time a pu lse i s  plac ed on 
command line No. 2, it also goe s to a one -time command register .  When the 
command is  executed, the co rre s ponding one - time command i s  als o executed. 
Subsequent pulses  on that line do not affe ct the one- time ·  command register. 

Two analog data lines from the SIDE/ CCIG to th" A LS E: P  data subsystem provide 
the high ene rgy curved plate analyzer  (C PA)  count rate and the low ene rgy C PA 
count rate to the data subsystem fo r inco rporation into A LSEP housekeeping 
word 3 3 .  Thes e  count rates are us ed a! r.1ackup me?.surements in the event of 
d igital counting electronic s  failure. 

The digital s c ientific data from the SIJ ./ CCIC cons ists of five 1 0 - bit wo rds in 
each ALSEP telem etry frame (words 1 5 , 3 1 ,  47,  56 ;-nd 63) .  A total of 1 0  wo rds 
are use d  to make up the basic uuit 0£ data , whi<...11 . a.!led a SIDE frame.  Tae 
experiment programm er goes through 1 2 8  s teps in cumpleting its p rog ram ; thi s i s  
called a cycle. The ground plane s tepper s teps once pe r cycle. The 2 4  cycle s , 
which constitute the number of g round plane voltage steps , are called a field. 

Z- 146. SIDE PHYSICAL DESCRIPTION 

. The suprathe rmal ion detector experiment cons ists of a veloc ity filter ,  a low 
energy curved plate analyzer ion detecto r ,  a high ene rgy curved plate analyze r  
i�n detector,  a cold cathod e i on gauge , a wire m e s h  ground plane ,  and a s sociated 
electronics ,  

The package structure cons ists o f  a n  internal chassis  which mounts the elec­
tronics and ion detecto r s .  The inner chassis  is  held unde r tens ion to the outer 
case by four tie-down points to the bas e ,  and is supported at the top by four nylon 
buffers in the thermal spa c e r. The thermal spacer  reduces the solar heat input 
to the electronic s by reflection at the s econd surface m irrors on its top surface 
and by isolating the inner chassis  from the oute r case .  The the rmal spacer also 
allows heat from the e lectronics to be radiated to space.  A conductive g rid net­
work on the upper surface of the top plate provides an equipotential reference 
surface a round the ape rtures to the ion detecto r s .  

The ion detecto r  aperture s  a re protected during t rans it and LM departure by a 
s ingle dus t  cover released,  on g round command, by a s olenoid ope rated catch. 
The oute r cas e ,  

·
leg s ,  and dus t  cove rs are painted with white the rmal paint which 

contributes to the the rmal control of the experiro ent. Furthe r thermal control is 
obtained th rough us e of �lectric heaters .  A bullseye leveling gauge is mounted on 
top of the SIDE to enable the astronaut to level the pack3.ge within 5° of level dur­
ing deployment. Three folding legs on the bas e  o£ the chas sis are extended during 
deployment to form a low tdpod suppo rting the package .  

2-:- 1 49 
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The oute r ca s e  hous e s  the cold ct>.thode ion gat;.g e (CCIG) which i s  removed by the 
a s tronaut dur ing de ployment of the SIDE. The gaug e is connected to the expe l'i­
ment by a c ha rt cable. The CCIG ape r tu r e  it. s ea led again s t  ing re s s  c f  d i rt and 
m o i s tu r e .  The s ea l  is remov e d ,  on g round comm and , by an explo s i ve a c tuat�d 
p i s ton releas ing a s p r ing. 

The g round plane is hous e d  in a tube attached to the SIDE and is removed by the 
a s t ronaut dur ing de ploym ent The g round plane is a condu ctive w i r e  m e s h  net­
wo rk pla ced on the lunar s u r fa c e  benea th the e xpe r im ent to p rovid�J an equipoten­
t i a l  r e fe rence su rfa c e  fo r c::mtrol of local e l e c t r i c  :ie lds betw e en the two SIDE i on 
detecto r s  and the luna r surface • 

Tl:>! flat tape ca ble connecting the expe riment to the A LSF.P central station is  
hons ed in a reel which i s  s towed a t  the ba s e  of the SIDE. The reel is  removed 
and the cable d eploy ed when deplo�· ing the expe riment. Table 2- 2 1  l is ts the 
leading pa r ticula r s  of the SIDE/ CCIG, 

Tab l e  2- 2 1 .  SIDE T4eading Pa rticula rs 

Characte risti c  Value 

He ight 
W idth 
Depth 
W e i ght 
In strument operational powe r 
Heate r power : ope rating 

surv ival · 

Input voltage 

1 5 . 25 inche s 
4. 5 inche s 
1 3  inches . 
1 9. 6 pounds 
6.  0 watts 
4. 0 watts (ni ght) 
6. 0 watts (night) 
2, 0 watts (day) 
+29 vdc 

2- 1 4 7. SIDE FUNC TIONA L DESCRIPTION 

The SIDE/ CCIG . i s  d ivided into four major functional elem ents ; command function, 
programmer fun ction, ion detection function, and data handling function ( Fig-
ure 2 - 7 0 ), In addition, a power supply functi on provides system powe r to all 
operational c i rcuits and a the rmal eontro1 function maintains the rmal equilibrium 
of the expe r im ent on the luna r surface.  

The command function accepts command and exe cute pulses  from the c entral 
s tation data s ubsys tem , decode' the comma.nd s ,  and applies  them to the pro­
gramme r  func'tlon or the ion detection functions as  appropriate • 
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Figure Z - 70. Suprathermal Ion Detector Experiment, Functional Block Diagram 

The programmer function provides timing and control to the ion detection func­
tion and the data handling function. The voltage stepping of the high energy 
curved plate analyzer , low energy curved plate analyzer ,  velocity filter ,  and 
ground plane are controlled by the progra .. nmer function� The programmer also 
supplies calibration timing to the cera. 
The ion detection function is accomplished by the low energy curved plate analyzer ,  
the high energy curved plate analyzer ,  the cros sed field velocity filter , the low 
energy channeltron, and tht: high energy channeltron. Ions detected at the various 
voltage steps are counted and the data is provided to the data handling function. 

The data handling function accepts digital and analog data from the other  func ­
tional elements of the experiment, converts as necessary, commutate& ,  and 
gates out the scientific and engineering data to the central data subsystem. A 
parity check is also generated in the data handling function. 

2- 1 48. SIDE DETAILED FUNCTIONAL DESCRIPTION. 

The four major functions of the SIDE/CCIG are discussed in detail in the following 
paragraphs in data flow sequenc e ;  c ommand function, programmer function, ion 
detection �unction, and data handling function. 

_ 2- 149. SIDE Command Function. Five command lines are provided from the 
ALSEP data subsystem to the SIDE/ CCIG (Figure 2 - 7 1  ). Four of these line s are 
used to encode up to 1 5  different comma1&d func�ions ; the fifth line provides an 
execute command to carry out whatever command ls coded into the other four · 
lines. Commands are received from the MSFN ground stations through the ALSEP 
data subsystem , decoded , and ap;lied to the SIDE/CCIG command funetion. 
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Figure 2. - 7 1 . . SIDE··Command Function, Block Diagram · 

The command function receives ·  and furt�er decod'es the functional commands and 
routes them to the appropriate prog1·ammer· function timing and control circuits 
for implementation. · The coding of the commands . and their functions are listed 
in Table Z- zz. All commands are pulses.  The SIDE/ CCIG uses these pulsed 
commands by encoding. Two encoded commands are used for one time only opera­
tions a::; well .as routine Qperation. Four of the five incoming command lines are 
encoded in a four bit command input buffer : which is then strobed into a second 
(mode) buffer when an execution command is .received via the fifth line. On re­
ceipt of the execute command, the commands are decoded and applied to the ·ap­
propriate timing and control c ircuits of the programmer function. 

Two one-time· commands are incorporate'd to permit activation of the CCIG Seal 
Break and Dust Cover Blow circuits. The fir st time octal command 1 05 appears , 
it is routed to the one time comm-and register as well as the command input re ­
giste r. When the execute command is received in the execute gate r the command 
in the one -time register is executed causing CCIG seal removal. Subsequent octal 
1 05 commands are routed to tlie command input register only and have no effect on 
the one-time register. The same is true of octal command 1 07 as  a one-time com ­
mand causing dust cover blow. The status of the command input and mode registe rs 
is monitored and status signah are supplied to the data handling function. 

I . , ,  

2. - 1 50. SIDE Progratnmer Function. The programmer function provides timh.g 
and control s ignals to the two curved plate analy�er� .  �he CC!<;i. ground plane , and 
the data handling function (Figu·re 2.- 72.)� . Basic timing is received from the· ALSEP 
data subsystem in the form of shift, data demand, frame mark, a�d even frame 
mark pulses to the logic timing of the programmer� · Command pulses  from the-
, · ... mmand function and a. parity pulse  'from the · data handling function are the other 
inputs to the programmer function. . · · 
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Table 2 -22 .  SIDE/ CCIG Commands -
- ·  

OL FUNCTION 

One -t.ime commands 

Cl- 1 Break CCI G s eal  
CI-2  Blow dust  cover 

Ope r ational commands 

CI -6  

CI - 7  
CI - 8  
CI-9 
CI - 10 
CI- 1 1  

CI- 1 2  
CI - 1 3  
CI - 14 
CI - 1 5  

CI- 1 6  

CI - 1 7 

CI- 18 
CI - 1 9  
CI -20 --

Ground plane step programme r  
on/ off 
Reset SIDE frame counter at 1 0  
Reset SIDE frame counter at 39 
Reset velocity filter counte·r at 9 
Reset SIDE frame counter at 79 
Reset SIDE frame co1mter at 79 
and velocity counter ctt 9 
X 1 0  accumulation interval on/ of£ 
Mas ter  reset 
Velocity fi lter voltage on/ · . f£ 

Low em:rgy CPA hi gh voltage 
on/ off 
High energy CPA .. high voltage 
on/ off 
Force continuous calib.ration 
(cycle� 1 20  to 1 2 7 1  
CCIG high voltage on/ of£ 
Chauneltron high voltage on/ off 
Reset command input regis te r  

OCTAL 
COMMAND SEQUENCE 

1 04 1 0 5  1 06 1 07 1 1 0 

X X 

X X 

I 

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 

The SIDE frame counter is  tho primary time reference. It is  a N/ 1 Z8 counter 
capable of controlling the 'experiments 1 Z8 states.  Synchronization and advance 
pulses  are applied to the high energy, low ene rgy, velocity filter ,  and ground 
plane counters that control the voltage stepping in the ion detection function and 
als o  are appUed to the accumulators and gates in the data handling function. In 
addition, the programmer function enables gates for a series of calibration sig­
nals through the ion detector s at the end of each counting period • 
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Figure 2-72. SIDE Programme r r nction, Block Diagrar.�. 

t. - 1 5 1 .  SIDE Ion Detection Function. The low and high energy ion detectors 
count the positive ions within certain velocity and/ o;.- electron volt energy bands 
that enter the detector s within a specific time interval (Figure 2-73 ). The CCIO 
counts n"!utral atoms entering the cera sensor within a specific time interval and 
also monitors the temperature of the senso.r to provide the data required !or cal­
culation of the lunar atmospheric pres sure� The ground plane voltage control cir­
cuits contr ol the electrostatic potential between the lunar surface a"'d the - IDE ion 
detectors.  

The low energy ion detector measures the differential energy spectrurn of posi­
tive ions having energies 'i>etween 0. 2 and 48. 6 electron volts per unit charge and 
masses  between one and � �0 AMU. The low energy ion detectc,r consists of a 
Wein velocity filter (c ros .. ed magnetic and electric fields ) ,  cur:ved plate analyz�r , 
electron multiplie r ,  detecto r amplifier ,  and stepping voltage supplies  for the 
velocity filter and the curved plate analyzer. Positive ions enter an aperture in 
the SIDE tc:�"l plate and enter the velocity filter ,  which passes  01.ly those ions in 
t\ narrow velocity range. The range is determined by the voltage applied by the 
velocity filter step}-1ng voltage supply. This volta.Je supply is sequenced by the 
counter in the programmer !unction through a serit!s of 1 20 different voltage 
steps i 20 steps for each o! six voltages --;£ the low energy curv"!d plate anaJ.yzer 
into which the ions paued by the velocity filter are airected. The curved plate 
analy�er passes only those ions with a mass per unit cht . ge that will permit the 
ions to follow the curvature of an electrost11tic: field developed - between the tw\.1 
curved �l'\ .. allel plates of the CPA. Ions with mass  }'er �nit charge ratios outside 
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those which can follow th<:. curved field are  abs o rbed by the C PA plate s .  Th e m a s �  

pe r unit charge ratio a t  the c ente r o f  the ba·nd pas s ed by the CPA i s  controlled uy 
the voltage applied to the cu rved plate s by the C ?A stepping voltage supply. Th i s  
voltage supply is sequenc ed by the low energy counter i n  the prog ramme r  func ­
tion th rough a series  of s ix diffe rent steps or  pa s s bands ranging from +0. 1 to 
{- 24. 3 vdc .  Thes e  steps togethe r with the voltage ranges of the velocity filte r ,  
pe rmit a total o f  1 20 m a s s  p e r  unit charge resolution steps. 

The high ene rgy ion detector measures  the diffe rential ene rgy spectrum of pos i ­
tive ions having ene rgies betwe en 1 0  and 3 500 electron volts p e r  unit charge r e ­
ga rdles s  o f  mas s .  The high ene rgy ion detector does not employ a velocity filte r ,  
but is  othe rwi se s imilar t o  the low ent. rgy detecto r.  Pl')sitive ions entering the 
high ene rgy i oL detector ape rtu re pas E directly into the high ene rgy cu rved plate 
analyzer.  B� cause no veloc ity filte r is used ,  all po sitive ions having mas l:> /  
velocity p :r:oduct per unit cha rge ratios within a c e rtain band a r e  pa s s ed dependent 
on the voltage applied to the cu rved plate analyze r  plates. This voltage is sup­
plied by the high ene rgy cu rved plate analyze r  stepping voltage supply and is s e ­
quenced by the high energy counter in the programmer function through a se rie s 
of 20 differ ent voltage steps ranging from 2. 5 to 87 5 vdc. 

The ions pas s ed by both the J...ow ene rgy and high energy curved plate analyze rs  
enter s eparate Channeltron @) electron multiplie rs  which multiply, up }& 1 000 
time s ,  the pulse effect of the individual ion inputs. The Channeltrons QY are 
operated a t  - 3 500 vdc. 

The outpu�. pulses are applied to sepa rate detector amplifiers. The detector 
amplifiers  dis c r iminate between the output pulses and circuit nois e ,  as  well as 
amplifying the output pulses.  In addition, pulses  from the Channelt ron R ·a rc  
limited to  approximately one pe r mic rosecond. The detector amplifier  outputs 

. are applied to the data accumulators in the data handling function and to the 
logarithmic count rate mete rs.  

l:;alibration s ignals at  0 Hz , 1 36. 72 Hz , 1 7. 5 KHz , and 560 KHz are gated in s e ­
quence through the amplifier s  of the ion detecto r s  a t  approximately 2 .  5 minute in­
te rval s to ve rify thP. functioning of the amplifiers  and ass ociated c ounting ele 9 -
tronic s. During calib ration the C PA stepping voltage supplies are prog rammed to 
zero and the velocity filte r voltage to maximum pos itive preventing ion counts. 

• 
The CCIG detector measu res  neutron c..tom densitie s corre sponding to atmos pheric 
pressures of 1 0- 6 tor r. to a:oproximately l o - 1 2  i.orr. The CCIG detector ccms ists 
of the CCIG sensor , +4500 vdc powe r supply, P.FI filte r ,  electr ometer amplifie r ,  
range c ontrol and calibration ci ;cuits , and C CIG sens o r  tempe ratu re monitor 
cil"cuits. · Charged particles entering the CCIG senso"t:" are deflected into el ongated 
spiral paths by a combination of magnetic and electrostatic fields enhancing the 
pr obaJ:.ility of c ollision with the more nume rous neutral atoms enter ing the s ensor. 
Ions produc ed bf the se collis ions and free ic·ns are c.:ollected by the sensor elec - . 
t rodes which c r eate the electro static field. A +4500 volts de is maintained on the · 

. . . 
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electrodes by the +4 500 vdc power supply. The ions resulting from collis ions 
within the CCIG greatly outnumbe r the free ions and result in a minute cu r rent 
flow thr ough the sensor connecting cable , RFI filte r ,  and input circuits of the 
electrometer amglifier. The electromete r amplifier amplifies  input currents be ­
tween 0. 1 and 1 0  mic ro-microampe res , and applie s  them to the data handling 
function. The electrometer amplifie r has thret.• ope rating range s which are auto­
matically s elected by the range control and calibration circuits. Thes e  circuits 
also automatically cor rect the no-ion count output of the electromete r to zero ,  
and on command from the programmer ,  gate a s eries of  precisely regulated cu r ­
rents thr ough the electrometer amplifier  input circuits for calibration and meas ­
urement accuracy checks . The temperature monitoring circuit monitor the tem­
pe ra.ture of the CCIG s ensor during the c ounting periods to provide tempe rature 
data for calculation of the lunar atmospheric pressure. 

The ground plane and voltage c ontrol circuits apply a series of de voltage s  in 
steps to the wire mesh g round plane. { The CCIG s enso r ,  a neutral particle de­
tecto r ,  is not placed on the g r ound plane in  the deployment process .  ) The volt­
ages ;�.pplied to the ground plane are  controlled by the g round plane sf:epping volt­
age supply. This supply is s equenced by the g round plane counter  in the pro­
grammer function through a s eries  of 24 differ ent voltage s teps , ranging from 
+27. 6 to - 27. 6 vdc. The voltage is s tepped each time the SIDE frame c ounter r e ­
sets t o  ze ro. 

2- 1 52. SIDE Data Handling Function. The major elements of the data handling 
function (Figure Z- 74) are the status sub-commutator ,  analog -to-digital con­
verter commutator , and the high and low energy count accumulator s ;  all applying 
data to the strobe gate for t;·ansfe r  to the c.entr al data subsystem and subsequent 
downlink transmission to the MSFN� In addition, a parity g enerator provides a 
parity bit for each SIDE frame. 

Status s ignals from the ion detection function, command function, and programme r 
function are provided to the status s ub-commutator of the data handling function 
for c ommutation into one output. The following status s ignals are supplied to the 
stat1.1 s - subcommutator :  ground plane step, calibration rate , electrometer rang e ,  
dust cover and CCIG s eal , mode register , command register and a programmer 
advance pulse.  A parity bit from the parity generator is alRo supplied. Afte r 
commutation, thes e  s ignals are  s upplied to the data handling strobe gate as a 
single input. 

Voltages  from the ion detecto r s  and other engineering housekeeping data is sup­
plied to the analog - to-digital converter commutator in analog form. The analog 
signalfl are .: onve rtec.. to digital s ignals , commutated and applied to the data 
handling strobe gate for transfer to the central data subsystem. 
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Figur e  l.-74. SIDE Data Handling Function, Block Diagram 

The high and low energy accumulators are ZO-bit counters which ac cumulate the 
number of output pulses from the high and low energy discriminators and gate them 
out to the data handling strobe gat�. 

Word, shift, and even frame pulse� are supplied to the data handling strobe gate 
from the programmer function to control the operatipn of the strobe gate. 

A parity generator looks at the strobe gate outputs and counts the number of ones 
in each frame. If the number is odd, one is ins erted for the par ity bit of the next 
frame. If the number is even, zero is ins erted for the parity bit of the next frame. 
This provides a parity check for each SIDE frame • 

Z- 1 5 9/ 2- 160  



t 

l 
__ ..,_..., t 

1 

I 
i ' l  

I l , 
I f I I 

• 

) 

• 

0 

I 
# d ••tr % ...;... ... �--'""M'""'iot. _______ . ._ ___ :;.;...;.::""��....::.;.:.:�;:.__..;...,.;.,;:_ ::.__.....:..___. __ • __ ---

A LSEP-MT - 0 3  

Z - 1 53.  ACTIVE SEISMIC EXPERIMENT (A SE) SUBSYSTEM 

--- ... --··�-----· ·---·- -

The primary function of the a :tive seismic experiment (ASE) is to generate and 
monitor artificial s e ismic waves in the 3 to 2 50 Hz range, in the lunar surface 
and near subsurface .  The ASE can also be used to monitor natural se ism ic 
waves in the same frequency range. The objective of these functions is to a c ­
quire information to  enable determ ination o f  the physical properties o f  lunar 
surface and near subsurface mater ials . 

Seismic waves will be artificially produced by explosive devices , and detected 
by geophones .  The resulting data w ill be  telemetered to  Earth for study and 
interpretation. By varying the location and magnitude of the explosions with 
respect to the geophones ,  penetration of the seismic waves to depths of approx­
imately 50v f�et can be achieved, and wave velocities thr('�gh several layers  of 
subsurface materials investigated. The velocities of (.Ompress ional waves , their 
frequency spectra, and rate of attenuation are func� tons of the physical con�tants 
of the near surface lunar material. Interpretatica of this data permits the type 
and character of the lunar material to be inferred,  as well as the degree of in­
duration and bear ing strength of these mater ials. This information is desirable 
for understanding · the nature and or ig in of these materials. 

Two seismic energy sources w ill be employed. A thumper device containing 2 1  
explosive initiators will be fired along the geophone lines by the astronaut. The 
astronaut will also emplace a mortar package containing four high explos 1.ve 
grenades .  The grenades  will be  rocket'- launched by Earth command near the 
end of the ALSEP mi&s ion (about one year  after deployment) and aA"e designed 
to impact at four d ifferent ranges ;  approximately 500, 1 00 0 ,  3000 and 5000 feet, 
with individual high explosive charges proportional to their range. 

The seismic detectors are three identical geophones .  The geophones are  electro­
magnetic transducers  which translate high frequency seismic energy into electri­
cal signals . The outputs of the three geophones are applied to separate logar ith­
mic compress ion amplifiers to obtain maximum dynamic range and maximum 
sensitivity. 

The ASE uses seven commands transmitted from the MSFN to arm and fire the 
grenades and to effect geophone calibration. Other commands are used to effect 
power distrib\ltion to the ASE from the data subsystem and to place the data sub­
system in t he active seismic mode. The thr ee channels of seismic data generated 
by the ASE and 1 3  channels of engineering data will be converted to digital fern­
within the experiment ' for transmis sion to Earth. A ;w-bit digital word format 
and a 1 0 , 600 bit/ sec data rat� will be used in the ASE to ensure accurate encoding 
and trans.m Lss ion of cr itical real time event data, and to provide a relatively 
high hequency seismic data handling capability. The higher bit re-te and longer 
word length are incom!J<.tiblc with the normal ALSEP format and preclude usual 
data collection from the other exp·eriments during the time the ASE is activated. 

. . .  
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There  are  five s ignificant measurements from the ALSEP electrical power sub­
system includ�d �n the A:3E telementry format as engineering d�ta. The ASE 
formats and appl ies the ::.e i sm ic and eng ineering data to the data subsystem m od­
ulator for modulation and downlink transmis s ion. 

2 - 1 54 . ASE PHYSICAL DESCRIPTION 

The ASE comprises the thumper-geophone assembly, mortar package, central 
electronic s a s se mbly, and interconnecting cabling. Figur e 2 -7 5  illustrate s the 
ASE components . 

Z - 1 5 5. ASE Thumper -Geophone Assembly. The thumper comprises  a short 
handle or staff with an initiator mounting plate and a base plate at the lower end. 
The upper ·end contains a pair of switches ( arming firing , and AS! s election) and 
associated electronic s .  A flat, four-conductor cable connects the thumper to 
the central station. 

The initiator mounting plate contains Z l  Apollo standard initiators (AS!) mounted 
perpendicular to the bas e  plate and a pressure switch to detect the instant of 
initiation. 

The four-conductor cable connecting the thumper and central station electronic s 
is  stored on a SIJlit spool on the upper end of the thumper handle, abo�e the 
switche s ,  during the flight phase  and is unwound by. the astronaut during deploy­
ment. 

The thumper also stores the three· geophones and connecting cables /until deployed. 
The cables are wound on a reel located just above the initiator molinting plate. 
The geophones are mounted in indiv:idual hole s  in the reel. 

2 - 1 5 6. ASE Geophones .  The three identical geophones are ele¢tromagnetic 
devices  which translate physical surface olr subsurface mc..veme�'t into electrical 
signals .  The amplitude of the output s ignals i s  proportional to t}le rate of physi­
cal motion. The geophones will be deployed at 1 0 ,  1 60 ,  and 3 1 0, foot intervals 
from th(: central station and are connected to it by cables. · The/ cables and geo­
phones are stored on the thumper during transport and r noved cluring deploy­
ment. 

Z- 1 57 .  ASE Mortar Package. The mortar package assembly (MPA) consists of 

0 

• 

• 

a mortar box assembly, a grenade launch tubl' assembly (GLA), and interconnect- l 
ing cables .  ' 

I 
The mortar package is deployed at an a�gle approximately 45P to the lunar sur­
face to provide an optimum launch angle for the grenades. T!wo legs S}:lread 
from the upper end of the pac kage to form a triangular bas e  o}lith a beveled lower 
end !or stability. The s tability of  the mo,rtar package is. enh�nced by the effect-
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ively open launch tube s which m inim i z e  the r ec oil from the g r enade launching s .  o The bottom of the therm al insulation bag i s  fragile and i s  dis integrated when the 
rockets are launched. 

Z- 1 58. Mortar Box. The mortar box i s  a rectangular fibe rgla s s  box with a 
magne sium st ructure and folding legs in which the GLA i s  mounted. The mortar 
box c ontains an electronic s pr inted c i r cuit bo-. rd a s s embly, a receiving antenna, 
two s afety switche s ,  and a thermal bag. The electronics  contain c ircuitry for 
the arm ing and firing of the rocket m otor s  launching the fou r grenade s ,  and also 
fo r the operation of the heate r s .  The rec eiver antenna is a vertical antenna 
m ounted to the s ide of the mortar box. The antenna i s  folded along the edge of 
the packag e dur ing transport and unfolded by the astronaut du ring deploym ent. 
The heater s are  atta ch ed to the inside of the thermal bag. 

2- 1 59 .  Grenade · Launch As sembly (G LA).  The GLA c onsists of a fibe rgla s s  
ljtunch tube a s s embly ( LT A )  which includes the four rocket - launched g r enad e s ,  
a g renade safety pin a s s embly, thr e e  m icroswitche s ,  thr ee tem perature s ensor s ,  
and a two- axi s inclinom eter. Each of the four launch tubes has a three - inch 
c r o s s  section. Two tube s are  nine inche s  long , and the other two are s ix inche s 
long. 

Each gr enade is attached to a range l ine which is a thin stranded cable that i s  
wound around the outside of the launch tube. Two fine c opper wires  ar e  looped 
ar ound each r ang e  line. The first  loop is  spaced so that it will b reak when the 
gr enade is about 1 6  inches out of the launch tube. The s econd )oop is s paced 
so that it  will break when the range line has d eployed exac tly an additional Z 5 feet 
fr om the first br eakwire.  Breaking the loops start and stop a r ang e gate pulse  
e stablishing a tim e  interval for  determ ination of the g r enade velocity. 

The four grenade s a r e  s imilar,  differ ing only in the amount of propellant and 
high explosive. Each consists  of a thin fibergl a s s  cas ing w ith a Z. 7- inch square 
cros s section and r anging from four to s ix inches long. The cas ing contains the 
rocke� moto·: , safe slide plate ,  high explos iv �  charge,  ignition and detonation 
devic e s ,  thermal battery, and a 30 MHz transmitter.  The range line is attached 
to the transmitter output c:.nd s erves as a hal£ wave end feed antenna. 

The launch tubes ·for grenadP .s  two, three, and four each c ontain a n1ic roswitch 
closed by · launching the grenade. Each switch conne cts the fi ring command from 
a s equential grenade fir ing circuit to the nexl. g.-enade to be launched. 

Two temperatur e sensors are located between tube s  one and two of the LTA and 
a thi rd is located between tube's three and four. One of the s ensor s  provides ah 
analog s ignal of the GLA tempe.rature to the data handling function of the ASE. 
The other two � ens o r s  are part of the heate r  control circuitry. . . 
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The two- axis inclinometer provides pitch and roll angle (deviation from the 
vertical) information on the m ortar package.  The analog outputs from the angle 
transducer s are  applied to the data handling .function of the ASE. 

2- 1 60. Interconnecting Cables .  A c oaxial cabl e connects the antenna on the 
m ortar box and the c entral station electronics .  A 20-c onductor flat tape cable 
connects the m ortar package electronics  and the electronics  in the c entral station 
providing the nece s s ary power and s ignal paths . 

2 - 1 6 1 . ASE Central (Station) Electronics .  The c entral electronics a s s em bly is  
located in the central station and contains c ircuits for power cont7:ol, temperature 
sens ing, calibration, s ignal conditioning and data handling. Included a s  sub­
a s s em blies are the g eophone amplifier ,  the ASE receiver ,  and the A/0 Conver ter 
and multiplexer. 

Z- 1 62 .  ASE Leading Particulars .  Table 2 - 2 3  ASE Leading Particulars  l ; st the 
size, weight, =ind power r equirem ents for the ASE com ponent.s and a s s e�.:."ulies.  

Table Z- Z 3 .  AS E  Leading Particubr s 

Characteristic 

Physic al Data 

Thumper - Geophone Ass e mbly 
Length (folded) 
Weight 

Thumper ; 
Length (deployed ) \ 
Weight (including cables and initiato r s )  

Geophone s  
Height (including spike ) 
Diameter 
Weight (three  geophones with cables ) 

Mortar Package 
Dimensions Envelope (Same as mor tar box below) 
Weight . 

, 

Mortar Box 
Height 
Width 
Length 
Weight (including antenna and cables )  

. . . 

Value 

1 4 . 5 inche s 
6 .  96 pounds 

44 . 5 inche s 
4.  0 1  pounds 

4. 80 inch• s 
1 .  66 inches 
z. 95 pounns 

1 4 .  69 pounds 

9 . 5 inche s 
4 .  0 inche s 

1 5 . 6 inches 
4 .  08 pounds 

I z..: &.6$ · 
•,c .-:��.;; j �� j 

�11 � 
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Table 2. - 23.  ASE Leading Particulars  (cont) 

Valu e 

Frequency Re spons e 
�-------------------------·------------------------------------------r--------------------1 Gr enade Launch A s s embly 

W id th 
Length 
Depth 
Weight ( including gr enades )  

Gr enade s 
Cro s s  section 
Leng th 
Weight ( # 1 =2. . 6 7, #2.=2. . 1 9, 

#3= 1 . 70, #4= 1 . 52.)  
Central Elec tronic s AsserrLbly 

Height 
Width 
Length 
Weight 

Seismic Detection System ( To the mean o! ten to 1 00 Hz 
response  characteristic ) 

3 .  0 to 1 0 Hz 
1 0  to 1 00 Hz 
1 00 to 2.50 Hz 
2.50  to 450 Hz 
450 to 500 Hz 
Above 5 00 Hz 

System Power Requirements 

Voltages  
ASE activated 

ASE deactivated 
Power 

Operational 
Thermal control (Standby) 

2. - 1 63, ASE FUNCTIONAL DESCFlPTION 

9 .  0 inche s 
1 3 .  7 inche s 
6 .  2. 3  inches 

1 0 .  88 pounds 

Z. 7 inches 
4 to 6 inches 

8 .  08 pound s 

Z .  75  inches 
6.  1 8  inches 
6. 77 inches  
3 . 0 7  pounds 

+1 db , - 6  db 
:t 3 db 
:t 6 db ' 

.Les s  than + 1  db 
Les s  than - 35 db 
Les s  than - 40 db 

+2.9·, + 1 5, - 1 2., and 
+5 vdc 
+2.9 vdc 

8. 0 v. � .ts 
. 1 .  75 watts 

The ASE has three basic: operating modes related directly to the seismic energy · 

so1•rce under investigation. The thumper mode which is activated with the 
astronaut still etn the lunar surface, the pauive listening mode which is used to 
measure natural seismic phenomena dut:ing the period of the ALSEP mission on 
the Moon, and the Mortar n,ode which is activated near the completion of the 
ALSEP mission • 

. . . 
Z - 1 66 
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2- 1 64. ASE Thumper Mode. In the thul'l1per mal c ,  the thumper is used tc fi r e  
an Apollo Standard Initiator ( ASI) a t  each 1 5  foot inte n a l  as  the astronaut returns 
to the cent;ral station along the geophone cable. The instant of ASI ini t iation ioJ 
detected and telemetered as a real time event. Compr e s s i on waves g enerated in 
,the lunar surface and near surface mater ial are detected ·)y the g eophones ,  and 
c omparison of initiation instant and wavf: detection tim e s . perm it determination of 
the wave velocity. 

2- 1 65. ASE Morta r Mode. In the m ortar mod e ,  four rocket- gr enad es are 
individually launched from the mortar package by commands from Earth. The 
pitch and roll angles of the mortar p��ckage are mea sur ed to determ ine the 
launch angle of the grenade. Rang e  line breakw ire circuits provide launch 
velocity data. A rad10 transm itter in the gr enade,  activated at launch and de stroy­
ed on impact, furnishes time of flight and instant of explos ion data. Impact point 
of the g r enade and s e imic wave velocity may be determined from the above data 
which are telemetered as real time event s .  

2 - 1 66. ASE Pas sive Listening Mode. Ir the pass ive l istening mode , the s eismic 
detection system monitor s  natural s ei smic activity g enerated by tectonic disturb­
anc es  or xr. eteoroid impacts.  The ALSEP data subsystem must be operating in 
the active seismic m ode to ac c ept and proces s  these s ig nals for downlink trans ­
miss ion. 

. 2- 1 67. ASE DETAILED FUNCTIONAL DESCRIPTION 

'!'he m ajor functions of the ASE include s eismic s ignal generation, seismic wave 
detection, timing and contr ol ,  data handling and power control. Figure 2 -76 
illustrate s the ASE functions. The action and interaction of these  functions a re 
discus s ed in the following p<�.ragraphs. � 
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Z - 1 68. ASE Seismic Signal Gene ration. Seismic wave s will be artificially gen­
erate d  u sing two methods . The thumper initiator :; and the grenade high explos ives 
will p1.·o·�ide the energy for s;. smi;: wave generation. 'T'he thumper will be operated 
by the a stronaut whil� still on the lunar surface , Some time (approximately one 
year) afte r the astronauts leave the Moon, the ASE grenade s will b<: �aunched  by 
corr.mands from Earth. F�gure Z -77 illustrates the seismic signal gPneration 
function. 

The a :  . onaut will remove the thumper from the subpackage and place it in a tem ­
porary location. The mortar package a s sembly will be deployed 1 0  feet from the 
central station in a direction opposite to that selected for geophone emplacement. 
(See Flight 4 "deployment diagram in Section IV . )  The astronaut will coars e  level 
the mortar package a s  it is E>ited and erect the receiver antenna including the !lag 
for use in visual alignment of tne geophones .  Actual angle of the mortar package 
from the vertical will be sensed by the two-axis inclinometer and its transdu �rs  
will provide analog signals C\l.ntaining this data to  the ASE data handHng function. 
The + 1 5  vdc transducer operating power \s also monitored and an a nalog signal 
indicating status i s  applied to the data handling function. 

The astronaut will retrieve the thumper and c.nwind the gcophone cable from the 
thumper as  the geophone s are emplanted at the pre scribed 1 0, 1 60, an-:1 3 1 :1 foot 
distances  from the central station. The thumper power and s ignal c.al.>le w 111 also 
be unwound as the aE�tronaut deploys the genphone s .  Whe · th e  geophone s u '!." ::'  
been emplanted, the a drona�t will return along the geophone line st�.lpping at 
marked intervals (approximately every 1 5 feE't) to activate the thumper. 'I'he 
thumper cor1tains Zl Apollo standard initiatcr s  (ASI) which are inaividually se­
lected and fired by activation of the selector. switch and the arm/fir� tiWitch o., the 
upper port;on of the thumper.  The indexed selector switch permits the astronaut 
to select the individual ASI for firing . As a precaution against inadvertent initia­
tion, the arm/fire switch mus t  be rvti'\ted and held in that position approximately 
four seconds before the circuit is armed. Rotating the arm/fire switch charges 
thP. firing capacitor �nd generate s a thumper arm signal which is app'Jied to the 
ASE dati'\ handling func tion. After arming, the thumper is fired by depres sing the 
arm/fire switch, discharging the capacitor and firing th.: selected ASI. The in­
stant of initiation is monitored by the pre b surc  force momcnhrHy closing a pre s ­
sure switch o n  th e  initiator mounting plate. Closing the pr�' r. stu-e switch generate s 
a signal to the real tirne event logic for application to the A�E data "handling func­
tion. The real time event logic e stablishes the event identifkation for the fele­
metry format. 
Initiatinn of the ASI c reates compre s sional waves in t'lt<" lunar surface and nea r ­
sudace mate:dals. Detection, proc essing, and analysi s  of these wa-vef! generated 
wi.th a known for c e  at  known distance s  and time s w ill permit determination of  the 
phy sical prop� r tie s of the l110ar material. 

After c ompletion of the thump\ng proc� s s .  the as · r :.:;.taut will return to the ' morta.r 
package. The a ctronaut will remov:· a safety piil assembly e&.nd open tWo shorting 
(iafe/arm) cwitche e .  The mortar package will r o}main. in this c onfigul'ation until 

2- l b8 

0 



� 
� 

- - ----
-------------............ ��'"".,......,.- .. ...,.,--·-·---.., -J- - - ..,..-,. ,..,.., ,. �� ·..._.., .,. ,"'ff--•;-••7- · � """' ' ' '� .. r'��-f ...,._"l. -'' 

. . t« -.,' Ii' t  n:t(tr'lilo iion·z· s  ri' % 'h J#jj'lt 'llo 'n1¥'IIi'*ol-rtM7 ··t :IMOMUq'+liJI' 1etill1>•�� ..:-...:."""ioiii'I<W,>o· --•-.-..,.._....., ___ ,,,.,, • 
..,;,: .. .,. ",..� •,.,.. •••'* a JI:  _. -

"' 
I -0\ >D 

0 

< 
: 

FROM 
POWER 
FUNCTION 

/ + 1 5V 

�---

.. • 

. . .:J INCLINOMETER 
r 
I 

' rv ' . · 30 MHZ I 
' 

· · "IN FLIGHT" I 
-

· SIGNAL 1 
• I t 0 . . 

I 
ROCKET- I 
LAUNCHED � AS! I 

I THUMPER I � INITI ATION 
INSTANT 

.. -

GLA SITING 
ANGLE, ROLL -'-

GLA SITING 
ANG LE, PITCH 

THUMPER AR.�ED 
. 

· GRENADE ' . INITIATION ! 
. ' I REAL TIME THUMPER AND GRENADE RTE 

EVENT {RTE) 

FROM 
DATA 

SUB 
sYSTEM 

' RANGE START- I 
' STOP I 

· . ' SXC:iNALSI 
OPERATING POWER ON . -� · I 
SIGNAL � ZCJI 45° 9�1 I . .. � til l  

VJZI  ��  
GRENADE 
AND 
LAUNCH TUBE 
ASSEMBLY 

FIRE 

LOGIC 

t 
GLA 
TEMPERATURE 
DATA OUTPUT 
MODE 
SELECTION 

�It�lr FIRE·. COMMAND I GRENADE 
(GLA) MP I\ ELECTRONICS �RENADE GATIN..r · � COMMANDS TEMPERATURE DATA 

COMMANDS ___, 

LTA TEMPERATURE DATA 

r-- I ARM GREtl_!dES
.
) 

GLA J TEMPERATURE D/,TA 

MPA ELECTRONICS 
(MOR TAR BOX) 
TEMPERATU RE DATA 

ARM GRENADE COMMANDS 

• ·HSV 
FROM 
POWER 
FUNCTIO 

+SV 
!..EQUENCE GRENADE G LA 

ARMING ARMING + Z4V HEATER THERMAL 
POWER CIRCUIT S TANDARD ARMING +24V CONTROL 

Figure 2 -77 •. ASE Sei�mic Signal Generation Function, Block Diag ram 

. 0 

TO DATA 
HANDLING 
FUNCTION 

ANALOG 
S TATUS 
nATA 
ro DATA 
SUBSYSTEM 

> 
� 
M 
"0 
I 
� 
>-3 I 0 \.1..) 

t 
·, < 

i. t i ..... I I \ 
� • 
l 

l ! 



' 
! 
l 

! I 

I 

ALSEP- MT-03 -. 

activated by com mands from Earth. While the expe riment is not activated, the c· mortar package electronic s ,  GLA, and geophone tempe rature s  are monitored and 
appl ie d as analog s ignal s to the central data s ubsystem for telemete ring to Earth, 
When the ASE is activated, the se tempe rature s ignals are included with the data 
proc e s sed  by the data handling function of the ASE. Thermal control of the mortar 
package a s sembly is  e ffect·. -i. through multilayer aluminized mylar insulation and 
two temperature senso r s  operating in conjunction ·.-,ith a small heater .  

The mortar package i s  activate d  by the "arm grenade s "  and "fire grenade s "  c om ­
mands from Ear th. The arm grenade s  command is  applied to and gated through 
the command gating to the grena rle arming circuit which charg e s  the regular and 
sequential firing capac itors of the four grenade s hy applying a 24 -volt arming sig ­
nal . A g renade arm puls e  is also applied to the data handl ing function indicating 
receipt of the command. After arming, a fire grenade command for each of the 
grenade s i s  applied to the command gating and gated to the appropriate firing cir ­
c uit causing the firing capacitor to discharge and ignite the g renade propellant 
through a single bridgewire Apollo standard initiator (SBASI). As the grenade 
l eave s the launch tube, a safe slide is s pring ejected which permits a microswitch 
in the grenade to close, discharging a capacitor across a thermoelectric match 
which activat� s the thermal battery. The thermal battery, when activated, pro­
vides internal grenade power to drive the transmitter and to charge the detonator 
storage capacitor s .  The fir st of the two range line breakwires is broken when the 
grenade is launched, initiating the range gate pulse  to the real time event logic . 
Rocket propellant in the grenade is  exhausted before the grt:nade exits the tube. 
When the grenade is 25 -feet into trajectory, the second range line breakwire is 
broken terminating the rar,ge gate pulse to the real time event logic and providing 
time/distance data for subsequent determination of grenade velocity. The grenade 
transmitte r ,  activated at launch, and utilizing the grenade range line as an an­
tenna, transmits until de stroyed upon grenade impact. An omnidirectional impact 
switch in the grenade allows the detonator capacitor to discharge, firing a detona­
tor to set off the grenade high explc1sive on grenade impact. The ·30 MHz signal 
from the transmitter is  rec:eived by the antenna mounted on the mortar box and 
conducted by �c>axial cable to ·the receiver in the central station electronic s .  The 
received signal is applied through a level detector to the real time event logic for 
application to the data handling function. The grenade h·ansmitter signal provides 
an indication of time of flight and detonation instant providing an indication of 
range thus enhancing the confidence factor of the range calcula.tions c\erived from 
the angle of launch and grenade velocity data gene rated from the inclinometer and 
the range line breakwires.  

The regular firing order for the grenades wUl be grenade 1/2 (3000 feet), grenade 
#4 (500 feet), grenade #13 ( 1 000 feet) and grenade N 1 (5000 feet) . The order was 
selected to provide optimum mortar package firing stability. A redundant arming 
and firing circ.uit is provided for sequential firing in the event of failure of one 
or all of the regular firing circuits.  This circuit, deaignat�d sequential, is armed 
by the normal arm grenades command. A eerie·s of ir,terlocking switches connect 
the sequential firing circuit to the grenade firing c ircuits as the grenades are 
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launched. Initially, the sequential fire command is applied to gr�nade numbe r  two. 
When grenade numbe r two is launched, it closes  a switch to complete the firing 
c irc uit to grenade numbe r  four ,  and from number four to numbe r  three and then to 
num'ber one. Howeve r ,  a separate arming c ommand and a separate fir ing com ­
mand ar e required to fire each grenade.  If individual firing circuits are intact, 
indiv idual firing commands may be applied and the sequential switching w ill pro ­
vide redundancy. 

The seismic ene rgy generated by the initiation of the thumper ASI ' s  and the gre­
nade s are transmitted by c ompre s sional wav e s  through the lunar material for de ­
tection by the geophones of the seismic signal detection function of the ASE. 

Z - 1 69.  ASE Seismic Signal Detection. The active seismic experim ent _i s  de s igned 
to monitor s eismic waves  in the 3Hz to 250 H z  range . Three electromagnetic geo ­
phone s·, three logarithmic compre s sion amplifiers and the inter connecting cabling 
constitute the major elements  of the seismic detection system (Figure 2-78 ) .  The 
detection function is applicable to the three operating mode s of the ASE; the thum ­
per mode,  the grenade m ode, and the pas sive  listening m ode . The geophone s can 
be excited mechanically by natural or a rtificial seismic waves or electrically by a 
gcophone calibrate command. 
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Figure 2 -78. ASE Seismic Signal Detection Function, Block Diagram 

Induced or natural seismic activity creating motion in the lunar surface or sub sur ­
face material will be sensed b7 the three geophone s causing an electrical signal to 
be generated from the geophones to the respective amplifiers in the central station 
electronics .  The low noiee logarithmic compression amplifiers amplify the signal 
and apply the outputs _ to the multiplexer and analog -to-digital converter of the data 
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handling function. As  the seismic system re sponse may change during the ex- C tended storage (one year) in the temperatur e  extrem e s  of the lunar environment, a ..,.; 
pulse type calibrator is  included with the amplifier s  to provide a relative calibra-
tion system . The c alibration system is  activated by a geophone calibrate com -
mand applied to the command gating from the central data sub system. The eali-
brate command is  gated to the calibration c ircuitry where it is developed into a 
one second wide puls e  and a pplied to the calibrate driver ,  electrically exc iting the 
geophones .  A geophone calibrate pulse i s  als o  applied to the data handl ing syste m  
{rom the calibrate driver Utdicating receipt o f  the calibrate command. Excitation 
of the geophones permits measurement of the geophones resonant frequency, gen-
erator constant, and damping c oefficient r elative to the preflight calibration. 

A tem pe rature sensor i s  mounted in the g eophone closest to the centra l station. 
The output of this temperature s ensor is c onnected directly to the A LSEP central 
station data proc e s sor and is c onstantly monitor e d  except when the ASE i s  acti­
vated which is for -relatively brief periods of time . 

2 - 1 70 .  ASE Tiroing and Control. The timing and control c ircuitry is basically 
digital logic which

-
< operates the ASE through use of· a 10. 6 KHz clock signal in c on­

junct ion with seven commands received from Earth {l<�igur e  ?. -79). The data rate 
o£ the active seismic logic is 10, 600 bits per second. · The basic timing i s  obtained 
(rom the 1 0 .  6 KHz s quare wave received from the central data proc e s sor.  The 
mod 5 ,  mod 4, and mod 3 2  sequence counter s  are used to e stablish the data frame 
format. The shift r egister multiplexing logic selects the data to be loaded into the 
shift registe r  through analog -to-digital converte r ,  frame , holding, and c ontrol 
ga tes .  A start pulse i s  applied to the analog -to-digital c onve rter and multiplexer 
of the data handling function from the decC�de r  of the timing and control function. 
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Figure Z -79. ASE Timing and Control Function, Block Diag ram 
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W hen a real time event occurs, the r eal time event logic in conjunction with the 
sequence countel' s  and the holding register provide a mark event s ignal indicating 
that a real time event occurred in the prior telemetry frame. The word in which 

.the event occurred and the bit of r eal time oc currence arc;: also identified. The se 
indicCt.tions will appear in active seismic words 29, 30, and 3 1  of the telemetry 
!rame. • · 

l - 1 1 1 .  ASE Data Handling Function, Data handling and processing is  accom .. .  
pl ished through application of 1 6  channel s o£ analog voltage s  to the multiplexer and 
a na log -to-digital c onverter .  Figure Z -80 illustrate s the ASE data handling function. 
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ARM GRENADES 

!!:EAL TIME EVENTS 

ARM THUMPER 
' 

Figure 2 -80. ASE Data Handling Function Block Diagram 

32 WORIJ:. 

TO DATA 
SUBSYS'J' I· " 

Three analog channels are used for geophone outputs, two for GLA angle outputs,  
three for calibration, three fo� ASE temperature and power measurements and the 
other five for ALSEP electrical power s ubsystem temperature and power measure -

.ments.  The analog signals are multiplexed, converted to digital signals,  and for ­
matted for shifting to the central data subsystem and downlink transmission. Sub­
word, wotd, and frame signals are derived from the sequence counters  through the 
decoder of the timing and control function. 

The ASE data for.mat comprises 3 Z  twenty-bit words per frame with each word 
consisting of fo'ur five-bit subwords. Geophone s two and - three are sampled and 
read out in ev,)ry word of the frame. Geophone one is sampled and read out in all 
but the first word, In the fir st word  geophone one i s  sampled and stored, then 
read out in the first subword of the second word of each frame. The fir st two sub­
words of word  number. one C ')mprise a 10-bit frame synchronizing signal. The 
first three bits of subword one of word 3 Z  provide a mode identification signal . 
Data measured and word- subword assignments are listed in Table 2-24. 

The bin::;.ry signal s  from the multiplexer converter are applied to thb shift register 
multiplexer gate s which are controlled by the shift register multiplexing logic . A 
storage buffer is provided between the converter multiplexer and the shift register 
multiplexer gate s. The ASE data is  shifted out in the 32-word telemetry_ frame 
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Table 2- 24. ASE Mea sure ments 

lymbol l..ocaUon/Name channel Ranse 

Whl'r. the Activf' Sl'hmtc it not opera tina the (ollowinl mea•unmcnh are provided 

AS- I 

... s. z 
"5· 1 
.AS-4 

DS - 1 7  

DS· I 
DS·I 

Ill!· I 

Aa·4 

,U.f 

CJI.I 
1)1.6 
1)1.' 
A$. )  
DS·I 

CS. II 
CS. IO 
AS- I  
At-) 
.U:-4 
Aa·l 
DS·II 
ns- •• 
CS.IO 
llli· U  

thl'nush the 90- channd multiJde•u o (  the O. t&  S/5. 

Ad,ve Seitmlc Tem2erat1.aret 'From Tabl• IJ 

Central Station Packar• Temp. 

Mort.. r Do c  Temp. 

Orenade t..uacher A .. embly Temp. 

Geophone Temp 

Active Setamtc Meuuremeat• 

Frame Spc 

Goophoee U Data 

GeophDDe I J  Data 

Geophoeo l l  Dal• 

• l'I'G Cold Frame Temp. I I  

A•t lloplator U Cvroal 

tSY To\-olrJ 

Pllcll Anll• 

loll AAtl• 

l9 

44 

ss 
7) 

A/S Wo..t S..b-..t 

<». l, l 

All 
All 4 

z lh,..., .. u z 
c»,,4 I 

1. 6 I 
'· ' t, IO 

II,  II 

Ol'nad• Wucher Auemltly Temp.. 11, 14 
Goopboao Call�r•la Plaloe 15, 16 
A/D C.llhollon I. 1SY n. 11 
AID C.ll\rolioa I, UY lt, IO ·I 

C.alral StoHoa Poclulae T-p. U, IZ II 
eo.ventr ... ,.. Yolta1• n. z4 ' I  

..... c.,, ••• n.a6 I 

l'I'G Hot FrUI'Io Temp. I I  �,. 
Nark E ... t (),, 
Wo..t C:O.t G\o 
Enai Blt c:-t �. 
Modo lD  .,, 

C!) lA lila llrol 10 •••• of lho ...... 

. 40°C to + I00°C 

.. 7S°C t01 + 100°C 

.. 's.0c tc .. too0c 
·1:''l°C to • U0°C 

N/A 

400° F to  6od'r 
l to J. f A DC  

O to i. I YDC  
A IO. 
uo• 

.n•c eo +too•c 

O to +SY 

1. 1 .. 4. 0 YDC 
I. Oto I. S VDC 

• .o•c to + aoo•c 

I to  20 VDC 

I to  S A DC  tso•r ..; usd'r 
N/A 
N/A 
N/A 
N/A 

Sen tot 
Accuracy 

* JoC 
It )oC 

• 1°C 

* l°C 

N/A 

•s•r 
u• 
60. 1 .. 
*'·'" 
*'· '" 
• s•c 

A I  .. 

oo. s  .. 
.. ... 
,. ,-c 

u .. 
u .. 
• ••r 

N/A 
N/A 
N/A 
N/A 

Bllo/ 
Sample 

• 

10 
s 
f 

s 
• 

• 
• 
• 
• 
• 
• 

• 
• 
s 
• 
• 

� 1'hl Rnt fo\&t bttt ol the meaa"r•m•at art catrlH Ia tlat ftrlt lour Wtl ef tM o441 .. ,.. Tlla .... ,.., •••• • , lhA 
mtalurtmtal •re urrltd Ia the llrlt f!Mir blt1 of da• even word. .. ..... ca10 tho laol (or Rllhl ••• ol oacll o•\o 
word I• ep&rt. 

Q) Mal'k codt whea Real TIMe �eat occ•r• ftrlat; pl'lor frame (frame • SJ, .. ,. • .. ••ce) 

8) Naa•vr .. word Ut. ,rlor frame �rta1 which Jlu.l Tbne EveDt occ•rre•. 

G) Maunu WI .,.,.., wlal&h Ileal Time Eveat .... ,. .. Ia a._.o .,.,.. Ia prior frame. 

f) .. lhA llrol I \Ito of liM .... .,.,.. • eiiMr l "'" Ml ..... 

c. 

Sampt .. / 
S« 

. DIU 

. D IU 

. D I U  

. OilS 

16. S6 
no 
SJO 

,,. 
SID, 

16. 16 
16. 56 
16. 16 
16. 16 
16. 56 
16. 56 
16. 16 
16. 56 
16. 56 

... .. 

. .. .. 
••• 56 
16. 56 

N/A 
N/A 
N/A 

... .. 

., 

. C  
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format to  the bi -phase m odulator o£  the data sub system for m odulation and down ­
link transmi s sion. 

The analog -to -digital c onverter calibration circ uit provide s a two-point check on 
the multiplexer converter by monitoring r e sultant output of applying the 1 .  75 vdc 

· and 3 .  75 v dc input voltage s .  

2- 1 72 .  ASE Power Control Fu nction .  Opera ting and standby ( survival ) power is 
supplied from the power distr ibt, tion unit (PD U )  to the ASE at +5, + 1 5, - 1 2, and 
+29 vdc ( Figur e 2- 8 1 ) . Current l imite r s  in power cir cuits prevent over -voltage 
fro m  damag ing the ASE compone nts and conver sely the ASE from overloading the 
PDU in the event of malfunctions . In the .ALSEP data subsystem the +2 9 vdc line 
is prevented from carr ying current greater than 500  ± 5 0  mill iampere s by a cur ­
r ent  sensor that cause s the 29-volt power to be switched from the opera tional 
power bus to the s tandby power line whenever the cur r ent  exceeds this value for 
mor e  than 0 .  5 millisecond .  The + 1 5  volt l ine , the +5 vol t  l ine , and the - 1 2 volt 
l ine are l imited to 1 50, 500 and 1 50 milliampere s  r espectively in the ASE power 
control circuitr y .  

FROM DATA 
SUBSYSTEM 

+29V 
OPERATING POWER +29V (OPERATING) 

-

+29V STANDBY POWER .- +29V (STANDBY) 

_.,. RELAY 
DRIVER 

R ESET 

RELAY RESET 
POWER SIGNAL 

+ lSV + lSV 

+SV RELAY CURRENT +SV 
POWER LIMITER · 1 2V - 1 2V SWITCH 

POWER 
INTERR UP'l' SIGNAL 

Figure 2 -8 1 .  ASE Power Control Function, Block Diagram 

Z - 1 7 3 .  SAFETY :FEATURES 

TO ASE 
FUNCTIONS 

I Both the thumper and mortar package assemblies contain ordnance devices and, 
therefore, safety has been a major consideration in the designs. A discus si\n of 
the electrical and mechanical safety features of each and their use on the lunar 
surface is given in detail below. 

� v 

Z - 1 74. Thumper -Oeophone Auembly. The thumper contains Z l  Apollo Stan­
dard Initiator s (ASI 1s).  The ASI1a  are rated at one ampere "no firct ' '  and three 
ampere "all fire "• The ASI, a a a component, will senerate a pre aaure of 

, 1 , . 
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approximately 650 psi in a 1 0  cc  volum e .  In the thumper ,  the ASI' s  are dischar ged 
directty against a spring loaded impact plate . With the thwnper held upright for 
fir ing operation, with the impact plate against  a surfac e, the ASI mounting plate 
c onfine s the AS! discharge pre s sure primarily to· the "chamber"  between the 
mounting plate and the impact plate to deflect any e s caping debris downward. 

The thumper is de signed so that all ASI 's  are internally shorted by the ASI rot.ar y  
selector switch when the s elector switch is  i n  the 1 10 "  position. In any other posi­
tion ( 1 through 2 1 ) one ASI is connected to the firing cir cuitry and the r emaining 
20 ASI 's  remain shorte d out. Rotating this switch from 1 10 1 1  will noL in itself fire 
an ASI even with power applied. A definite two step firing operation with a time. 
delay is require d  to arm and fire an ASI. After the ASI selector switch i s  rotated 
from the "0 " pos ition to a numbered position to s elect an ASI, the thumper is 
armed by rotating the ARM/ FIRE knob approximately 90° and holding for a mini ­
mum of four seconds . The s elected ASI is  fire d  by pre s sing the same switch in, 
which applies a capacitor charge acro s s  tht: ASI. Should for any reapon the firing 
sequence be stopped after the thumper is armed, the releas e d  ARM/ FIRE control 
returns to its normal unactivated po·sition which automatically discharge s  the 
arming capacitor s  in a matter of milliseconds . . . 
Thf(' ARM/ FIRE control is designed s o  that the firing switch cannot be actuated un-
til after the arming switch is activated. This switch is  also de signed to provide a 
l ow impedance acro s s  the firing capacitor s in the normal position to prevent the 
capacitor s from ·_>icking up a static charge and to discharge the capacitors  if they 
are charged but have not fired through an ASI. 

The end of each ASI mounted i.1 the base  of the thumper is c overed wit.h a coating 
of silicone rubber to protect the initiator from the pres sure and debris  from ad­
j acent initiator !iring s which other;wis e  might cause pos s ible s ympathetic deflagra­
t�oo. Extensive test firings have demonstrated the a dequacy oi this de sign. 

Z - 1 7 5 .  Mortar Package As s embly. The mortar package consists primarily of a 
mortar box anq � GLA. The mortar box is c ompletely inert and contains no ord­
nance device s .  The four grenade s  in the GLA contain all the ordnance device s  in 
the mortar pa ckage as sembly. Each g renade contains a SBASI to ignite the rocket 
motor, up to 45 gram s of propellant, a thermal battery c ontaining an enclosed 
the rmoelectr'ic n�atch for ignition, a detonator a s s e mbly including a second SBASl 
and 0 .  1 ,  o.  3, 0 .  6 and 1 .  0 pound of hexanitrostilbene (HNS) type explosive for the 
114, 1# 3 ,  #2 and I# 1 grenade s  respectively. 

As note d the grenade s in the GLA contain all the ordnanc e device s in the mortar 
package. For safety purposes,  the OLA and Morta.r Box are never functionally 
te sted together,  but are c ompletely checkt�d out separately and mated only just 
prior to flight. F_'or handling an� storage purposeF.;,  the G� is providt"d with 
safety release 'pins which mechanically secure  the grena des  in the launch tubes.  
When the GLA is installed in the mortar box, to make up the mortar package as­
sembly, a 11afety rcleas 'J  a ssembly is used to pe rforrrJ the same function and is 
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only remov�.-\ by the astronaut prior to leaving the lunar surfac e .  Thus ,  the gre ­
na de s are mechanically locked in the launch tube s at all time s during earth/lunar 
operations ,  

Except for te st,  all connectors on the GLA are  stored with shor ting connector s  
acro ss  them . The G LA is completely functi:::mally tested with special te &t points 
on the bottom of each grenade .  In the te st configur·1tion the high C":!)los ive SBASI ' s  
are not connected t o  the grenade firing circuit s and are shorted om. �y special ted 
connector s inserted in the bottom of each grenade.  Just prior to fh�ht the se con ­
nectors are removed and flight connector s are installed which connect the SBASI' s  
to the firing c irc uit leads. 

Two SA.FE/ Al"\M switches on the mortar 
·
package are used to assure a safe mortar 

package a s sembly while the astronaut is pre sent on the lunar surface. One switch 
opens the arming circuit between the ASE central electronic and the mo:rtar 
package, and shorts out the rocket motor firing capacitors.  The second switch -­

disconnect s  the rocket motor SBASI's from the firing circuits and provide s a short 
circuit acro s s  them .• . . .  
A safe slide in each grenade provides a mechanical block between the detonator 
and the HNS explosive. The safe slide is held in place at all time s when the gre ­
nade i s  in the launch tube and i s  spring ejecte d  a t  launch. Thus, while the safe 
slide is in place, inadvertent detonator ignition will not set off the high explosive 
charge. In addition, the safe slide �aintains a microswitch in a position which 

�prevents the thermal .battery output from the high explosive firing circuitry, and 
provide s a low impedance to t�e firing capacitor s  to prevent a static charge from 
charging thes e  capacitor s .  To  insure that the safe slide as semblies  are installed 
each GLA is furnished with X-ray pictures which verify that the safe slide plate s 
were installed when the grenades were installed in the GLA. 

The thermal battery in each grenade contains a thermoelectric match which has a 
"no fire " rating of 0 ,  75  ampere s for 1 0  m sec and an "all fire 1 1  of 2. 0 amperes for 
1 0  m sec. The battery can only be activated after the grenade leave s the launch 
tube and must be activated to provide power tr charge the grenade high explosive 
firing capacitors and operate the as soc iated SCR firing circuitry. If the thermal 
battery is inadvertently activated and the safe slide plate is in place it will dis ­
charge acros s a short circuit in a short time (le s s  than 1 0  m inutes).  

'l'he high explosive firing capacitors are charged through a c urrent limiting r� ­
sietor which prevents the capacitors from being sufficiently charged to fire the 
SBASls until the grenade s  are safely down range after they ar., launched. After the 
thermal battery is activated, it requires approximately eight seconds for the ca­
pacitor to charge sufficientlr to permit a voltage sufficient to switch on the SCR in 
the firing c ircuitry. 

l- 177 
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The HNS explosive was e s pecially s elected for it s stability propertie s ,  It cannot (), .  be set  off by impact. It i s  extrem ely stable in even a high tempe rature environ - -
m ent, Auto ignition can only occur b temperature s above 450° centigrade . 

The m ortar package is de signed to be a RFI shield completely enclosing the GLA 
and gr ena de . This is pr imar ily pr ovide d by the m ultilayer alumini zed mylar the r ­
mal bag and c,we r .  The firing circ uits are de signed with low pa s s  input filte r s .  
A pul se of g reater than thr ee milliBeconds i s  required to trigger the s e  circuits.  
In a ddition, all firing capacitor s and SBASI' s have r e sistor s connected acro s s  them 
to reduc e the effects of electrostatic charge . 

The rocket motor and HNS explosive train ignitors are one amp no fire device s  and 
have been e .specially de signed by NASA for high reliability and optimum safety in 
ordnance device s .  

Power i s  required to  operate the ASE, to arm, and to fire the grenades. At no 
time while the mortar package is being handled is operational power applied to the 
mortar· pc:.ckage through the ASE central electronic s.  Operational power to the 
ASE is S'·  ?.tched off by the ALSEP astronaut switch which prevents application of 

I 
operati..>nal i'OWer even if l command is inadvertently sent from MSFN to turn the 
power on. 
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Z - 1 7 6 .  HEAT F LOW EXPERIMENT (HFI:) SUBSYSTEM 

The heat flow experiment (HF£) mea sure s the temperature gradient and the the r ­
mal conductivity in the near surface layers .of the moon. From these mea sur e ­
ments th e  lunar heat flow can be  calculated. The mea surements obtained from 
the experiment enable the average value as  well as  the direction of the net heat 
flux to be determined. The knowledge of the luna r heat flux will provide addi­
tional information on: 

a. A comparison of the radioactive content of the Moon' s  interior and the 
Earth 1 s mantle. 

b. A C .. ermal history of the Moon 
c .  A lunar temperature ver sus depth prc•!J.le 
d. The value of thermal parameters  in the fir .Jt  three  meters of the moon 1 s 

c rust. 

When compared with seismic measurements, data from the HFE experiment will 
provide information on the composition and physical state of tlte Moon' s i.1�erior. 

The HFE is deployed with the two sensor proble s emplant�d in the luna:' surface 
in three-meter boreholes .  ThesE• holes are drilled by the astronaut with the 
Apollo lunar surface ti.rill (A LSI'l).  (Refer to Section IV for a description of H:F'r. 
deployment. ) The two probes are connected by two multiple- lead cable s f:o the 
HFE electronic s package which is deployed separately from the ALSEP centrt>.l 
station. 

Ten Earth commands control the operation of the HFE. The HFB responds to th9 
data subsystem with scientific datums and six engineering status datums .  One 
word of the first 1 6 frames of each 90-frame ALSEP telemetry cycle is used to 
transmit the HFE scientific dat'\lms downlink to Earth. The HF E engineering 
statu-s datums are subcommutated with other ALSEP engineering and h.JUI:iekeeping 
datums in word 33 of the ALSEP telemetry frame. Refer to the Command List, 
AppendiX A. and the Measurement Requirements, Appendix B, for command and 
data definition. 

Z - 1 7 7 .  HFE PHYSICAL DESC}UPTION 

The major components of the HFE a!"� two sensor probes and an electronic s pack­
age as shown in Figure z .. az. The probes are epoxy-fiberglas s tubular structures 
which support �nd house te�pe�ature s ens�n.· s, he aters , and the as soc iated elec ­
trical wiring. Each probe has two sections, each 5 5 em long, spaced Z em apart 
and mechanically CO'Illlected by a' flexible spring. The tlexible spring allow s the 
probe a s s e mbly to be bent into a U - shape to fac ilitate packing , stowage, and 
carrying. 

There is a gradient heat s en1or 1ur rounded by a heater coil at each end of each 
probe section. Each o£ these two gradient sensor • conliata of two resistance 

. . . 2- 179 . 
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Figure  Z- 8Z.  Heat .now Fxperiment (HFE) Subsystem 
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e lements .  The se  four re sistance elements are conne.:t<'•l i , ,  1 •  _ 1 , ,, ,, ... . .  ' • ) \... ·' ( ' f . .. l ci:.-cuit, Ring sensor s are located 1 0  e m  from each end of . "" Ia l • '  . _ , , ,. !l (· c t . ·  :, · ' 
Each of the s e  two ring sensor s has two re sistanc e elemenb; .  TJ-. ,. , ,. fou r r .  , !·, .  
tancc elements are connected into an e lectrical bridge circuit. F c  .. u r  th e r mo� 
coupJes are located in the cable of each probe. 

The he&.t flow electronic s package contains s ix printed circuit boards which m o ' : �·- � 

the e lectronic circuits of the experiment. An external cable reel houses  th(' H F  i .  
c entral station cable and facilitate s deployment. A sunshield the rmally protec t !;  
th e  electron, c s package from externally gene rated heat. Two r eflector s built i nt o  
the open enus of this sunshield aid in the radiation of internally gene rated heat 
that oL'lerwis e might be entrapped under the sunshield. The electronic s package 
i s  thermally protected �y multilayer insulation and thermal c ontrol paint. The 
leading particular s of the HFE are list�d in Table 2-25.  

Table 2 - 25 .  HFE Leading Particulars 

Characteristic 

Size of probes  {both packaged 
for flight) in inche s 

Size of electronics units in inc�4ef!  

Weight of probes {both packaged 
for flight) in pounds i . 
Weight of electronic s unit in 
pounds 

Power Requirements 

Mode 1 

Mode 2 

Mode 3 

2.-178 .  HFE FUNCTIONAL DESCRIPTION 

Value 

25,  5 X 4. 5 X 3.  5 

1 3  X 9 X 8 

3. 50 

6 . 20 

6 .  0 watts (day) 
9. 5 watts {night) 

1 1 . 0 watts (day or night) 

9. 0 watts (day only) 

The operation of the HFE electronic s instrumentation when measuring the lunar 
material temperatures may be cla s s ified into six functions as shown in Fig-
ure 2 - 8 3 .  The se  functions are command proc e s sing, timing and control, temper ­
ature measurement, conductivity heater, data handling, and power and electronic s 
thermal control. 

2.- 1 8 1  
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CONDUCTIVITY � TEMPERAnJRE 
tiATER ....... � MEASUREMENT � DATA HANDLING D IGITAL DfTA 

RJNCTION � FUNCTION 
FUNCTION 
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WNAR 

SOIL 

TIMING ANl' 

CONTROL 

FUNCTION t 
COMMAND J PROCESSING MMOOM!A I FUNCTION POWER AND 

I El£CTRONICS 

ALSEP TIMING lr CONTROL SIGNALS llERtML COOROL 

ALSEP HfE COMMANDS CI-CIO 
FUNCTION 

ALSEP Z9v POWER J 
ALSEP SURVIVAL POWER LINE 

Figure 2-�.3.  Heat Flow Experiment, Functional Block Diagram 

DATA 

SUBSYSTEM 

DATA 

SUBSYSTEM 

The command processing function receives 1 0  different Earth commands (listed 
in Table 2-26 )  and translates thes e  c ommands to allow ground control of the 
various optional operations of the HFE. 

The timing and control function receive s basic ALSEP timing signal inputs from 
the central station and trans lated command s ele�t signals from command proc e s s ­
ing and distributes logic contrt>l signals to all other major funcf:ions. The timing 
and c ontrol function actively sequences  the operation of the HFE through measure­
ment routines in ac cordance with signals received from command processing. 

The temperature measurement function receives sencor excitation signals from 
timing and control and provides analog temperature mea surement -<Jata to the data 
handling function. The c onductivity heater function receive s heater sel'!ct stepping 
signals for discrete operation c_)f all eight heaters and generates the drive current 
neces sary to energize the lun&r s oil with a predetermined . amount of heat. 

The data handling function converts th·e analog measurement science data to digital 
·data. In addiUon, it receives mode, sequence, sub• equence, and heater status 
data. It formats and supplie s this data to the data sube.ystem in response to the 
data demand and data shift pubes for insertion in the ALSl!;P telemetry data 
stream. ;.  
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The power and electronic s thermal control function distributes  supply voltages to 
all functions and maintains the proper operating temperature for the HFE elec -
tronic s package. 

· 

2-179.  HFE DETAILED FUNCTIONAL DESCRIPTION 
' 

2- 1 80. HFE Command Proces sing Function. The command proces sing function 
block diagram is shown in figure 2-84 and consists of the input buffer, mode 
select register, measurement � elect register, probe select register, and the 
heater and remote br:dge sen_sor (ring sensors )  select register. Command pro­
cessing includes the reception of Earth commands, command decoding, and sub­
sequent generation of mode control signals that establish the logic routines for 
heater, probe, measurement, and mode operations. 

The input buffer accepts and stores all ten Earth commands (C l through CIO, 
table 2- 26 ).  They are gated to appropriate inputs of the respective select regis ­
ters by the 90 FM. 

Command Number 
Symbol Octal 

CH- 1 1 3 5  

CH-2 1 36 

CH-3 140 

CH-4 141 

CH-5 142 

CH-6 1 43 

CH-7 144 

CH- 8 145 

CH-9 146 

CH- 1 0  1 52 

Table 2-26. HFE Command List 

' 

Command Nomenclature 

. 1 I Normal (Grad1ent) Mode Select (HFE MODS G SE L) 

Low Conductivity Mode Select (Ring Source )  
(HFE MODE/LK SE L) 

High Conductivity Mode Select (Heat Pu.lse)  
(HFE MODE/HK SE L) 

HF Full Sequence Select
1 

(HFE SEQ/FU L SE L) 

HF Probe Ill Sequence Select (HFE SEO/Pl SE L) 

HF Probe 111. Sequence Select (HFE SEQ/P2 SE L) 

1. 
HF Subsequence #1 (HFE LOAD 1 )  

-

1. 
HF Subsequence 1#1. (HFE LOAD 2) 

HF Subsequence 1#3
2 

(HFE LOAD 3) 

HF Heater Advance (HFE HTR STEPS) 
(Steps through following 1 6 . ate? sequence, one step 
per command) 

•, .. , 
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90TH FRAME MARK PULSE 

JA DA 

su BSYSTEM 

� 
Cl MODE 1 SELECT 

C2 
MODE 

MODE 2 SELECT 
SELECT 

C3 REGISTER MODE 3 SELECT 

I 
N H IGH SENS ITIVITY TEMP CHANGE WSURE 3ELECT 

COMMANDS Cl p 
C7 • IDW SENSITIVITY TEMP CIIANGE MrASURE SELECT 

THROUGH ClO u. MEASURENiNT 
T cs SELECT AVERAGE TEMPERATURE MEASUREMf.NT 

C9_,. REGISTER THERMOCOUPLE MEASUREMENT SELECT 
B 

C4 SELECT ALL MEASUREMENTS IN SEQUENCE 
u 

F 

F 

E 4 SELECT BOTH PROBES IN SEQUENCE 
PROBE 

R C5 SELECT PROBE 1 SELECT 

C6 REGISTER PROBE 2 SELECT 

CIO HEATER HEATER SELECT STEPPING SIGNAL 
·- SELECT AND 

C3 
REMOTE BRIDGE 

SENSOR IRING r,fNSORSI REMOTE BRIDGE SELECT 

SELECT REG ISlER - -- : 

Figure 2 -84. HFE Command Process ing �unction,· Block Diagram 

TIMING 

AND 

CONTROL 

FUNCTION 

The mode select register · receives •  commands C l  through C3 and operate s as  a 
mutually exclusive logic circuit providing only one· sfgnal output for one command 
input. The output of the mode select regis�er places  the l!FE in one of three basic 
modes of operation for performing temperature measurements . The notation as- " 
signed to these three basic modes a·re  mode 1 (normal, or gradient mode), mode 2

. 

(low conductivity mode ), and _ mode 3 (high c�nduct�vity mode), 
' . .  ' 

0 . 
, 

Operation of the HFE in performing measurements in mode;s 1 and 2 are identical; 
but in mode 2, the probe heate.l' constant cur.n:nt supply is turned on and any one 
'of the four heaterR  on either probe can b� select�d by command 1 0  to measure 
lunar material heat conductivity. . ' . . ' . · . . 

� . . . . 
.. 

.Operation of the HFE in performi�g meci'suren1erits' iri. mode' 3 is  controlled by the 
heater select and remote bridge sensor (ring sensor.s ) select register • .  Mode 3 
operation utilizes the 'ring sensors in conjunction 'with the heaters.  Mode 2 opPra­
tion utilizes  the gradient bridge sensors in conjunction with the heater s, while 
mode 1 operation utilize·s only 'the gradient bridge sensors �ith the heat�r s  tur.aed . 
. off. In addition, the HFE i-s preset to mode 1 and full mea8urement sequence em-
ploying the gradient bridge SenSOrS Up0� tu�n�on.:· . � I ' 1 . , ' . 

' • 0 • I t 
• 

'� ' • • 1 I , � • ' • , . 
. . 

The measurement select register is a logic:: eire·. · it ftle.t aea'aes v,_rioua comblna- . .  
tions of commands C4 and C7 through C9. It determine� the measurement routine 

Z - 1 84 I 
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for modes 1 and 2. In addition, the measur ement select registe r actR a s  a 

mutually exclusive circuit when s ensing c ommand 4 thus s etting up subscqu< �nt 
circuitry fo:r a full sequence of temperature mea surements as de sc ribed in 
table Z-27. 

The probe select registe r is a mutually exclusive logic circuit that allow s  the OJ,  
· . tion of selecting probe l or probe Z independent!;- during any temperatu re mea s u ,  

ment format in mode 1 o r  mode 2 .  When C4 is applied to the probe select regib . 
ter, the register will select both probe s in sequence.  

The heater select and remote bridge s ensor select register is  a mutually exclu ­
sive and conditional logic circuit that selects both the heater s  and r emote bridg<� 
sensors (ring sensor s ) .  During mode 1 the register has no effect on ope ration. 
Command Cl 0 is gated into the r�gister to allow for heater selection from ear.th. 
In mode Z the register serves as a heater select register only. hi mode 3, the 
register serves as both a heater s e�ect registe r  and remote bridge select regieter.  

2 - 1 8 1 . HFE Timing and Control Function. The timing and control function is 
shown in Figur e  2- 8 5  and c onsists of the measurement sequence programmer, 
400 KHz clock, and the measurement sequenc e decoder. Timing and control :�·e­
ceive s command and timing s ignals from the command proces sor function and data 
subsystem, respectively. If provides the ba sic timing and control required for 
acquisition of data from the s ensor s and for formatting that data through the data 
handling function. . 

· 

The measurement sequence programmer co!ltrols HI E measurement s equencing 
in modes 1 and 2 in re sponse to me·a surement s elect signals.  Sequence status is 
applied through the sequenr.� decoder to control measurements and sensor excita­
tion. The . . full sequence of measurements is listed in table 2 - 27 .  A 9 0th frame 
mark occurs once every 54. 4. sec onds .  The time required to make a complete 
cyc le of readings (full sequence )  is 7 . ·25 minutes .  In addition, the re spective 
probe selection is handled by the measurement sequence programmer during 
modes 1 or 2. · 

�e subsequence programmer,  driven by a 400 KHz clock, allow s any one of fou:r 
pos sible measurement types (Nl through N4) to be taken (see Table Z-26 ) .  It pro­
vides a data c ontrol gate and digital subsequence status data through the decoder 
to the data handling function • .  

. . 
Signals rt.�c eived from the measurement sequenc e programmer and the subs e-

quence programmer are . compared and dP.coded by the measurement sequence de­
coder and sent to the conductivity heater, 'temperature mea surement, and data 
handling functions for program c ontrol during HF E operation. 

Z - 1 82. HFE TemperatUre Measurement Function. 
'
The HFE temperature mea­

S'lrement function block diagram is shown in Figure Z-86 and cons ists of the pulse 
power supply, sens or excitation switching circuit, gradient bridge sens9r s, 

. . . ,  
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Sequential 
Order 

. 

1 
z 

-

3 

4 

5 

6 

7 

8 

' 

10 

1 1  

12 

Symbol . 

DH-01 

DH-OZ 

DH-03 

DH-C 4 

DH-05 

DH-06 

DH-07 

DH-08 

DH-09 

DH- 10 

DH- 1 1  

DH- 1Z 

.. 

Table Z-Z7.  HFE Measurements 

-� . 

Measurement and Location 

Modes 1 and 2 Sequence (Gradient ·and Low Conductivi�y) 

High Sensitivity 

Temperature difference, upper gradient bridge probe 1 ( �T l lH) 
Temperature difference, lower gradient bridge probe 1 ( �T 1 2 H) 

Temperature difference, upper gradient bridge probe 2 ( �TZ 1 H) 

Temperature difference, lower gradient bridge probe Z ( �T22H} 
Low Sensitivity 

I 
Temperature difference, upper· gradient bridge probe 1 I ( �'T' T \ I ... l i .. i I 

I 
Temperature difference, · lower gradient bridge probe 1 ( �T ! 2L) 

Temperature difference, upper gradient bridge probe Z ( .6T 2.l L) 
.Temperature difference, .lower gradient bridge probe Z , ,. .,. T \ 1 ' �  ... zz--'• 
Ambient Temperature I .  
Upper gradient bridge .probe 1 (T u> I 
Lower gradient bridge probe 1 (T 1 2) 

Upper gradient bric!ge probe 2 (T 2 1) 

Lower gradient bridge probe Z ( Tz2> 

,• 

Heater 
Status 

Off in 
:Mode 1, 
as 
s elected 
in .Mode 2 

. �  

I 
I 
I I 
: 
I I > 

� . tzl  � I 
� 
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�quential 
Order 

13 
14 

. 

15 

16 

-

� -. 
'·' ·  . .  

,' . ,  
. , _  - .. 

• 

Symbol 

DH- 13 

· DH- 14 
DH-Z4 
DH-34 
DH-44 
DH- 15 

DH- 16 
DH-Z6 
DH-36 
DH-46 

DH-SO 
DH-51 
DH-sz . 
DH- 53 
DH-60 
I>H-61 
DH-6Z 
DH-63 

-...__ _ 

,,.. ..... _____ -L,;._ ' ;:: l I , i 

• • • 

Table Z-Z7. HFE Measurements (cont) 

Mellsurements a::1d Location 

Modes 1 and 2 Sequence (Gradient and Low Conductivity) (cont) 

Thermocouple 

Thermocouple reference junction thermometer ( T  ref) 

Four thermocouples in probe 1 cable (four readings) ( T C  group 1 )  
Reference thermocouple ·- -thermocouple 4 (Ref. TC -TC 1 (4 ) )  
Thermocouple 4 - thermocouple 1 ( TC 1(4 ) - TC t ( l ) ) 
Thermocouple 4 - thermocouple l. ( TC l (4) - TC 1 (2) )  
Thermocouple 4 · thermocouple 3 (TC 1 (4) - TC 1 (3 ) )  

----
Thermocouple reference junction thermometer ('r ref) 

Four thermocouples in probe 2 cable (four readings) ( TC group 2) 
Reference thermocouple - thermocouple 4 (Ref. TC - TC2 { 4)) 
Thermocouple 4 - thermocouple 1 ( TC2 ( 4) - TCz ( 1) ) 
Thermocouple 4 - tltermocouple 2 (TCz ( 4) - TCz ( 2) )  
Thermocouple 4 - thermocouple 3 (TCz ( 4) - T C2 ( 3))  

Mode 3. (High Conductivity) 
Differential temp. probe 1 - bridge 1 
Ambient temp. probe 1 - bridge 1 
Differential temp. probe 1 ·- bridge 1 
Ambient temp. probe 1 - b1 idge 1 

Differential temp. probe 1 - bridge 2 
Ambient temp. probe 1 - bridge 2 
Differential temp. probe 1 - bridge 2 
Ambi�nt temp. probe 1 - bridge 2 

0 

Heater 
Status 

Off in 
Mode 1 
a s  
s elected 
in Mode 2 

I 

OFF 
OFF 
H 1 2  ON 
H1 2  ON 
OFF 
OFF 
H1 4  ON 
H1 4  ON 

> t"' ttl tzJ � 
I 
:: 
� 
I 0 � 

-

, 
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� Table Z-Z7. HFE Measurements (cont) � · - t i ·=  , .. i ' !  � -IS€'Ciuential Heater 
G'rder Symbol Measurement and Location Status 

•. 

1,., 
"' ;'� �-

(\ 

. 

-

DH- S6 
DH- 57 
DH- 58 
DH- 59 

DH-66 
DH-67 
DH-68 
DH-69 

DH-:- 70 
DH- 71 
DH- 7Z 
DH-73 

DH-80 
DH-8 1  
DH-·8Z 
DH-83 

DH- 76 
DH- 77 
DH-78 
DH- 79 

DH-86 
DH-87 
DH-88 
DH-89 

• 

Mode 3 (High Conductivity) (cont) 
- . 

Differential temp •. probe 1 - bridge 1 
Ambient temp. probe 1 - bridge 1 
Differential temp. probe 1 - bridge l 
Ambient temp. probe 1 - bridge 1 

Diffe.)'ential temp. probe 1 - bridge Z 
Arn}?ient temp. probe 1 - bridge Z 
Differential temp. probe 1 - bridge Z 
Ambient temp. probe 1 - bridge Z 

Differential temp. probe Z -. bridge 1 
Ambient temp. probe Z - bridge 1 
Differential temp. probe· Z - bridge 1 
Ambient temp. probe Z - bridge 1 

Differential temp. probe Z - bridge Z 
Ambient temp. probe Z - bridge Z 
Differential temp. probe Z - bridge Z 
Ambient temp. probe Z - bridge Z 

Differential temp. probe Z- bridge 1 
Ambient temp. probe Z - bridge 1 
Differential temp. probe Z - bridge I 
Ambient temp. probe Z - bridge 1 

Difft:rential temp. probe Z - bridge z· 
Ambient temp. probd Z - bridge Z 
Differential temp. probe Z- bridge Z 
Ambient temp. probe Z - bridge Z 

�-

� .. • 

O�'F OFF 
H 1 1 oN 1 
H1 1  ON 
OFF OFF 
H 13 ON 
Hl 3 ON 
OFF I 

OFF 
Hzz ON 
Hzz ON I 
O FF OFF 
Hz4 ON 
Hz4 ON · 
OFF OFF 
Hz l ON 
Hz l ON 
OFF OFF 
H23 oN : 
Hz3 oN ! 

j I 

f) 

r , 
'· 
' 
I t t ' 

> 
r .  r 1 F;; ;. � 

trl "tt !: � . t 
I 0 � 
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Table Z-Z7. HFE Measurements (cont ) 

Note 1 Each of the HFE measurements (except thermocouples} consist�'� of fqur voltage samples as follows: 

High Sesuitivity Low 
and T 

ref 
Sensitivity Ambient 

--

+ Excitation Volta + Current* + Excitation Volts 

+ Bridge Output Volts + Bridge Output Volts + Current* 

Excitation· Volts - Current* - Excitation Volts 

- Bridge Output Volts - Bridge Output Volts - Current* 

*Voltage across a current measuring resistor. 

. Note Z Each pair of Mode 3 measurements is select6d by execution of heater advance command 1 0 .  

> 
.� M 00 

I :: 
":3 I 0 1,.) 
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I ALSEP SHIFT PULSES l 1 I 
MEASUREMENT SEUCT S IGNAI.S MEASUREMENT f+-PROBE SEl!CT S IGNALS 

SEQUENCE 

PROGRAMMER 
90TH FRAME MARK 

P. t', �. ENABU S IGNAL 

BRIDGE SEIICT S IGNAl 

DATA GATE 

MODE STATUS 

.... 

CONDUCT IV ITY 

HEATER 

fUNCTION 

TEMPERATURE 
MEASUREMENT 
fUNCTION 

4- SUBSEQUENCE r+- MEASUREMENT 
SUBSEQUENCE STATUS 

SEQUENCE �TAlUS 

DATA 

HANDLING 

fUNCTION PROGRAMMER SEQUEM:E LJ 400 KHz DECODER HEATER STATUS 
-... 

CLOCK ... 

MODE SEUCT SIGNALS 

lfATER SEUCT S IGNALS 

R£MOTE BRIDGE SEUCT SIGNALS 

MODE SEUCT S IGNALS 

HEATER SEUCT S IGNALS 
� I CONDUCT IVITY 

HEATER 

FUNCTION 

Figure 2-85. HFE Timing and Control Function, Block Diagram 

_,...._,.. _..,. tEAT HIGH SENSITIVITY DIFRRENTIAL TEMP DATA � ITO GRADIENT LOW SENS ITIVITY D IFFERENTIAl TEMP DATA 
WNAR SOIL � _..,. ALL r-+' BR IDGE 

SENSORS AVERAG! ABSOWTE TEMPERATURE DATA � .___.. SENSORSI 

::::::::: 
SEUCT SIGNAL l .- ..... 

n.NSOR TfiRMOCOUPt£ 
ENABLI 5 IGNAL PULS£ 

t<CITATION SENSOR GROUPING A\lfRAGE, ABSOWlt ltMP DATA 
POW£R � SWitCHING .... 

AND RERR£NCE SUPPLY ctaeun � IRIDGE 

HIGH SENSITIVITY OlfFERENfiAL 1EMP DATA._ - A\UAGE AISOURE 1EMPERA1UIIE DATA IIIDCil ....... SINSOIS 
fliNG SEHSORSI 

Flpre 2-86. HFE Temperat.lre MeaiUI'ement Functlcm, Block Dia.1ram 
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thermocouple senso.r g rouping and rc!erence bridg.�, and the remote bridge s en­
t�ors (ring sensors) .  The gradient bridges ,  r ing bridges ,  and thermocouple s re­
ceive excitation in accordance with the mode and sequence s e lec ted by c ommand, 
and are energized by the puls e  power supply. Selection is contrc 1 1ed  by the s en­
sor excitation switching c ircuit. The sens or s and the rmocouple s are sam;>1cd to 
obtain analog temperature mea,;urement informatio which is supplied to the data 
handling function. 

Five types of measurements are performed in the three basic modes of operation 
as follows : 

a. High sensitivity bridge measurement of probe temperature difference 
(gradient). These  measurements are performed in a ::!:  z o e  range with a pr�bable 
error of 0. 00 3 ° C .  Th e  gradient s ensors are used for these measurements in 
modes 1 and 2. The ring sensors 'are u sed in mode 3 operation. 

b. Low sel'lsitivity bridge measurement of probe temperature difference 
(gradient). These  measurements are performed in a ± zo • c  range with a probable 
error of o. 03 · c .  The gradient sensors are used for these measurements in modes 
1 and 2 operation. 

c. Total bridge resistance measurement of probe ambient temperature .  These 
measurements are performed in a 200 to· Z SO • K  range with a probable error of 
0. 1 • c. The gradient bridges are measured in modes 1 and 2. The ring bridge s  
a r e  measured in mode 3 operation. 

d. Bridge measurement of the thermocouple reference junction temperature. 
The s e  mea surements a re performed in a -20 to 6 o • c  range with a probable error 
of O. 1 •c. Thea� measurements a re performed in modes . 1  and 2 ope ration. 

e. Thermocouple measurements of probe cable ambient temperature. ThaOJ e  
measurements are performed in a 9 0  to 350 °K range with a probable error of 
0. 3•c.  Thes e mea surements are perforr.1ed only in mod · . 3 1 and Z operation. 

2 - 1 83.  The normal gradient mode is us ed to monitor the heat flow in and out of 
the. lunar surfa·ce crust. Heat fron1 solar :�.·adiation flows into the Moon during the 
lunar day and out of the Moon during lunar ni�ht. This larger heat gradient in the 
near subsurface of the Moon will be monitored and measured in order to differ­
entiate it from the more steady but smaller heat flow outward from the interior of 
the Moon • 

The temperat\.,.,.e g:\ adients and average-a�stllute temperature s are measured with 
the gradient sensor s and with the thermocouples spaced along the two cables con­
necting the probe s to the electronics package. 

In each deployed probe; the temperature difference between the ends of each of 
the two aections il measured by the gradiert bridge c ondsting of the gradient 
aena.,ra poaitioned at the enda of the probe nction. Gradient temperatures are 
meaaured 1n both tle high sensitivity and low sensitivity ranges. 

. .  . 2-191 
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Av · :age-absolute temperature measurements are  made by all gradient bridge s 
and by any one of the thermocouples spaced at four points along each probe cable . 
In each probe cable , the thermoc ouples are plac ed at the top gradi ent sensor and 
at distance increments of 6 5, 1 1 5, and 1 6 5  em above the top gradient s ensor. The 
refE'r �nee junction for t..lte thermocouple s is mounted on the HFE electronic s pack­
age thermal plate. Gradient bridges and thermocouple locations are identified by 
a number sy st�m. Gradient bridges are identifi.ed by probe number ( 1  or 2) ,  and 
probe section ( 1  for upper,  2 for lower) .  Thermocouple s  are identified by probe 
number, and by pos ition in the cable ( 1 , 2, 3, or 4, with 4 at the upper end of the 
probe) .  

2- 1 84.  Thermal concuctivity of the lunar material i s  measured with the principal 
of creating a known quantity of heat at a known location by exciting one of the eight 
probe heaters, and measuring the re sultant probe temperature change for a period 
of time. Becau s e  it is not known whether the surrounding mate rial w ill have a low 
conductivity (loosely consolidated material) or a high conductivity (solid rock), 
the capability to mea;ure ove r  a wide range using two mode s of operation are in­
corporate� into the HFE design. 

In low conductivity operation, the thermal conductivity of the lunar material is de­
termined by measuring the temperature rise of the end of the probe in which the 
selected heater is located. The temperature which the heate r must r each to dis­
sipate the power input is a measure of thermal c onductivity of the surrounding 
material. The low conductivity measurements are performed in the sequence 
(Table 2 - 27 ) sel�cted by Earth command (Table 2-26 ). The probe heater selected 
by Earth command r eceives low power excitation, and dis sipate s two milliwatts of 
power.  

In high conductivity operation, the thermal conductivity of the lunar material is  
determined by measuring the temperature rise  at  the ring bridge near est the 
selected heater .  The temperature rise per unit of time at the known distanc e is a 
measure of thermal conductivity o1 the surrounding material. The high conduc ­
tivity (mode 3 )  mea surements are temperature gradient in the high s ensitivity 
range, and probe ave rage -absolute temperature (Table 2- 27 )  on a single remote 
bridge. The bridge used in performing a mea sure�ent is determined by the 
heater selected by Earth Command 1 0. The heater receives high power excitation, 
and dis sipates 500 milliwatts of power. BE:c...:'l.use of the higher power consumption, 
this mode, if s elected, will operate only dur i:t:tg lunar day. 

·- . 

Ring bridge lo·· ·l!.tions are ident-ified in the same manner a s  the gradient bridge s. 
Heater locations are identified by probe number (1 or 2) ,  and by pos ition on the 
rrob

_
e ( 1 ,  2,

. 
3,_ or 4, with 1 a-t the .top and 4 at the bottom of the �X'obe) .  

2 - 1 85.  HFE Cc.nductivity Heater· Function .. The conductivity heater function block 
diagram is shown in figure 2 - 87 and consists of a constant current supply, heater 
select sw itching circuit, and eight heaters  arranged on the top and bottom of 
upper and lower sections of probe 1 and 2. The conductivity heaters  are used to 
apply a known amount of heat energy to the lunar soil. 

2 -.1 9 2 
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TOP HEATER 

PROBE O� 

UPPER SECTION 

BOTTOM HEATER 
� 

� HEATER SELECT SIGNALS + TOP HEATER 
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Figure Z-87 .  HFE Conductivity Heater Function, Block Diagram 

The constant current supply provides  the drive current for the heaters  while the 
heater select switching circuit gates -the drive current to the selected heater. 
Ground commands 1 through 3 are received from the command processor by the 
constant current supply. Command 1 inhibits the operation of the constant current 
supply. Commands Z and 3 turn the constant current supply on and select the 1� 
or high constant current, respectively. The heater select signci.l (command 1 0 ) 
advances  the heater select switching c ircuit sequentially to select the heater to be 
activated. 

Analog housekeeping data and digital heater status data is supplied to the data 
handling function for insertion in the data output. 

�-1 86 . HFE Data Handling Functio:1;1. The data handling _function block diagram is 
shown in Figure Z-88 and consists of the multiplexer, data amplifier, analog-to­
digital converter, and output shift register. Data handling includes the compiling 
and digit�zing of analog temperature measurement science data for subsequent in­
sertion into the data subsystem telemetry format. 

The multiplexer compile.!! analog temperature data receivei from the temperature 
measurement function and distributes  this data to the data amplifier in accordance 
with data gates received from timing and control. 

· 
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Figure Z-88. HFE Data Handling Function, Block Diagram 

DATA 
SUBSYSTIM 

The data amplifier conditions the bridge and thermocouple volt�ges to the dynamic 
range required by the analog-to-digital-converter. A succe s sive approximation 
technique i s  employed to digitize the data for storage in the output shift register. 
Mode, sequence, subsequence, and heater status data is also stored in the output 
shift register in alloted positions as  shown in figure Z-83 .  The data demand from 
tlie ALSEP data subsystem then allows the scientific data along with an identW.ca­
tion code to be shifted out to the central station for inse1:t� on in tbe ALSEP tele­
metry frame and downlink transmis sion to Earth. 

Z- 1 87 .  HFE Power and Electronic s Thermal Control Function. The HFE power 
and electronic s thermal control function block diagram is shown in figure Z-89. 
and consists of the DC power converter, electronic s temperature control circuit, 
electr•.•nic s package heater, and the powe� gating control circuit. 

The DC power converter receives the primary Z9 VDC power and develops the re­
quired operating power levels for distribution to all HFE electronic circuitry 
through the power gating control circuit located electrically on the secondary side 
of the DC power convE:rter. The power gating cont· ol circuit does the actual dis­
tribution of power and operates in conjunction with a thermostatic switch. When 
the HFE package temperature reaches 3 0 • c, the thermostatic switch s ignals the 
power gating control circuit and power distribution is limited during periods be­
tween measurements. 

Z-1 94 . . .  
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Figure Z-89.  HFE Power and Electronic s Thermal Control Function, 
Block Diagram 

. . 
Active thermal control of the HFE electronic s package is  provided by the elec -
tronic s temperature control circuit and the electronics package heater. The 
heater is  mounted on the thermal plate and aids in maintaining the temperature of 
the HFE electronic s within its operational temperature range of 1 0 •  to 6 o • c- .  The 
active component in the electronic temperature control circuit is a thermostatic 
switch which is  sensitive to the effective operating temperature range of the HFE 
electronics package . 

In addition, the heater is connected to a standby heater power line in order to 
provide thermal control during periods when operational power to the HFE is 
turned of£. At these times the heater diss ipates a maximum of 4. 5 watts for ther­
mal control. 

2-1 88. HFE/Data i::iubsystem Interface - In addition to the ten Earth commands 
listed in Table 2.,.26,  the HFE receives the following four timing and control sig­
nals from the ALSEP data subsystem: 

a. 90-frame mark whic;h is the time base for the HFE operation. It is received 
by the measurement sequence programmer and releases  commands from the com­
mand receiver. 
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b. Frame mark which is the time base for synchronizing data outputs to the 
data subsystem. It is used by the J11.ea surement . sequence P"ogrammer and the Q subsequence programmer.  

c .  Data demand which is  a de level maintained for one word hme on the demand 
line during the readout of the HFE output shift register, which receives the data 
demand from the ALSEP data subsystem. 

d. Data shift pulse which is enabled during data demand to shift the data to the 
data subsystem at the 1 060 BPS bit rate of the data subsystem. 

Z- 1 89.  The HF.S has been allocated one 1 0 -l>it word per ALSEP telemetry frame 
for temperature data transmis s ion. The HFE tranc;mits data during the fir st 1 6  
frames of each ALSEP 90-frame cyc le. Eight frames are required to transmit 
one data point measurement. The word format is shown in Figure Z-89A. R1 and 
Rz identify the state of the subsequence programmer. P1 , Pz, P3 , and P4 
identify the state of the measurement sequence  programmer.  M1 , Mz. and M3 
identify the state of the mode register. H} t Hz, H3 , and H4 identify the state of 
the heater sequence programmer .  Frames 1 through 8 starting with thP. 90 frame 
mark contain one measurement. Frame s 9 through 1 6  contain the next sequential 
measurement. Frames 17 through 90 contain words that �"�"'  all zeror . 

SEQUENCE STATUS 

��--�-------- ) ---------------��--------------

HEATER STATUS HFI DATA, · EXC ITA liON VOLTS ITYPICALI . 1 --------��------- 8 -��-��----..... 

SUBSEQUENCE STATUS HFE DATA, · BR IDGE OUTPUT ITYPICALI 

Figure 2- 89A. H�E Measurement Digital Data Format . . 
Z- 1 90. Seven analog data lines are allocated to . the HFE. They are used to moni­
tor the HFE power supply and probe heater current supply as listed in Table 2-28.  

. .  · .  
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Table 2-28. HFE Analog Housekeeping Datums 
-·-

Name Frame Range 

Supply Voltage #1 30 0 to +5 volts 
Supply Voltage #2 4 5  0 to - 5  volts 
Supply Voltage #3 56 0 to +1 5 volts 
Supply Voltage #4 7 4  0 to  - 1 5  -,olta 
(not used) 86 
Low Conductivity Heater 57 'JN/OFF 
High Conductivity Heater 7 5  0N/OFF 

2 - 1 9 7/ 2 - 1 9 8  
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Z- 1 9 1 .  CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT (CPLEE) 
SUBSYSTEM 

The charged particle lunar environment experiment ( CPLEE) mea-s ures the energy 
distribution, time variations , and direction of proton and electron fluxes at the 
lunar surface.  The results of thes e  measurements will p'rovide information on a 
variety of particle phenomena. 

The lunar surface may be bombarded by electrons and protons caus ed by s everal 
phenomena that are as yet not understood. Fo r example,  occasionally the sola r 
wind may hit the surface. This wind is caused by the expansion into interplane­
tary space of the very hot outer gaseous envelope of the Sun. The resultir g flow 
stream apparently carries energy and perturbations from the Sun to the Earth­
Moon system. During times of the full ·Moon, this solar wind stream also  sweeps 
the magnetospheric tail of the Earth toward the Moon. It appears that here the 
electrons and protons that cause auroras and Van Allen radiation are accelerated 
when they plunge into the ter r estrial atmosphere. The s e  acceleration proces s es 
are not understood and simultaneous observations of them near the Earth and 
Moon will permit more detailed study of their extent and other characteristics .  

Because the Moon is  sufficiently large to  prove an  obstacle to  the flow of the solar 
w ind, it is pos sible that, at times , ther e  is a standing front. The detailed physi­
cal processes  that occur at  such fronts are  not fully understood, and they are of 
considerable fundamental interest in .Pla sma research. If  there is  such a front 
near the Moon, the CPLEE will detect .the disordered or the rmalized fluxes of 
electrons and protons which share energy on the downstream side of the front. 

To study thes e  phenomena, the ·CPLEE measures the energy of protons and elec ­
trons separately, and measures each in 1 8  differ ent energy intervals .  The 
C PLEE is capable of measuring particles with energies ranging from 40 ev to ap­
proximately 70 kev with flux levels of about 1 0 S to t o l O  particles per �quare 
c .:ntimeter I seconQ./ steradian. The CPLEE measures particles apd, therefore, 
characteristic £ of the following solar radiation phenomena: 

a. Solar wind electrons and protons ( 50 kev to 5 kev) 
b. Thermalized solar wind electrons and protons ( 50 ev to 1 0  kev) 
c. Magnetospheric tail particles ( 50 ev to 70 kev) 
d. Low- energy solar cosmic rays ( 10 ev. to 70 kev) . 

, . 

The basic instrument of the CPLEE used to perform these  measurements consists 
of two detec!or packages (analyzers) oriented in different directions for minimwn 
exposure to the ecliptic pa,th o! the Sun. Each detector package has s ix particle 
detectors . ,  Five of  these  detectors  provide information about particle energy dis­
tribution, while the sixth detector provides high s ensitivity at low particle  fluxes. 
Particles entering the detector package are deflected by an electrical !ield into 
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o n e  of the s ix detectors ,  depending on the energy and polarity of  the particle s .  
The CPLEE al so includes electronic s for r ecording the particle count s and pro-
viding data to the data s ubsystem. 

, 

The CPLEE r eports sc ientific data to the data s ubsystem in s ix words of the 64-
word A LSEP telemetry frame. The CPLEE als o  r eports six housekeeping s ignals 
to the data subsystem. 

2- 1 9 2 .  CPLEE PHYSICAL DESCRIPTION 

The CPLEE i s  a self- contained unit con s isting of s ensing and signal p roc e s s ing 
electronic s housed in an insulated case. The CPLEE i s  s upported by four l eg s  in 
a rectangular ar rangement ( s ee Figure 2 - 90) . Leading particula r s  of the C PLEE 
are shown in Tab�e 2- 29.  Figure 2 - 9 1  show s the thre e  major components of  the 
C PLEE: 

a. Two phys ical analyzer s 
b. Electronic s .  

Each phy sical analyzer consists  of  entranc e slit s ,  d eflection plates ,  and s ix  de­
tecto rs .  
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Table 2 - 2 9 .  CPLEE Leading Particula r s  

- . . . .. . - . . . . . � .. . . 

C haracteristic Value 

Size 1 0. 3 x 4. 5 x 1 0. 0 inches 

Weight on Earth 5. 08 pounds 
Power Requir ements No more than 6 .  5 watts for 

operation and heater s  

I 
CPLEE electronic s consist of the following major suba s s emblies :  

a. Switchable power supply (deflection plate voltages) 
b. Power s upply for Analyzer A 
c. Power supply for Analyze r  B 
d.  Low voltage power  supply 
e. Logic module 
f. Amplifiers module 
g. Ancillary module. 

Figure 2 - 9 1 .  CPI.EE Major Components 
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The upper thermal support plate is the primary stru�;.tural component of CPLEE. 
The support plate provide s a mounting base !or all internal and external r.:ompo �  
nEmts ,  and i s  a tie point for mounting the experiment t o  ALSEP subpackc.ge No. 1 .  
Twn �pcrtureR in the support plate provide particle acc e s s  to the detectors .  A 
rr sheet, attached to a s pring retention device, covers  the apertur es until a 
dust cover removal command is received. 

An external shell of insulation provides thermal protection for .  the inner compo­
nents and isolates the support plate floom the outer c a :; c:. 

The CPLEE is  connected to the central station by a tape cable which is contained 
in an enclosed reel prior to deployment. 

Z- 193.  CPLEE FUNCTIONAL DESCr-IPTION 

The CFLEE has six major function11 : 

a. Charged particle detection 
b. Particle discrimination and programming 
c. Data handling 
d. Power supply 
e. Self- test 
t. Environmental control. 

Figure Z-9Z  is a functional block diagram showing the relationship of these  CPLEE 
!uncUons. 

· ·  

DATA 
SUBSYSTEM 

2- 202 
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DIOITAL DATA HANDLINO 
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FigurG 2-92.  CPLEE, Functional Block Diagram 
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The polarity a n d  rncrgy content of charged pa!tic les  are measured in a program­
med sequence. 'J ' h c s c data arc reported to data handling which converts them in a 
programmed ae'l 'H:nce to dig ital format compatible w ith the ALSEP telemetry 
frame. These  d i _,� i tal data ar.c sto red until requested by th � data subsystem £or 
down-link transi tu a a ion to Earth. 

The power suppl y provides high voltage to the deflection plates in the se.nsing func­
tion as  programmed, high v o l ta g e  to the twelve detectors  in both phys ical a>:�alyz­
ers,  and low vol t;,ge to all the C PLEE electronic c ircuits.  

The CPLEE contains two provis ions to self- test its own operation: 

a. Beta rad�at ion source {o r end- to- end testing before  dust cover removal 
b. Test o scil l ator for chec king amplifiers and data proce s sing electronic s .  

Environment colltrol featur e s  include a dust cover, dust cover removal, and 
thermal control. 

In its operation, the CPLEE is res ponsive to Earth commands as listed in 
Table 2-30 .  Only one o£ the s e  e i g ht Earth commands (command 3 - dust cover 
removal) is  e s sential !o r the: operation o£ the CPLEE. The ALSEP central station 
timer provides an autom<lt .c  back- up command for this operation. The other 
seven commands are i nc h •d c d  to extend the versatility of the experiment. 

Command Numbe r 

1 
z 
3 '  

4 

5 
6 

7 

8 

'I able l- 30.  CPLEE Command List 

Nomenclature 

Operational heater ON 
Operational heater OFF 
Dust cover removal 
Automatic voltage 
sequence ON 
Step voltage level 
Automatic voltage 
sequence OF@ 
Channeltron 
voltal!le inc re�e ON 
Channeltron 
voltage inc rea s e  OFF 

When operat i ;, �  power is applied to CPLEE, the thnmal control c ircuitry is pre­
set in an aut'• "' " t l c  m()dc. Automatic control consists of the thermostat and 
heaters  c ont r r, l l • n w:  the temperature. Command 1 overrides the automatic mode by 
removing th 'l t · . r. r moo  tal  £rom the active thermal control c ircuits and applying 
+28 volts tc1 t. r, "'  h r.att! r l  c o ntinuously . 

' •  . 

2- 2C3 



I I , I I 

(�_ ) 

I 

ALSEP-MT-0 3  

Command 2 turns off the heater. In this mode the experiment operates without 
any activ.:; the rmal control. The thermal control is returned to the >1•.1tomatic mode 
by momentarily interrupting the prime 29 vdc powet· to the CPLEE . 

Command 3 detonates the two squibs that remove the dust cover. 

Command 4 returns the C PLEE to automatic deflection plate voltage sequencir.g 
after interruption by command 6. 

· 

If automatic deflection voltage sequencing has been interrupted by command 61 
command 5 will permit the deflection voltage to be manually stepped to any of the 
operating positions (:1: 3 500,  :1: 3 50, :1: 3 5, bac�ground , ur test oscillate::) .  

Command 6 ma y be used to interrupt the automatic deflection voltage switching 
sequence. The deflection voltage will remain at the oparating position coincident 
with receipt of this command and will continue to be automatically switched be­
tween physical analyze rs A and B. 

Command 7 may be used to inc rease the operating voltage applied to the detector 
from 2.800 to 3200 volts. This capability �.s included so that the Oferating voltage 
can be incl. eased in the event that the electron gain characteristic s of the detector 
degrade during the life of the exF.eriment. 

Command 8 r eturns the CPLEE detector voltages to an operating voltage of 
2800 volts. 

2.- 194. CPLEE DETAILED FUNCTIONAL DESCRIPTION 

The following paragraphs describe in detail the six major CPLEE functions. 

2- 195. CPLEE Detecting Function. The CPLEE detecting functional block dia­
gram is shown in Figure 2.-93 .  

The basic detector element in the CPLEE is the Bendix Channeltron @electron 
multiplier. This detector is sensitive to both protons and electrons over the 
energy range required for this experiment and operates at a co\mting rate of up to 
one n1egahertz. 

The detector is a glass capillary tube having an inside diameter of about one mil­
limeter and a length of 1 0  c entimeters. A layer of special conducting material 
that has secondary electron emission characteristic s is depoaitcd over the in­
terior surface of the tube. When a potential difference is applied between the enus 
of the tube, an electric field is established down its �ength. Any electron ejected 
from the inside surface b) photoelectric or e econ:lary emission will be accelera­
t_,d down the tube and will simultaneously drift acTos s the tube with whatever lat­
eral velocity was acquired by the ejection proc ess .  Electron multiplication occurs 
when the potential difference  � s such that these free electrons gain enough energy 
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Figure l - 9 3 .  CPLEE Charged Particle Detect;on Funchon, Blo:::k Diagram 

fr<Jm the electric fielu between encounters  with the surface that more than one 
<Jecond:uy electron is generated at each encounter. A single ell.!ctron ejected at 
the low potential end of the detector can result in an electron gain of about 1 08 at 
the high potential end� Figure k 94 illustrates the typical electron gain character·­
istic s of a Bendix Chanueltron ��detector • .  Note that the knee of the gain curve 
occurs at about 2700 volts . Between the knee of the curve and the saturation re­
g�on, the amplitude and shape of the output pulses  tend to be uniform and indepen­
dent of the type or energy level of the radiation. 

Energy measurements are translated to pulses  by each detector and s ent to s epa­
rate amplifiers where the pulses  are amplified, wave- shaped, and sent to the 
multiplexer in the data handling function . 

Since the detector is s ensitive to electrons, protc. Jls, x-rays ,  and ultrav:iolet radi­
ation, · the output pulses from the detector contain no information concerning the 
type o)r energy of the primary radiation. Therefore, information concerning these  
parameters is obtained by  electrostatic analys; s of the charged particles prior to . 
their entering the detector. · 

Figure 2- 95  illustrates the major components in tlie physical analyzer used in the 
CPLEE. Each physical analyzer consists of a s et of entrance slits, deflection 
plates, and s ix 'etectors .  
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Figure Z-94. Channeltron@Detector Typical Electron Gain 

Charged particles entering the deflection plate region will be deflected along 
curved paths which are a functi on of their energy-to-charge ratio. Particles of 
one s ign will be detected in five discrete energy levels by the five C-type detec­
tors  which are positioned below the c enter line of the deflection plates as defined 
by the entrance slita . Particles of the opposite sign are detected .simultaneously 
by the helical detector in one broad energy s pectrum. 

The switchable power supply in the particle discrimination and programn1ing func­
tion provides voltage at three levels and in each polarity to the deflector plates. 
This voltage applied to the deflection plates is automatically cycled through seven 
levels :  three  po sitive, three  negative,  and a no ... :linal zero so that the background 
flux can be measured. Particles  having a particular energy level are ml9asured � 
by each detector in the physical analyzer as the deflection plate voltage is auto­
matically programmed through :1: 3 5, :1: 3 50, and :1: 3500 volts. 

A timing s equence is used t.o automatically switch the deflection plate voltage. 
This timing sequenc e use s  the even frame marks from the data subsystem aa- the 
ba sic timing clock. The even frame marks are received by the particle, discrim­
ination and programming function which translates them into deflection plate volt­
age c ommands to the switchable power supply. Since each ALSEP telemetry 
frame requires 0. 604 second, the even frame marks occur every 1. 2. 1  seconds. 

. . . 
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Figure Z-95.  CPLEE Physical Analyzer Major Components 

When the experiment is turned on, the timing sequence r.nay start at any point. 
Assuming that the operation starts when + 3 500 volts is applied to the de!lection 
plates, analyzer A measures the charged- par.ticle !lux for a period of 1 .  2 1  sec­
onds.  Then analyzer B measures f.he incident radiation for 1 .  Z1 s econds,  after 
which the deflection voltage is automatically switched to +350 volts and the meas­
urement sequence by analyzers A and B is repec�.ted. Since the measurement 
period at each deflection voltage level is z. 4Z seconds and a complete c- ycle of 
operation includes eight steps, the complete s equence requires 19. 4 seconds. 
During the time period that one physical analyzer is measuring the flux level, the 
last measurement made by i:he cecond analyzer is being read out by the ALSEP 
data subsystem. 

2- 1 96. CPLEE Particle Disc rimination and Programming Functio�. The CPLEE 
particle discrimination and programming functional bloclr diagram is shown in 
Figure 2-96. 
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Figure 2.- 96. CPLEE Discrimination and Programming Function, 
Block Diagram 

The programmer receives even frame marks from the data subsystem and uses 
them as the basic timing clock to synchroniz.e the switchable powe r  supply which 
provides stepped voltages to the phys ical analyzer deflection plate s  in the detect-
ing function. _ 

.. 

The switchable powe r  supply on command from the programmer provides the fol-
lowing stepped voltages :  . -

-

:1: 3 5 vdc . . , 
a. ,. ' .  

b. :f:: 3 50 vdc .· 
·, 

c. :1: 3 500 vdc • 
d. · 0 vdc. ' ·. 

Thes e  voltage s  are stepped as  c ommanded by the programmer. 

The outputs from the two physical analyzers in the detecting function are gated by 
the programmer to. the multiplexer and counters of the data handling function. The 
two physical analyzers are gated into the counter s  as follows :  

ThE' pulses from ph!rsical analyzer A a r e  gated to the c ounter s  and information i s  
collected for a s .,ecific deflection voltage level. On receipt o f  a n  even frame 
mark from the data subsyAtem, all counter inputs are inhibited and identification 
data bits are stored in the shift registers. The first shift pulse, following in 
time, transfers th': count data into the shift registers. At the falling edge of this 
pulse, the programmer directs the switchable power supply to· its next voltage 
level. Approximat�ly 30 . milliseconds later, the counte1 s are all reset to zero. 
About 60 milliseconds after the original even frame mark pulse, the counter in­
puts are enabled and physical analyzer B couples into the counters.  

The output. from each counter is transferred �o a .shift register in the data handling 
function upon command from the programz.ner. Then the count data from the shift 
registers are read out as serial digital data to the ALSEP data subsystem upon 
receipt of a data demand from the data subsystem. 
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l - ' 9 7.  CPLEE Data Handling Function. The CPLEE data handling function i s  
shown in  Figure 2 - 9 7. 
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Figure 2-97.  CPLEE Data Handling Function, 
Block Diagram 

The outputs from the d etecting function are rec eived by the p1ultiplexer. The 
multiplexer contains 1 2.  input gates ,  one for each detecto:r. The multiplexer 
routes thes e  outputs to the pertinent counters.  The high energy and helix detec­
tors (detecto r s  5 and 6} in each physical analyzer have 20-bit counters and detec­
tors 1 through 4 have 1 9 - bit counters .  The output from each counter is trans­
ferred to a shift register upon c ommand from the particle discrimination and pro­
gramming function. The outputs from detectors  1 through 4 have only 19 bits at 
this point but in the shift register the identification data, lD, sent by the particle 
discrimination and programming function is added to each word. lD bit number 1 
is added to the count data from detector 1 to indicate whether analyzer A or B is 
being read out. ID bit number t. indicates the polarity (po sitive or negative) of the 
deflection voltage, and lD bit number.; 3 and 4 indicate the magnitude of the de­
flection voltage ( 3 50 0 ,  3 50, 3 5, or zero) . Only four bits out of 1 20 are used for 
identification data; all of the remaining digital data contain scientific information. 
Analyzer count data are trans.ferred from the shift r egisters to the register r ead­
out gates on demand from the data subsystem. The data subsystem s ends a data 
demand pulse  to the register readout gates and the count data are read out on a 
digital data line. 

Z- 198. CPLEE Power Supply Function. The CPLEE power supply functional 
block diagram is shown in Figure 2-98 • 

The data subsystem power distribution unit supplies primary power to the CPLEE 
low voltage power supply which, in turn, provides operating power to the two de­
t-ector power supplies and to the switchable power supply in the particle disc rim­
ination and programming function. The switchable power supply supplies de­
flection plate voltages to the physical analyzers in the detecting function and its 
operation is discussed in the preceding particle discrimination and programming 
paragra:phs. 

. . . 
Z- 209 
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Figure Z-98. CPLEE Power Supply Function, Block Diagram 

The low voltage power  supply also provides ::1: 3 , +6, - 1 6, ·'· Z7 ,  and +3Z vdc for the 
operating voltages to all of the CPLEE electronics.  

Z - 1 99 .  CPLEE Self- Test Function. A s elf-test of the preamplifiers,  amplifiers,  
counters,  and shift registers is  provided by the test · oscillator .  The test oscil­
lato r is energized every other time. the switchable power supply in the particle 
disc rimination and programming f�ction switches to zero volts.  Therefore, a 
self-test is made of all the signal proces sing in the CPLEE during each complete 
cycle o£ operation. i 

The output of the test oscillator is  connected to the input of the preamplifie·rs  in 
parallel. The oscillator output is a near square wave continuous signal at a fre­
quency of 3 50 KHz ::1: 1 0 %. The oscillator pulse data are read out by the data sub-
sy stem in the same manner as detector pulses .  / 

. ' 

Another s elf- test of the CPLEE operation is provided by a beta- ray so.urce  located 
on the dust cover.  This radiation is detected by the physical analyzer's and the 
output pulses are proces sed as described for other charged particles: This allows 
a complete check of the detectors and signal processing electronic s ,during pre­
flight testing and prior to dust cover remov'al during lunar operation. 

When the dust cover is removed, the effect of the beta- ray sourc� is reduced to 
leas than 0. 1 count per second on any one detection channel. 

Z-ZOO. CPLEE Environmental Control Function. The CPLEE· is designed to oper­
ate over a temperature range of - 50 to + 1 50 degr ees F and to . survive a nonopera­
honal �emperature range of - 60 to + 1 60 degrees F. 
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For passive thermal control, the CPLEE i s  surrounded on  five sides by the rmal 
insulation of alternate layers of aluminized mylar and fiberglas s  with space s  be­
tween the layers . The top of the C PLEE is a the rmal plate to which all of the 
CPLEE electronic s are mounted. This thermal plate functions as a heat sink and 
radiates excess  operation- generated heat into the lunar atmo sphere 

For active thermal control, the C PLEE has heaters and a th� � ·mc :.o;tat mounted to 
the under side of thi s  thermal plate to maintain operatb.g temperature levels dur­
.;r.g the lunar night. Earth command I bypassea tt.e automatic thermal c ontrol 
employing the thermostat, and turns the heate1 on. Earth command Z bypasses 
the thermostat and turns the neater off. Auto · CLtic control is reinstated by switch­
ing the operating power off and then on. 

The CPLEE has a dust cover that protects t s ense., . aperture s  and thermal con­
t rol surface s  from dust until after LM ascent. The dust c wer i s  r emoved by 
Earth c ommand 3 which Cl etonates two sq11ibs that rf.le::? r: spring retention de-
vice. The dust cove!' rolls up on one end of the thermaJ plate and expos e s  b'lth 
apertures.  In the event of failure of Earth command 3, a backup timer  ;.n the 
A!..SEP data subsystem will initiate r emoval of the dust cover. 

Z-Z0 1 .  CPLEE/ALSEP Data Subsystem Interlace.  The F cientific data from 
CPLEE are r ead out on a digital data line. Each ALSEP telemetr�· frame c on­
sists of 64 digital ·words which have ten bits each. Six words in each ALSEP 
telemetry frame are a s signed to the CPLEE. However, the output !rom each of 
the six detector s  in one physical analyzer consists of twenty bits.  Therefore two 
ALSEP telemetry frames are required to r ead out one step of CPLEE operation 
for each physic al analyzer. Word a s signment is  a s  follow s:  

Initial T /M Frame 

Words 7 and 1 7  
Words 1 9  and Z3 
Words 39 and 55 

Second T /M Frame 

Words 7 and 1 7  
Words 1 9  and Z3 
Words 39 and 55 

Detector 1 
Detector Z 
Detector 3 

Detector 4 
Detector 5 
Detector 6 

In addition to the digital data output signal, the CPLE:P. provides six analog signal s 
for engineering data. Four of the analog signals monitor the four power supplies 
and the other two signals monitor the temperature of analyzer A and the switchable 
power supply. The ALSEP data subsystem converts these analo� data to an eight­
bit digital signal and each of the six signals is sampled by the data subsystem at 
least. onc e every 90 frames or 54. 45 s econds. 
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Z- ZOZ. COLD CA 'IHODE GAUGE EXPERIMENT (CCGE) SUBSYSTEM. 

The cold cathode gauge experiment (CCGE) comprises the cold c athode ion gauge 
(CCIG)  and a s s ociated electronics  (Figure  2 - 99). The pu rpose of the expe riment 
is  to measure the density of the luna r atmo sphe re. The CCGE will dete rmine the 
density of any lunar ambient atmosphe re , including any temporal variations eithe r  
o f  a random character o r  a s sociated with lunar local time o r  solar activity. In 
addition, the rate of los s  of contaminants left in the landing area by the astronauts 
and lunar module (LM) will be measured. 

The cold c athode ion gauge (CCIG) and the electronics make '\? the two basic sub­
a s semblies of the CCGE. The CCIG performs the required s ens ing while the 
eledronic s develops the scientific and engineering data measurements which are 
rou b�d to the ALSEP central station data subsystem. The CCIG detects densiti es 
corresponding .to pre s su res of l o - 6 tor r to approximately l o- l l torr.  All nu ­
merical paramete r s  are contingent upon known temperatures , anode voltages , and 
related magnetic/ electrostatic field strengths. The normal gauge accuracy (in­
cluding reproducibility ) is  :t 30o/o above 1 0- 1 0  torr and :t 50o/o below l o - 1 0  torr. At 
l o- 1 0  tor r ,  the starting time for the gauge d•:>es net exceed 45 minutes at 2 3°C in 
total darknes s  and while op< nating at rated voltages  and related magnetic/ 
electrostatic field strengths. Above 5 x 1 o- 9 torr , the starting time will be in­
stantaneous.  

The cold cathode gauge experiment (CCGE) is designed to s ense the particle density 
of the lunar atmosphere immediately surrounding its deployed position. ' An elec­
trical current is produced in the gauge, proportional to particle dens ity. This 
current is amplified and converted into a 1 0  bit digital word and transmitted to 
ALSEP at a prescribed time in the ALSEP telemetry format. 

Z- 203. CCGE PHYSICAL DESCRIPTION. 

The cold cathode gauge expe riment consists of a cold cathode ion gauge assembly 
(C CIG}, eledronic s package, and structural and the rmal housings .  Table Z - 3 1 
lists the leading particulars of the CCGE. 

Z - 204. Cold Cathode Ion Gauge . The CCIG structural loca,tion is identified in . 
figure Z - 99 arid is made of type 304 stainless steel. The gauge is connected to the 
electronic s package by a short cable . All !eedthrough insulators are high alumina 
ceramic de signed !or ultra -high vacuum :.tse.  The C CIG aperture is sealed against 
ing re ss of dirt and moisture.  The seal is removed, on ground command, by an 
explosive actuated piston releasing a spring. 

Z -205. CCGE Electronic s Package . The electronic s package contains the power 
supplie s,  el-ectrometer amplifier assembly, tempe rature ,  squib, and logic cir ­
cuitry. The logic circuitry of the electronic s package coneists of nine modules 
using integ rated circuits.  The integ rate d circuits are supported by two strips of 
mylar with inte rconnect leads welded externally to the support mylar .  The 
modular, package is. mounted to a 23 �pin heade r coate d with silicone and potte d. 
The nine module s are solde red to the printed circuit mothe r board of the elec • 
tronic s package assembly� 
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Table 2 - 3 1 .  CCGE Lea ding Particula r s  

Characte r i s tic Value 

Height 1 3 . 3 8  inche s 
Width 4 . 625  inche s 
Depth 12 inche s 
Weight 1 3. 0 pounds 
L, strument operational powe r 2 .  0 watts 
Heater power 4 . 5 watts 
Input voltage +2 9 vdc 

2- 206 . Struc tural Hous ing . The s truc tur ea.l hous ing con s i s ts of  a ba s e  and a fiber­
glass hous ing �o r the elec tronic cir cuits and the gauge sensor . The top plate 
serv es as ;., suppo r t  for the elec tro nic �odule s  and as a heat s ink . The tool socket 
and the bullseye bubble are mounted on top of the hous ing to per mit the a s tronaut 
to deploy and level the exper iment: . Lev eling will be w ithin fiv:e degre e s .  

Z- 201.  The r mal Control .  The s tructural hou sing is  cover ed with a thermal coa t­
ing to aid in maintaining the internal (electronic s )  temperatur e between - Z O  
degr ee s C and +80 d eg r e e s  C dur ing nor mal operatio n when expo sed to th e  antici­
pated lunar environment. A sunshield is used with a r eflector to shac!e the ther mal 
plate fr om dir ec t  sunE.ght and to allow it to view deep spac e .  The r eflector also 
r educes  heat �nput from the lunar surface . An aux iliary ele ctr ic hea ter is  pro ­
v-ided to maintain the internal temperature dur ing no n-operating periods and to 
as sis t in tile thermal c ontrol dur ing normal operatio n .  

Z - Z 0 8 .  CCGE FUNC TIONAL DESCRIPTION. 

The CCGE is d,iv ided into four major functional eleme nts ; mea sur e ment func tion,  
timmg and co ntrol func tio n, command function, and data handling func tion (Fig ­
ur e Z- 1 00).  In addition ,  a power supply function provides system power to all 
oper ational cir cu its and a ther mal control function mainta ins thermal equilibr ium 
o f  the exper iment o n  the lunar surface .  

The measurement function is accomplished by the cold cathode ion gauge (CCIG) ,  
the elec tl'ometer ampl ifier ,  and the gauge temper ature sensor . Th e  luna r atmo s­
pher ic par ticl e s  ar e de tected by the gauge and amplified by the elec trometer . In 
the automatic mode,  the sens itivity of the elec trometer is automatically controlled 
by the timing and control function.  Seven rang e s  of sensitivity are availablu . 

The timing al\,d control function provides rang.;· control signal s to the measurement 
function and timing signal s to the data handlir.f function.  The rang e  sensitiv ity 
stepping of the elt: ..:: trometer ampl ifier is co n.trolled by the timing and control func­
t' ·: a when the CCGE is in the automatic ranging mode of operation .  The timing and 
control function also prov ides calibra tion timing to the measurement func tion. The 
function uses,  shift, frame mark, and data demand pul ses !rom ALSEP to control 
its internal timing . 

· 
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0 The command func tion accepts ground co mmand pul s e s  from the c entral s ta tion 
data sub sy stem, decod e s  the commands ,  and app1 ies them to the tir:1ing ar.d co ntr 

·
.
function or the meas ur e ment func tion as appropr iate . 

• 

0 

The data har.dling fun c tion ac cepts dig ital and analog data from the o ther func tion_ 
el ements of the exp e r iment, conv e r ts as nece s sa r y, co mmutate s ,  and g a te s  out 
the s cientific and eng ineer ing data to f:he central s tation da ta sub s y s tetr a t  word 
times r equ ir ed by the teleme tr y for ma t of ALSEP c entral s ta tio n .  

Z - Z 09.  CCGE DETAILED FUNCTIONAL D ESCRIP':i'ION. 

The four major func tion s  a nd the t\ ·o add itional func tions of the CCGE are dis­
cus s ed i n  detd.il i n  the following da ta flow s equenc e :  measur e ment fun c rb n, 
timing and co ntrol func tion, command function, data handl ing func tio n ,  power 
function ,  and thermal control functio n . 

2- Z I O. CCGE Measur ement Function.  The mt!a s ur ement func tion (figure 2 - 1 0 1 )  
measur es neutral ato m  d e n s itie s corr eE.pot �lng to atmo sphe ric pr e s sur e s  of 
1 0- 6 torr to approximately 1 0- 1 2 torr . The mea sur ement func tion cons ists of the 

cold cathode ion gauge (CCIG) sensor , ele c trome ter , cul"rent cal ibrato r ,  z ero 
mode calibrator , rang e po c ition analyzer , range t; el ec tor netwo r k, CCIG tempera 
ture senso r and monito r ,  and <:.per tur e seal mechani sm . 

I 
Electronics  in the CCIG sen�or are deflected into elon6ated spiral paths by a c om 
bination of m:1gnetic and electrostatic fields enhancing the probabi lity of collis ion 
with the more numerous ne"t!al atoms entering the sensor. Io . .  produced by thc s  
collisions a r e  collected by the cathode of a pair of sensor ele ctrodes w hich main­
tain the electro�Jtatic field. A +4500 volt de potential is applied to the anode to 
create the electrostatic field. The flow of positive ion cur ren t  is found �o be pro ­
portional to the number density of the gas molecules within the gauge. Therefore 
a minute current flow · . to the input" of the ele ctrometer ampHfier. 

The electrometer cons ' s ts of an inp�t amplifier , sev en po sition s en s itiv ity r angin 
network, offs et compensation network, and a buffer amplifier output. The input 
amplifier measures and conver ts th•:l gauge  input cur r ent to an analog voltag e and 
applies this to the buffer amplifier .l·Utput whkh .provide s the data handl ing func tio a 
with the gauge analog voltage repr es enting the pr imary sci.mti.f.ic data output.  The 
sens it:·.· ity of the measurement is determined by one of the seven poss ible 1·anges 

available from the seven-position a ensitiv ity rant"ting netwc.. "�:"k ,  The network oper­
ates in' fi:Onjunction with the input amplifier to provide: mea o;ur ement sensitivity in 
i�crements of one tenth of an amper� within the mic · .l and micro-micro ampere 
ran�e.  Measurement sensitlvity range one r eprP.sents the lowest  sensitivity (one 

microc&mpere input c:.,tr r ent) and ra ng e  se\·en repres e'lts the highe s t  Sfmsitivity 
(one micro-microampere input current.). Selec tiop of sensitivity ranges  one 
through seven is determined either by external command signals,  or by elec tro ­
meter output· voltages,  and prec ision stepping signal r . The offs et compentlation · 

network is a special function of tr.e electrometer that memor izes  s ignal drift and 
operates in conjunc tion with the t�ero mode cal ibr ator to cor r �J c t  (compensate ) !or 
this drifting . 

Z- Z l  
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The cur r ent cal ibrato r  provide s the elec trometer with a prt  c is ion c ur r ent s ourc e 
for calibrating pur po s e s .  The c ur r ent calibrato r  i s  oper ativ e on r e c eipt o f  a 
calib r a te command from the commat"l.d func tio n a nd a utoma tic. ally after an auto ­
z er o  function.  In th e auto mode , r a n g e  s tepping s ig nal s cau s t.• the electromete r to 
step th r ough the s even s ens itivity rang e s  allowing each r ange to be c a librated with 
r e spect to the precision c u r r ent s ou r c e .  

The z e ro mode c alibr ato r p rovides the ele ctromete r with the c o r re ction s ignal 
nec e s s ary to c ompensate for s ignal d r ift. The ze r o  nwde c alib rator ope rates 
eve ry 3 0  minute s and 55 s e cond& a s  dete rmined by the timing and c ont rol function. 
1 he memorized amount of s ignal d r ift is r ec eiv ed from the offs et  c ompens ation 
network within the electromete r .  Du ring this pe riod the gauge input cu r rent r e ­
lay is  d i s t: onnec ted fr om the elect romete r and after z e r oing compensation re ­
mains dis c on;"tec ted until the automatic c alibration c omplete s the function d e s c r ibed 
in \.he c u r r ent c alibrator parag r aph above . 

The r ange pos ition analyzer cons i s ts of a command and contr ol subfunction and an 
u;:-d own c ompa.rator.  The command and c ontrol subfunction handle s the uprange 
and downrang e c ommands from the c ommand function. When the uprange c om ­
roand i s  pre-ecnt-as a n  input signal to the r ange pos ition analyzer c ommand and 
c ontrol su bfunction the range pos ition analyzer produc e s  an ou tput- s ignal that 
steps the r ange s en sitivity network up one pos ition within the range s elector net ­
work. The oppos ite oc cu r s  when the downrange s ignal i s  present. The u p-down 
compar ator ope rates in a s imilar manne r. When the electrometer output voltage 
r eache s a v alue that i s  e ithe r  to high or too low a diffe r ent range is automatically 
s elected by the action of the up-down comparator. The up-·down comparator p r o­
duces and uppe r - trip-point signal or a lowe r - trip- point sig nal that r e s ults in an 
up - s ignal o r  down - s ig nal to the range s elector network and eventually producing 
a c o r r e s ponding s e ns itivity range change. 
The rang e  s e lector network cons i s ts of a s e r ie s  of c ounting registe r s  which track 
the s even sensitivity rang e s  and generate the step pul s e  that change s the elec t r o­
m e te r  measur ement s ens itivity r ange either one s te p  up or one s tep down. The 
output s i gnal of the range s elec tor network is applied to the rang e r elay d river s .  
The range r elay drive r s  produce the r equired c u r r ent magnitude to actuate the ap.­
p t  opriat e  r ange relay within the electromete r and effect the s ens itivity r ange 
change . 

The CCIG temperatu r e  s ensor ope rates in conjunction with the temperatu re 
monito r  function to produ c e  the gauge tempe ratu r e  analog voltag e  which is s ent to 
the data handling function for data proc e s s ing. The s ignal d eveloped a c r o s s  the 
transdu c e r  is applied to the tempe r atu re monitor fo r s ignal conditi oning and sub­
s equent applic ation to the data handling function. 

Two s cience data · analog v oltage l ines go directly to the c entral station d ata sub­
syptem via the data handling function to ins u r e  rec eipt of electrometer gal.ge out­
put data aud range data in c a s e  of digital electronic logic c ircuit failu re.  

. . . 
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A break s eal command from the command function operates the aperture seal 
mechanism to remove the s eal from the CCIG orifice and expose the CCIG to the 
lunar atmosphere.  The s eal is removed by an explosive actuated piston releasing 
a spring which normally holds the s eal over the ape rtu re.  

2. - 2 1 1 . CCGE Timing and Control Function. The timing and control function ( Fig ­
ure 2- 1 02)  provides timing and control signals to the measurement , command , and 
data handling functions . Basic timing is  received from the ALSEP data subsystem 
in the form of shift, data demand, and frame mark, pulses  to the logic  timing of 
the multiplexer controller. Command pulse s from the command function are the 
othe r inputs to the timing and control fur.ction. The timing and control function. 
The timing and contr ol function consists of t�e frame mark counte r,  shift pulse 
counte r,  m:ultiplexe r controller,  uata transfer s equence r, houseke eping submulti ­
plexer, CCGE wo rd counte r, zero mode timer, and range calibration stepping 
time r .  

The frame mark c ounter and shift pulse  counter track the basic timing from the 
central station data subsystem. The output of the frame mark c ounter ope rates in 
conjunction with the data demand puls e to establish the o rigin point for subsequent 
CCGE word events.  The output puls e s  of the shift puls e  counter operate du ring the 
data demand pulse  period to establ ish the origin point of CCuE bit events. 

The multiplexer c ontrolle r is  the primary time r eff. rence distribution and s tatus 
r eporting function. The multiplexer controller  e stablishes tiJ::ning control s ignals 
within each data frame to ,pe rform analog- to-digital conversion and data fol"matting 
for ALSEP telemetry frame correspondence. Frame mark, data demand , and 
shift pulses  are distributed to the appropriate circuits to accomplish thes e  functions. 
Commands that are received and decoded by the command function are applied to 
the multiplexe r controlle r to contl"ol the ope rating modes. The state of all the 
timing and control functions is  recorded by registe r s  and r eported as  control data 
to the data handling function for incorporation into CCGE word one . 

The data transfe r s equenc e r  tracks the ALSEP shift pulse s  and applies the s ignal 
condition..:d shift pulses  to the data transfer register for synchr:onized storing , con­
verting 1 transfe r r ing 1 and clearing of binary data. 

The hou sekeeping submultiplexe r in conjunction with the CCGE word counter 
ope rate to control the subc ommutation of four diffe rent types of engineering data 
into CCGE word !ive. The CCGE counter gene rates a pulse  afte r ac cumulating a 
total of five data demand puls es .  This enable s the housekeeping submultiplexe r to 
identify the fifth CCGE word. By counting frame mark puls e s , the housekeeping 
submultiplexe r can r elate ;he appropriate type of engineering -:lata to eac:h re­
occurring CCGE word five and the r efore account for all fou r types of engineering 
data at the required time. The housekeeping submultiplexer gating and status sig­
nal are sent to the data handling function for implementation and identification of 
enginee ring data subcoinmutation events related to CCGE word five. 

2. - 22.0 

t 



if 

· i  ;j • 

i 

1 
j t· t 1 t 

- -- ..,._ - �- -------�-------... ---....:...-�. 
I : 
:1 i 

---------- . - ·- - - ·  ---

I ' 
___ _ _  ..,......_ 

!""'., . 
· eM<' · t .. ec-:' l Ltrfiwrto •tstn'> i'tt 'Onirt rrxs n tb · t' U''=* ro#' 'l'M:it d'4rt u Wbth:l!fh a·t'ti¥bni9� *Is+ ,; ' . .a •• , � 

��.....,.ot· )Jrt.-c-...... ••..,_ � f I I IIi ·�·�......_ ...... .:..-.,...• .-.......... _._ ,. ..., _ _  ,, _. .... ._,. .... 

N 
I 

N 
N -

0 

TIMING 
S IGNALS 
FROM 
CtNTRAL 
STATION 
DATA 
SUBSySTEM 

FROM 
CO�oiMAND 
FUNCTION 

• • .& • 

SHIFT PULSES DATA SH 1FT PULSES : 
TRANSFER 
SEQUENCER 

r - FRAME 
MARK · 

MARK COUNTER 
FRAME MARKS HOUSEKEEPING GATING AND 

SUBMULTIPLEXER STATUS S I GNALS ..... 
MULTIPLEXER DATA DEMAND CCGE WORD ADDRESS STATUS l""�' CONTROLLER PULSE 

WORD -
COUNTER 

CONTROL DATA STATUS 
SHIFT 

SHIFT 
PULSE FRAME ZERO MODE COMMAND 

PULSE 
COUNTER MARKS 

l r UPRANGE COMMAND RANGE 
MANUAL CALl BRATE ._.... ZERO MODE CALI BRATION 

RANGE STEPPING 
·'- T IMER S IGNALS 

MANUAL RANGING MODE COMMAND STEPPING TIMER 

I DOWNRANGE COMJV.AND AND BRFAK SEAL COMMANDS 

AUTOMI\TIC �ANG lNG MODE COMMAND t 

Figure 2.- 1 02.. CCGE Timing and Control Function, Bloc k  Diagram 
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The zero mode time r accumulate s the ALSEP frame mark count. When a 3 07 2  
A LSEP frame ma rk count is  obtained (corre sponding to  3 0  m.in and 5 5  sec  of 
A LSEP ope ration}, the zero mode command signal is generated to initiate the 
ze roing and automatic calibration of the ele ctrometer ope rating in the measure ­
ment functi on. The command inhibits the gauge cur rent ente ring the electromoter 
amplifying cir cuit s o  that calibration curr ents can be inse rted in lieu of the gauge 
current. The zero mode command takes precedence ove r all othe r command s .  In 
addition, the zer o  mode command initially inhibits the range calibration stepping 
time r,  and afte r 10 seconds,  provide s an enable pulse. The range calibration 
stepping timer ,then ope rate s to provide precision timing pul s e s  in the form of 
range stepping signals to allow calibration of the ele ctromete r in all s even mea ­
surement sensitivity ranges.  The range calibration can also be activated b y  the 
manual ranging mode command, allowing extended calibration in any de sired 
range . The down range command has a s econdary function which :.s to activate 
the squib which pl�ases  the gauge dust cove r.  This is a 1 1one tirne 1 1  e vent. An 
uprange command prior to the downrange command may be r equired after experi ­
ment turn on to set the circuitry into the correct state. 

2 -2 1 2. CCGE Command Functicn. Five command line s are  provided from the 
ALSEP data subsystem to the CCGE (F-igure 2 - 1 03 ). The uprange, calibration 
mode set, manual mode, downrange, and automatic, operate mode commands are 
re ceived from the MSFN ground stations through the A LSEP data subsystem, de ­
coded, and applied to the CCGE command function. The command function e stab­
lishe s the operating modes in c onjunction with the timing and control function to 
pe rform range changing, calibration, and data measurement. 

The range changing r.1.ode i s  s elected by the Uprange or Downrange commands 
in the manual mode of operation. The manual mode can be sele<.ted for eithe r 
s cience or calibration data.  The manual mode command also provide s the clock 
pulse to the range counter for eithe r up o r  down range operation, changing the 
range by one step in the required direction upon command transmission. There 
are : �ven sensitivity ranges available for sele ction by the uprange and downrange 
commands. 

The calibration mode of operation is  initiated by the calibration mode set command 
or by the zero mode command in the auto mode of operation. The calibrate com­
mand sets the logic to the manual mode of operation. The zer:.J mode command 
signal take s prec.

edence ove r  all other commands, and through the command mode 
inhibitor, locks out tho functioning of the command mode decoder while allowing 

(- � 
the automatic calibration cycle to occur within the electrometer . 

, � The data =neasurement mode s of operation occur either � n  the automatic operate 
mode or the manual mode. In the automatic operate mode the range counter steps 
between ranges as  dete rmined by the Up-Down comparator in conjunction with the 
Range counter: The stepping between range s occur at 1 0 second intervalu whe n  a 
change of more than one range o ccur, eg during the calibratlon cycle after ze roing 
in the man:J.al mode the range is determined by ground command • 

2 - 222 
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2. � 2 1 3. GCGP. Data Handling FunC'tion. � The major elements of the data hamlling 
function (Figure 2 - 1 04 ) are the analog multiplexe r , analog - to- digital conve rte r , 
and the data transfe r register. All o! the data handling functional elements 
ope rate to apply science and enginee r ing digital data to the data transfe r registe r 
for transmittal to the central station data subsystem and subsequent downlink 
transmiss ion to" the MSFN in a digital word format. 

Science data , engineering data , mode data , range data, and control status data 
from all othe r CCGE functions are applied to the analog multiplexe r for subse ­
quent commutation. The s equence o f  commutation is dete rmined b y  the multi­
plexer controlle r ope rating in the timing and control function. 

Us ing the analog voltage from the analog refe rence s ource and the analog voltage 
from the analog multiplexer ,  the analog-to-digital converte r  pe rforms a bit by bit 
succe s s ive approximation conversion of the analog data from the multiplexe r and 
applie s the resultant digital data to the data transfe r registe r. The conversion 
time requires ten s hift pulses or one data d�mand period prior to being shifted out 
to the central station. The eight bit data measurement is shifted out with the most 
s ignificant bit first , followed by two bits of data identification and control data in­
formation from the multiplexer controller located in the timing and c ontrol func ­
tion. 

The data transfer register provides data storage du r ing analog-to-digital conver­
s ion and data transfer during the ALSEP data demand period. The digital data 
output is composed of 1 0  bits that are serially t ransfer red at the shift pulse  bit 
rate during the appropriate ALSEP demand per iod. 

The re are five CCGE words alloted for every ALSEP telemetry frame. CCGE 
words one through five correspond to ALSEP words 1 5 ,  3 1 ,  47 , 56, and 6 3 , re­
s pectively. This relationship exists for  every ALSEP frame. Each word is  com­
pos ed of ten bit s.  CCGE word one will occur in all ALSEP frames as a control 
word containing six paramete r s .  The s e  a r e: two bits of CCGE word identification, 
one bit identifying zero mode, one bit identifying calibrate or operate mode , two 
bits identifying the submultiplexing status, one bit identifying the automatic or man­
ual mode , and three bits identifying the s ensitivity range of the electrometer 
measurement. Gauge output scientific data (Eight bits to CCGE word 2) ,  Gauge 
tempe ratu re e�gineering data (Eight bits of CCGE word 3 ) ,  and Package tem­
peratu re engine ering data (Eight bits of CCGE word 4 ) ,  will occur in eve ry ALSEP 
fratfle with two bits a s signed to each word for word identification. The +4500 volts 
de dngineering data , + 1 5  volts de enginee ring data , - 1 5  volts de enginee ring data , 
and the + l 0 volts de engine ering data will be subcommutated into CCGE word five 
(eight bits ea ch)  during five succes s ive ALSEP frames. Since CCGE word 5 w ill 
occu1· every ALSEP frame , the hous ekeeping submultiplexer in conjunction with 
the CCGE word counter will kPep t rack of this timing relationship and insert two 
identifying bits in CCGE word. · The hous ekeeping submultiplexer will count ALSEP 
frames and relate this to cc;:aE word counts to identify the correct subcommutation 
time fo r the corresponding one -of-fou r CCGE hou sel-.e Clping engineering dat1l. mea s ­
ur ement time s .  This  subcommut�tion cycle win r epeat itself after four completed 
ALSEP frame s.  

2 - 2 24 
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2 - 2 1 4 . CCGE Powe r Function - The central station powe r di stribution unit pro -
vide s  the 2 9  volts de ba sic  ope rational power for the CCGE. In addition, a sur - (.) vival l ine is applie d  to the CCGE to maintain heate r power in the event that the v�-"' 

CCGE inte rnal electronic s i s  turne d off. The powe r requi re:.t1ents of the C CGE do 
not exceed a powe r c onsumption of two watts for normal operation and do not ex-
ceed five wa tts power cons um ption when the the rmal control function is ope rating 
during the lunar night. The major c omponents of the power func tion consists  of 
the low voltage s upply, high voltage s upply, and the voltage re gulator (Fig -
ure 2 - 1 0 5 ) .  All three major  c omponents apply status data to the data handling 
function. 
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Figure 2 - 105 .  CCGE ::'ower Function, Block Diagram 
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The main pCswer supply is  a low voltage power supply that der ives its input power 
( 29  volts de; .a.2o/o and -5%) from the central station power distribution unit and dis ­
tributes CCGE operational power to the high voltage supply, voltage regulator,  and 
all other functional logic electronic circuits in the CCGE. 

The high voltage supply doavelops a +4500 volts de and applie s this potential to the 
anode of the cold cathode ion gauge aensor in order that the electrostatic /magnetic 
field be maintained across the. CCIG sensor electrodes for particle measurement. 

The voltage regulator develops a constant plus 10 volts de and applie s this poten­
tial to the data handling function as a reference voltage for analog -to-digital con­
ver sion and the same potential applied to the electrometer i s  used as  a source 
calibration voltage . 

Z - 2 1 5 .  CCGE Ther mal Control Fu:1ction. The major functional elements of the 
thermal control function (Figure 2 - 1 06) are the heate r ,  heater control circuit, 
package temperature sensor, and electronic monitor.  
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Figure 2 - 1 0 6. CCGE Thermal Control Function, Block Diagram 

The heat'n functional elem�nts are the heate r and heate r control circ uit. The 
heater comprises two wir a mesh heater strips c ontrolled by a c ircuit with an input 
signal from a temperatul·e sensing elemen.t. The heate r control provides an on/ 
off signal to the heat6...- elements.  

The package temperature rr.onitoring function comprises a package temperature 
sensor and ele..:tronic monitor.  The sensor is a thermistor used to measure the 
CCGE internal temperature and apply a proportional electrical signal to the elec ­
tronic monitor . The s ensor signal is conditioned by an operational amplifier and 
applied to the data handling function for status reporting and. to the heater control 
circuit for initiation of heate r -on and heater -of£ events • 
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0 2 - 2 1 6. APOLLO LU NAR HAND TOOLS (ALHT) SUBE' "i:, TEM 

.. 

0 

The ALHT subsystem is a collection of equipm ents which w ill be u s ed by the astra 
· naut to perfo rm lunar surface obs e rvations and to c ollect l unar mate r ial s ampl e s .  

2 - 2 1 7 .  ALHT DESCRIPTION 

The A LHT Sub system c onsists of a �;�_ r rier and various tool s ,  instruments , and 
othe r s pe c::i.alized equipment. The carrier is a metal framework des igned to hold 
the equipment. During the flight from the Ea rth to the Moon, the carrier  is 
mounted on subpackage No. 2 and contains a s c oop, a brush/ s c r ibe r / hand lens , 
and a s taff. The c a.rrier and mounted itemn are about 1 6  inche s long , 1 8  in<:hes 
high, and six inche E. wid e .  The r emainder of the sub system t"quipment is stc,wed 
elsewher e  m the lunar module during the flight .  On r eaching the Moon, an a st :" onaut 
will desc end ·fr om the lunar module, open the lunar n1.odule s c ientific equipment 
b;:o.y, release the A LHT S,�b system c ar r ie r  from the subpackag e ,  tran s port the 
car r ie r  s ome d istance from the lunar module , unfold the c a r r i e r ,  and t;et the 
carrier  on the lunar rmrfac e. The equipmeut c an then eas ily be r emoved from o r  
rep1accd �m the carrier a s  required. 

The ALHT equipment c an be c la s s ified into thr e e  categories ;:tcc ording to function 
a s  follows : 

(a) Oeo�ogic s ampling tools 
(b ) Surveying and photog r a phic ins truments· 
(c ) Support and auxiliary equipment. 

The ALHT equipment is listed and de s cr ibed in Table 2 - 3Z  and illustrated in 
J:t"igu res 2 - 1 07�  2 - 1 08,  and 2- 1 09. 

Whe r e  pos s ible,  the tools a r e  anodizec! tc minimize heat abs or ption !r om s olar 
r adiation� Individual tools which a r e  made up o! ::. ev eral pa rts or which rr ate with 
other tools a r e. coded to facilitate a s s embly. 

Table 2 - 32 .  A pollo Lunar Hand Tooh 

Tool Nomenclature Description am.' Function 

Geologic Sampling Tools 
" 

Aseptic t:ollection device This tool is designed to take a small sample of 
granular mat erial or material of low Atructural - . .  shength 'from six inches below the lunar surface 

. . .  . without expos ing the sample to c ontamination . 

Extension handle This tool is of aluminum a lloy tubing with a . malleable , &ta inless steel cap des igned to be 

. . . 
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Table Z - 3 Z. .  Ap'lllo Lunar Hand Tools ( c ont ) 

T ool Nomenclatu r e  

Ext�ns ion handle ( c ont . ) 

Thr ee c or e  tubes 

Scoop 

Sampling hammer 

� -Z30 

Descr iption a::1d Func tion 

u s ed a s  an anvil surface .  The handle \s rle signed 
to be used as an extens ion for sevt, ral tJther tools 
<.nd to permit their use without requiring t' c 
a stronatlt to k!leel or bend down. The handle i.s 
approximately 2.4 inche s  long and one ir.ch in dia ­
mete r .  The handle contains the female half of a 
quick-disconnect fitt ing de s ig ned to resist c om ­
pre s s ion, tension, tor s ion, o r  a c ombination of' 
the s e  load s .  Also inc orpo rated a r e  a sliding T 
handle at the top and an internal mechanism 
oper ated by a r otating sleeve which is used with 
the a s eptic c ollection dev.' � e .  

The s e  tubes a r e- de s igned t o  b e  driven o r  augured 
into loo s e  g ravel, sandy mater ial, or into s oft 
ro'=�-: such a s  feather r ock or purr.ic e .  They are 
about 1 5  inch e s  in length and one i r1 . h  in diameter 
and are made of aluminum . Each tube is sup­
plied with a r emovable, non - s e r rated cutting 
edge and a screw-�.>n cap which replac e s  the cuttin6 
edge . The upper end of each tube is s ealed. and 
de s igned to be u 3 ed with the extens ion handle or 
a s  a� anvil . Inc ot'porated into each tube is a 
device to retain loo s e  materials in the t,:�e . 

The sc oop is fabr icated primarily of aluminum a nd 
ha s a r iveted - t>n, hardene d - steel cutt ing edge and 
a nine - inch handle . A malleable stainle s s  stt'el 
anvil i s  on the end of the handle . The s c oop is 
eithe r b y  it self or. with the extensi !ln handle . 

This tt>ol se rve s three funC" Hon s ;  as a sampling 
hammer, as a pick or mattock, and · '  ..i 1:1. hc.mme r  
t o  drive the core tube s  o r  scoop. The head has a 
small hammer face un one end, a broad horiz ontal 
blade on the oU r, and la rge hamme r ing flats on 
the siJes .  '".i.'he handle is fourteen inche s long and 
is made of formed tubular alur. :num. On its 
lower end, the hammer ha s a quick -di sc onnect to 
allow attachment to the extension handle for use a s  
a hoe. 

• 
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Table 2 - 3 2 .  �.pollo Lunar Hand T ool s ( c ant 
Tool No.menclature I 

Tong s 

B rush/Scriber /Hand Lens 

Spring scale 

De script ion and func tion 
The tongs are de signed to allow th e a str onaut to 
r.:. tr icve small sample s f r om the lunar s u r fa c e  
while in a standing position . .  The tine s are  of 
su•.l-.t angle s ,  length, and num.ber  to allow sam­
ple s from 3/8 -inch diameter  to t.. 1 /2 -inch 
diameter to be picked up. This tool is 26 1 /2 -
inche s  i n  ove rall length . 

A composite tool 

( 1 ) Brush - To clean samples  prior to selection 
(2 ) Scriber - To sc ratch samples for selection 
and to mark for identification 
( 3 ) Hand lens - Magnifying glass  to facilitate 
sample selection 

To weigh luna r material samples to mai ntain weight 
budget for return to Earth. 

Surveying and Photographic Instruments l 
Instrument staff 

Gnomon 

C olor chart 

The staff provides steady support for photography . 
The staff breaks down into two sections . The 
upper section telescope s to allow generation of a 
vertical stereoscopic base of one foot for photo­
graphy. Posi�ive stops are provided at the 
extreme of travel .  The bottom section i s  avail ­
able in two lengths to suit the staff to astronauts 
of varying sizes . The device is fabr icated from 
tubular aluminum. 

This tool c onsists of a weighted staff suspended 
on a two -ring gimbal and supported by a tr ipod . 
The staff extends twelve inches above the gimbal 
and is painted with a g ray scale .  The gnomon is 
used as a photographic reference to indicate 
vertical sun angle and scale . The gnomon has a 
required accuncy of vertical indication of 2 0  
minutes  of arc .  Damping i s  incorporated t o  
reduce oscillations . 

The c olor chart is painted with three primary colors 
aJld a gray scale . It  is used as a calibration for 
lunar photography. The scale is mounted on the tool 
carr ier but may eas ily be removed and returned to 
Earth for reference .  The color chart is s ix inches 
in size.  

2 - 2 3 1  
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Table 2. - 32. .  Apollo Lunar Hand Tools (c ont ) 

Tool Nomenclature De s c r iption and Function 

Support and Auxillia ry Equipment 

T ool car rier 

Field sample bags 

C ollection bag 

' . .  

2. -2.32. 

The carrier is the stowage c ontaine r for s ome 
tools during the lunar flight. After the landing, 
the car r ier s e rv e s  as support for the sample 
bags and sample s and as a t r ipod ba s e  for the 
instrument staff. The carr ier folds flat for 
stowage . For field u s e, it open s  into a triangular 
c onfiguration . The carr ier is c onstructed of 
formed sheet aluminum and appr oximat e s  a tru s s  
structure .  Six- inch legs extend from the car rier 
to · elevate the carrying handle sufficiently to be 
easily grasped by the astronaut. 

Approximately 7 0  four inch by five inch bags are 
included . in the A LHT for the packaging of sam­
ples .  Thes e  bags are  fabricated fr om Teflon. 

This is a large bag attached to the astronaut ' s  
s ide of the tool carrier.  Field sample bag s  are  
stowed in  thi s  bag after they have been filled. 
It can also be used for g eneral storage or to 
hold items temporarily. 
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2- 2 1 8 .  A PO LLO LUNAR SURFACE D RILL ( A LS D )  

Th e  Apollo l unar s ur fa c e  d r ill ( A LS D )  is u s ed to prov ide a me ans for a n  a s tronaut 
to implant heat flow temper a ture probes b elow the lunar sur fa c e  a nd to col l e c t  s ub ­
surfa c e  c o r e  ma te r ia l . ( Figur e 2- 1 1 0) .  

TI1e A LSD i s  d e s ig ned a s  a to tall y in teg r a ted s y s tem which inte rface s with the 
A LSE:P pal l e t  located in the LM dur ing tr a n s it from ear th to the moo n ' s  sur fac e .  
The d r il l  and a s s o c ia ted a s s en•bl i e s  can b e  r ernov ed a s  a s ing l e  pac kag e fr o m  the 
ALSEP pal l e t  a nd tr a n spor ted by the a s tro naut to the s e l e c ted dr il l ing s ite for sub­
s eque n t'a c; s embly a nd oper a ti o n .  The ALSD po s s e s s e s  the capab il ity o f  dr ill ing in 
lunar sur face ma ter ial s r a ng ing fr o m  l ow dens ity, fr agmental ma ter ial , to de n s e  
basal t .  

Implan ting the temper a tur e pr o b e s  r equir e s  d r il l ing two hol e s  to a maximum d ep th 
of thr e e  meter s .  The hol e s  a r e  cas ed to p r event c av e - in a nd to fac il i ta te in s e r ­
tion o f  the prob e s . Subs ur fa c e  c o r e  ma te r ia l  r e sul ting from the d r il l ing opera tion 
of the fir s t  hol e  w il l  be r emov ed fr o m  the dr ill s tr ing and d is c ar d ed . The sub­
sur fa c e  core mater ial r e sul ting fro m  the s econd hol e will be r e ta ined in the d r il l  
s tr ing and r e tur ned to earth i n  the s ample r e tur n container . 

2- 2 1 9. ALSD PHYSICAL DESCRIP TION 

The A LSD is a hand - held batte r y - power ed , r o ta r y  pe r -:u s s ion d r il l  c o n s i s ting o f  
four major elements

'
; a ba ttery pack, pov. .! r  head , dril l  s tr ing , and a c c e s sory 

gr oup ( Figur e 2 - 1 1 1 ) . Tab l e '
Z- 3 3  prov id e s  l ead ing par ticular s of the Apollo lunar 

sur fa c e  d r il l . 

2- 2 2 0 .  ALSD Ba tte ry Pac k .  The batter y  pac k  provid e s  the power ne c e s sary for the 
lunar surface dr ill ing mis s io n .  The ba tte r y  pac k  compr i s e s  a ba tter y c a s e ,  bat­
ter y  c ell s ,  power sw itch , the r ma l  s hroud , a nd handle a s s P.mbl y .  

The b a ttery c a s e  i s  a mag n e s ium al loy e nclo sur e with a pr e s sur e rel ief valv e ,  
el ectr ical r e cepta c l e ,  a nd power switc h .  Integral with the ca s e  a r e  brackets for 
s ecur ing the c a s e  to the power head and the por tabl e hand le a s s embly . The ex­
ter nal sur face of the c a s e  is coated for a high r a tio o f  thermal emi s s iv ity- to ­
absorptiv ity to control the b a tte r y  te mper -'l tu r e  profile dur ing lunar s urfa c e  ope r ­
atio n .  The c a s e  mater ial shields the ac tiv e c ir cuit el ements a nd conduc � r s  to 
co ntain po tential e l e c tromag ne tic in terfer e nc e .  

The ba tte r y  ha s 16  indiv idual cell s a nd op erates a t  a nominal output o f  2 3  :!:: 1 vol ts 
de at 1 8. 75 amper e s  for 40 minutes . Each c ell is con s tr uc ted with a s ilv e r ·  oxide 
pr ima r y ,  zinc s econdar y, and e nca s ed in a high temperatur e  plas tic . The bat­
ter y  c e l l s  are a c tiva ted by fill ing each cell with an electr olyte dur ing the pre­
launch operation s .  

The power s·witch is a s ing l e - po l e ,  s ingl e - throw ,  heavy- duty, micro switch w ith a .  
push- to - ac tivate mechanism. Tile switch po r tion o f  the a s s embly is contained by 
the batter y  ca s e  with the pu sh- to - ac tiva te mechanism pr o truding through the (;a s c  
for ex ter nal opera t.io n .  

2-: 2 3 7  
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Table 2- 33 .  ALSD Leading Par ticular s 

Character istic 

Battery A s s embly 
Silve r - z inc c el l s  
Open c ir cuit vol tag e 
Operating vol tag e 
Nominal opera ting cur r ent 
Nomina l power capac ity 
Ac tivated s torag e l ife 
Recharge capability 
Dry s torage l ife 
Elec trolyte 

Cell pr e s sur e  
E CS {case)  pres sur e 
Weight 

Power Head 
Motor 
- Operating voltage 

Load speed 
Load cur r ent 

. Efficiency 
Per cus sor 

Blow rate I 
Ene r g y  per blow 
"Spring energy I I 
Effec tive hammer we .. g ht 
Hammer velocity 

Power Train 
Mo tor - to - cam ra tio 
Mo tor - to -drive shaft ratio 
Dr ive shaft speed 
Blows per b it revolution 

Weight .__,_ Dr ill String As s embly 
Integrated leng th 
Extension tube leng th  
Dr ill bit 

Cutting d iameter 
Body outside diameter 
Body ins ide diameter 
Length 
Number cf car bide cutter s 
Ins ide cutting (cor � )  diameter 

Weight 
' 

Hol e  Ca s ing Sleeve ( 1 2.) 
Wall Thic kn e s s  
Leng th 
Nominal diameter 

2- 2.40 

Value 

1 6  
2 9 .  6 :t 0. 5 vdc 
23 . 0 ± 1 vdc 
� 8. 7!J ""-l.mper e s  
3 0 0 w ... ,t-hour s 
3 0  days 
3 cycles  
2 year s 
40fo po ta s s ium hy -
droxide • 

8 :t 3 psig 
5 :t 0, 5 p s ig 
7.  Z4 pounds 

Z 3.  0 :t 1 vdc 
9300 rpm 
1 8. 75 amper e s  
70% 

2.2.70 bpm 
39 inch- po unds 
2.40 pound s / inch 
0. 66 1 pound s 
2. 1 3  inche s / s econd 

4.  1 
3 3. 1 
2.80 rpm 
8.  1 
8. 37  pounds 

1 26 inche s 
16 .  75 inche s 

1 .  032. inch 
1 .  00 inch 
0. 802. inch 
2.. 5 1nche s 5 
0. 752. inch 
3. 49 pounds 

0 .  02.5 inch 
2.2 inche s 
1 .  0 inch 
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The thermal shroud, fabricated predom inately from aluminum alloy sheeting , 
prov ides  batter y temperature compensation dur ing temporary lunar s towag e under 
the combined effects of minimum temperatur e ( 20  deg r ee s  F) and l.ow sun angle s 
( 7  to 2 2  de'gr ee s )  above t."IJ.c lunar hor izon. The shroud will be remov l�d from the 
ALSD at sun angle s higher than 22  degree s above the hor izon.  Under all sun angle 
condition s ,  the shroud will be r emoved when the ALSD i"> used to perform the 
dr illing mis s ion .  Removal is performed by pulling a relea �:; e  lanyard.  The ther ­
mal shroud wil l  always be ins talled on the battery cas e  dur ing the trans- lunar por �  
tion o f  the mis s ion and a t  specified sun angJ es  when the ALSD i s  undergoing tem­
porary lunar s towag e . 

The handle a s s embly provides  the a s tronaut with & means of  manual restraint and 
ALSD motor control . The handle a s sembly compr ises  the handle and the switch 
actuator a s s embly . The handle enable s the a s tronaut to provide the rotary re­
s traint and axial force r equir ed for dr illing . The switch actuator a s s embly con­
tains the fail- safe controls for operating the power head motor . The handle a s ­
sembly is attached to the battery case  by fixed and spr ing-loaderl loc k  pins . 

2.- 22 1 .  ALSD Power Head . The power head is self-contained within a housing 
which interfaces with the battery and drill s tring . The power head comprises a 
housing, motor armature ,  power train, clutch a s s embly, percussor , shock ab­
sorber , output spindle ,  pre s surization sys .tem, and a thermal guard shield . 

The housing consists pr edominantly of three magne: ium alloy castings mated to­
gether by externally sealed . flanges thr eaded for socket head screws . The interr al 
sur faces of the ca stings ar e impr egnated with a polyester resin sealant to prevent 
leakage through the wall s .  

The motor armature i s  a nominal 0 .  4 hor sepower , brush-commutated, direc t­
current, dev ice employing as its field a permanent magnet. The armature is 
wound with copper wire protected by high .temperature insulation . The motor 
pos ses ses a peak efficiency of approximately 70 percent when operating at its 
nominal 9, 300 rpm at an input voltage and current of 23 volts de and 1 8 . 75 
amper es, respectively. A reduction gear couples the output shaft of the motor 
armatur e to the power train . 
The power train cons ists of reduction gears  which provide the proper rotational 
speeds for the percus sor cam gear and output drive spindle of 2270 blows per 
minute and 280 revulutions per minute, respectively . 

The clutch assembly consists of a metal disc emplaced between two bronze discs .  
Friction between the discs is maintained by a preloaded spring . The clutch as­
aembly is in serie s  with the power train behind the final output drive gear . The 
clutch assembly limits the reactive torque load to a le\•el which can be sa!ely con­
trolled by the astronaut. 

The percussor converts the uniform rotary output motion of the power train into 
pulsating , high energy, short duration, lir oar impac::t, blows whic::h are delivered 
to the output spindle. This action is accomplished by a rotating cam riding against 
a spring- loaded cam !ollowEir which is an integral part  of the percussor . 

Z-Z4 1 
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The sho c k  absorber consis ts of a tel e s coping , tif-an ium, tube element (internal to (' and conce ntr ic with the per cus sor spr ing ) r e s trained by the center hous ing . When _j 
the end of the sho c k  absorber is impac ted by the per cus sor hamme r ,  the titanium 
tub e elements exte nd under tension thus dis s ipa ting the pe rcu�; sor energ y into heat. 

The output spindle contains a female double l e�d thr ead ,  one r evolution per inch 
pitch, which mate s inter chang eably with any dril l  s tring exte11s ion tube and hol e  
cas ing adapter .  Visual ro tation ind ica to r s  ar e painted on the output spindle to 
s erve a s  a pos itive means of determining drill s trkg rotation. 

The pr es surization system ma intains pr es sur e ir.tegr ity within the power head 
hou sing through the u s e  of e ight s tatic seal s ,  one l inear bellow s dynamic s eal , and 
two rotar y dynamic seal s .  'l'he s tatic s eals are employed betv..·een the thr e e  
housing s ec tions ,  front end s ec tion,  and the var ious components such as the con­
nec tor , p r e s sure relief v�lve ,  and lubrication ports . The lubr ica ted dyn� mic seals 
are employed with the output spindle . Internal pre s sure of the power head is co n­
troll ed by a 1 0  (± 1 ps i) relief valve . 

The thermal guard sh.i.eld cons ists of a wire cage mounted to the external surfac e 
of �he power head . The shield is used to prev.:;nt damage to the a s tronc..ut' s suit 
whe n a c c identally brushing against  the power head which may have a terr.,t�era ttlr e 
exc eeding +ZS O  degr e e &  F. 

Z- 2 2 2 .  ALSD Drill String . The d.rill s tr ing provides  the cutting c apabil ity requir ed 
for coring the hole in any lunar surface mater ial which may be ,.: �countered rang ing 
in hardnes s  from dense basalt to unconsolidated conglomerate . The dr ill s tr ing is 
comprised o! a core bit and eight extension tubes .  

I 

The core bit is composed of five tungsten- r.arl.. ide tips which are brazed into a 
steel body and .functions to provide the rock cutting capabUity of the drill s tring . 
Four helical flutes are machined into the outer diameter of the bit body . The 

!lut� s .  or ramps,  transport  the rock cuttings from the face  of the cui;ting tips up­
ward to the double flute system of the extension tube s  ;� nd subsequently to the sur ­
fac e ,  Coupling '!f the cor e  bit to the extenaion tube s ic. accomplished by doubl'3 
acme- type male threads machined into the extens ion tubes and cor e  bit. 

The eight extension tubes provide the mechanica: coupling to transmit the rotary­
percus sive  energy from the power head output spindle to the core bit . Dur ing nor ­
ma l dr illing operations,  the extension tube&  are  added in groups o f  two as  the dep i:h 
of the hol e increases until the full depth of three meters is attained . 

Z- 2 2 3. ALSD Acc
.
es sory Groue. The acces sory group comprises extens ion tube 

caps ,  hol e casings ,  hole casing adapter ,  rack as sembly, tr•�adle assembly, and a 
wrench. 

The extens ion tube caps are fabr icated from teflon and are ins talled on each end of 
the extension tubes alter completion of second hole  dr illing . The caps pr evE.nt lo s s  
o f  core matc. r ial from withi.a' the extens ions d<.1r ing stowag e in the sampl e r eturn 
container (SRC) for. the ear t� retur n flight.  . . . 

2-2.42. 
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Hole casing s ar e employed by the a s tronaut o n  the lunar sur face when the hole i s  
dr illed in unconsolida ted mater ial which tend s  to cav e - in after r e tractio n o f  the 
d r ill s tr ing . Twelve hole cas ing s e c tio ns are r equir ed for the two , 3- meter hol e :; . 
The casings ar e fabr icated from contim•ous filament, gla s s  fab r ic ,  epoxy la mi­
nated tubes . The cas ing s a r e  a s s embl. �d in g roups of two and power driven into l.h c· 
pr e-dr illed hol e with the pow er head . The fir st  casing o f  each a s s embly inco r ­
por ate s a clo s ed tip o n  its forward end which pr events entry of cor e mater ial. 
clur ing the emplacement proce s s .  The continuous 0. 875 inch ins ide diameter of th{· 
el":'lplaced hole  .:asing per mits rapid ins er tion of the HFE prob e .  

The hol e  cas ing adap ter , made o f  titanium· with one end that mate s with the hole 
cas ing s and the o ther end mating with the power head, is used to sequentially 
couple the double sections  to the power head dur ing the casing emplacement pro ­
c e s s  . 

The rack a s s embly is made of magnes ium alloy and provide s basic r es traint '- r th e  
twelve hole  casing s ,  wr ench, and handle a s s embJ y within the A LSD a s s embly , to w ­
age mode dur ing the outbound transtunar pha s e  o f  the mis s ion.  On thP. lunar s u r ­

face ,  the rack is deployed into a tr ipod configur ati,m which provides vertical stow­
age for the cor e b it, extens ion tub e s ,  and hole cas il'g s .  

The tr eadle a s s embly is primar ily aluminum alloy sheeting and provide s struc tural  
r es traint for the rack as sembly and battery power head a s s embly dur ing outbound 
mis sio n s towage on the ALSEP subpackag e .  On the lunar sur face,  the tr eadle 
a s s embly dr ill s tr ing lo cking featur e is used in conjunc hon with the wrench fo r u n­
coupling extension tube joints dur ing pha s e s  of the dr illing operation ,  

The wr ench i s  a multi-purpo s e  tool employed to perform four functions : ( 1 )  de­
couple emplaced extension tub e s  in conjunction with the tr eadle a s sembly, (2)  aid 
in r etr ac ting the emplaced dr ill s tr ing after completion o f  hole  dr illing , ( 3 )  a s s i s t  
in r emoving co r e  ma ter ial from the exten s ion tube s ,  and (4 ) . aid in r etr iev ing ob­
jec ts frorr.. surface level , e.  g . , extension tube s ,  tr eadle 2 q sembly .  

2- 224 . ALSD FUNC TIONAL D ESCRIPTION 

The ALSD is a battery-power ed, r o tary-percu s s io n  d r ill . The rotaL"y- per cus sion . 
dr illing pr inciple is u s ed in this application ·o eca,ts e :  the axial bit pr e s sur e and 
rotary l-lrque r equir ements fo r effic i ent dr illing ar e c . - dderably les s than fo r 
rotary dr ill ing ; dr ill bit oper ating temper dur e s  ar e sufficiently low to pr eclude a 
requir ement for b it coolant; and the tung s ten- carbide cutter s will dr ill with r eason­
ablt: e ffic iency in the pr es ence of a small dus t  layer in the bo ttom of the hole which 
is inherent with a mechanical cuttings tr ansport  system.  

2- 225 .  ALSO DE TAILED FUNC TIONAL DESCf"IPTION 

Power is suppl ied from the 16- cell s ilv er oxide - z inc battery to the power head mo ­
tor ( Figure Z- 1 1 2) at 2 3  vdc . Tile nominal speed of the motor armatur e is 9 3 00 
r pm, A r educ tion gear coupl e s  the output shaft of the moto r  to the power tra in 
which con sists of the nece s sary r eduction gear s to provide the desir ed rolary mo ­
�ion and per cus s iv e  action;  280 r pm at 2 , Z 7 0  blows per minute at the output s haft. 

2- 243 
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The in ter fa c e  o e tween the power tr ain a n d  the percus sor is provided b y  I L .  
The clutch l imits the tor qu e  load to a l evel which can b e  s afely contr o J I , , . t  , , 1  · : , 

a s ;;-::-onaut.  ( The clutch is d e s igned for a nominal s l ip value of 2 0 foo t - pu . . . . .  J , . )  

The percus sor conv e r ts the unifo r m  r o ta r y  output mo tion of the powe r  tr a i 1 1  1 1 1 ", 

pul sating , high - energy, sho r t - dura tio .: , l inear - impa c t  blow s to the o utput : , J . . , ft •; f 
the power head . The impact a c tion is accompl ished by a ro tating cam again a t  ;1 

cam followe r ,  which also s e rv e s  a s  the hammer . As the cam r o ta te s ,  the fo l l rJw c r  
r a is e s , coc king a spr ing . The s pr ing , b y  v ir tue of the cam shap e ,  r el e a s e s  its 
kinetic energy r apidly ther eby accelerating the ham1ne r toward a tra n s ition s e c t ion . 
This tra n s ition s ectio n, or power head shaft, s er v e s  a s  the anvil for th� hamme r 
and a s  the r ec e iv e r  for the r o ta r y  motion output of the power tr a i n .  

The r o ta r y- per cus siv e  e nergy a t  the output of the power head i s  coupl ed to the cor e 
b it by the d r ill" s tr ing . The dr ill s tr ing oper a te s  thr ough the tr �adle a s s embly 
which emplo ys a lock�ng mechanism in sur ing po s itiv e  energy coupling to the core 
b it .  The cor e b it del iv e r s the r o tary-per cus s iv e  energy to the rock.  The per­
cus s iv e  element o f  the input e nergy fra c tur e s  the r o c k  by exc e ed ing its  compr e s s ­
ive s tr eng th under each cutting tip . Th e  r o ta r y  element o f  the input e ne r g y  r epo ­
s ition s  the c utting tip s for sub s equent r o c k  fr a c tur ing and provid e s  the means fo r 
transpor ting the r ock cutting s upward to the surfa c e  v ia the hel ical transpo r t  flute s .  

The dr il l  s tr ing s tor e s  the cor e  mater ial cutting s .  After the s econd hol e  is com­
ple ted , the d r il l  s tr ing i s  d i s sa s s embled, c apped, and in s talled into the s ampl e r e ­
tur n c ontainer �SRC) for ev entual r e tur n to Earth of lunar .c o r e  mate rial sample s .  

. . .  

l- l45 
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SEC TION HI 

MAIN TENA NCE 

3 - 1 .  MAINTENANCE CONCEPT 

The ALSEP sy s tem equipment fo r which ma inte nanc e planning is d efin ed is a s  
follow s :  

a .  The ALSE P Fl ight Ar ticle - Co n s i s t s  o f  ALSEP lunar surfa c e  e<]uipmen t ;  
exper ime nt sub s ys tem s ,  the data sub s y s tem, e l ec tr ical powe r  sub s y s te m ,  and 
s tructure I the r m.al sub s y s te m .  

b .  Ground Suppor t  Equipment - Co n s is ts o f  a l l  e qu ipment r e quir ed to suppor t  
the ma intena nce events of the flight ar tic l e  after NASA acceptance of ALSEP, 
through ALSEP in s tallation in LM. 

c .  ALSEP Suppor t  Manual s - Co n s is ts of s ix manual s  a s  l i s ted in Tabl e 3- 8 . 

ALSEP fl ight hardwa r e  e n te r s  a ma inte nance s i tua tion when it ha s b e e n  1.ccepted 
by NASA thr oug h DD- 2 5 0  s ign- off. Mainte nance planning is provided fo r the per iod 
fr om acc eptanc e  through in s talla tio n in LM. ALSEP hardwar e  ca tego r i e s  for 
maintenanc e purpo s e.s a r e  def�ned in Table 3 - 1. 

No menclatur e 

Sy s te m  

Sub sy s te m  

Compo nent 

Par t  

Tab l e  3- 1 :  ALSEP Hardwar e Catego r ie s  

Definition 

A compl e te ,  s elf- conta ined , opera ting d ev ic e  (ALSEP).  

Major ide ntifiable suppo r t  device having a unique , d e ­
fined fun c tion (PSE, ASE, SIDE). In the ALSEP, e ach 
exper ime nt is d e s ignated a sub s

.
y s te m .  

An identifiable r eplac e:1bl e a s s embl y  within a sub s y s tem 
( r e c eiver , mor tar ) .  Al so defined as a comb ina tion of 
par ts , suba s s emb l ie s ,  or a s s embl ie s ,  usual l y  s elf­
contained , which performs a d i s tinc tive fu nc tion in the 
operation o f  the ov erall e qu ipme nt (black box ) .  

Lowe s t  level o f  equipment, s ingular item ( r e s is tor , 
s c r ew ) .  Al so de fined a s  one pie c e ,  o r  two o r  mo r e  
pie c e s  jo ined tog e the r which a r e  no t no r mally subj e c t  to 
d i sa s s embl y without d e s tructio n . 

3- 1 
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Two ba s k  l ev e l s  o f  ma in te nanc e , s y s te m  ( l ev el A) <tnd s pec ial i z P.d ( l eve l B ), hav e 
b e e n  l' s la h l  i s hed to p rov ide a to tal ma inte nance ·capa b il ity fu r s uppo r t  o f  th e 
A LS!!.:P :.; y s tc m  .. The ma inte nance flow fu r lhe ALSEP fl ight s y s te m  i s  il l a s tr a tcd 

in Figu r e  3- 1 .  

Lev el A ma inte nan c e c o n s i s ts of tho s e  actio n s  r equ ir ed to a sc e r ta in fl ig ht­
r eadine s s  of the ALSEP fl ight sy s te m .  It is l imited to in s p ection ,  functional te st ,  
c o r r e c tiv e ma inte nanc e ,  and r emoval a nd ins tallatio n  of sub s y s te1n s  and com­
po nen ts . 

Lev el B maintenan c e  con s is ts of fac to r y  r epa ir a nd calibration . It will include de­
tail ed repair , compo nent/part removal and r eplacement, adjus tment,  calibra­
tion,  a nd te s ting . 

3- l .  MAINTENANCE LEVEL A (SYSTEM) :  

Lev el A maintenanc e i s  performed a t  B endix Aero s pace Sys tems Div is ion (BxA) 
a nd at Kennedy Space Ce nter (KS C )  a s  illus trated in the mainte nance flow diag ram, 
Figur e 3- 2 .  

The A LSEP subpackage s and equipment, i n  addition to the flight article spa r e s  
listed i n  Table 3 -2 will b e  maintained i n  bonded storage until called for b y  KSC . 
The spare grenade launch a s s embly, be cause it contains live ordnance ,  i s  stored 
at th� KSC ordnance facilit y. Tho s e  spa r e s  designated Gove rnment furni shed 
equi pment ( GF E )  in Table 3 -2 are  stored .at the facilities  at which they we re manu ­
fa ctu red or  at Gove rnment facilities .  The remaining spa r e s  a r e  stored at BxA i n  
Michigan. 

3 - 3 .  Lev el A Ma intenance at BxA. · Level  A ma intenanc e a t  BxA con s is ts of tho s e  
action s  r equir ed to main tain the ALSEP fl ight system, and r eady it for delivery to 
KSC . It includes  s torage,  inspec tion, te s ting , 'r eplacement of sub systems or com­
ponents , and shipmen t  in the s equence illustrated in Figure 3- 2 .  

Sub systems o r  components which have exceeded their calibration per iod s ,  o r  
which were found defective in ins pec tion o r  test,  are replaced with a flight article 
spa r e .  Spa r e  sub systems or components are subjected to pre - integration ac­
c eptance te s ts pr ior to integration into the system. Replaced sub sys tem s or com­
ponents are shipped to the ir r e spective level B maintenance fac ility. 

The func tional capabil ity of the flight system is te s ted by the system te s t  s e t  in an 
integrated s y s tem te st . The flight system can be deliver ed to KS C upon sati s ­
fac tory comple tion of this te s t .  

This ma intenance facility receiv e s  r epaired and /or calibrated compo nents and 
subsystems fro m  maintenance lev el B .  Subpac kag e s  found defective at KS C are 
received at  BxA fo r mal func tion isolation and co rrective ac tion.  

3- 2 
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Table 3 - 2. A LS E P  F l i ght A r ticle Spa r e s  

N otncn datu r l� 

Pa s s ive s e i s m i c  e xpe riment 
Heat flow expe r iment 
Cha r g e d  pa r tic le luna r envi ronme nt expe r ime nt 
A ctive s e i smic exp e r iment electroni c s  
G r e nade launch a s s e mbly 
M o rta r box a s s embly 
Thumpe r and ge ophone a s s embl y 
Magne tomete r expe r iment 
Sola r wind e xpe rime nt 
Sup rathe r mal ion detector e xpe r iment 
Dust dete ctor 
Radioi sotope the r moele ctri c gene rator 
A pollo luna r surfa c e  dr ill 
Apollo luna r hand tool s 
Fuel c a s k  
F u e l  cap sule 
Unive r sal handling tool 
He l i cal antenna 
A ntenna cable a s s e mbly 
Antenna aiming me chani s m  
Dipl e xe r s witch 
Diplexe r filte r 
C ommand r e c e ive r 
C ommand decod e r  
Analog to. di gital c onve rte r -multiplexe r 
Data proce s s o r  ( flights I and 2 )  
Data proce s s o r  ( flight s 3 and 4 )  
T r a n s mitte r (2276. 5 me ) 
T r ansm1 tte r ( Z Z78.  5 me ) 
Powe r di str ibution unit 
Time r 
T ime r batte r y  
Powe r c onditioning unit 
RF cable a s s e mbly 
R F  cable a s sembly 
RF c able a s s e mbly . . 
R F  cable a s sembly 
R F cable a s sembly 
R F  cable a s s embly 
RF cable a ssembly 
Ammeter shorting plug 
Ammete r shorting plug 

Qua ntity 

1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
I 
I 
1 
1 
I 
I 
1 
2 
2 
2 
2 
2 
I 
1 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
1 
1 

. . . 

Pa r t  
Numbe r N ot • ·  -

2330659  
233066 1  
2330662  
2334468 
23385 07 -2 KSC 
23 34499 -4 
2334772 -4 
2330657 GFE 
2330658  GFE 
2330660 GFE 
2 3 3 03 7 0 -2 
47E3 00779 GFE 
467A80 5 000 GFE 
SGB39 1 0 1 1 65 GFE 
47 E30 1 1 34 I GFE 
47D3 00400 GFE 
233 8 1 02 
2330307 
2334 522 
l330309 
2330526  
2 3 3 0 5 2 5  
2330 5 23 
2 3 3 0509 
2330524  
2330521  -A4 
233052 1 -B? 
2330 527 
23305 27 
23 304 50 .-2 
2330626 

• '  

233447 6 
2330000-3 
23 3 0 52 8 -4 
2330528 - 5  
233 0 528-6 
233067 0 -3 
233067 0 -4 
233067 1 -2 
233 067 1 -3 
23 35520 
233 8 0 1 7  

I 

3 -9 
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Table 3 -2 .  A LSEP Flight A r ti c l e  Spa r e s  ( c ont ) 

Part 
N omen clatur e Quantity Numbe r 

PS E s t ool qui ck r el e a s e  pin 1 2 3 3 5 5 6 5  
S I D E  conn e ctor qui ck r ele a s e  pin 1 2 3 3 5 5 74 
Fu el c a sk mounting a s s embly 1 2 3 3 8 660 
Le v e r and wi re a s s embly 2 2 3 3 8 6 8 1 - 1  
Leve r and wir e  a s s e mbly 1 2 3 3 8 68 1 - 2  
Body r e lea se mechani sm 1 2 3 3 8 6 87 - 1  
Body release mechani sm 1 2 3 3 8687 -2 
Shea r pin stop bracket ( le ft hand ) 1 2 3 3 8 685 
She a r  pin· stop bracket (right hand ) 1 23 3 8686 

Tab lock 2 2 3 3 8 689 
Spcdal wa sher 2 2 3 3 8693 

Shea r pin 2 2 3 3 8668 

Ten sion stud 2 2 3 3 869 2  

Squa r e  she a r  pin cutte r 2 2 3 3 8 67 1 -3 

Self-locking nut 4 MS2 1 043 -4 

Belleville washe r 8 B 05 0 0 - 0 2 5  
Shear wi re 4 2 3 3 8043 
Sets <.: r e w  2 2 3 3 8665 

l 

S c r ew -t -4 0x. 2 5  inch 4 MS3 5 27 5 -2 1 3  
Lanya rd a s sembly 1 2 3 3 8 1 28 
Tool support quick r ehas e  pin I 1 2 3 3 5 57 5  I 
R TG cable s pring clip 4 2 3 3 5 5 1 6  
Boom quick r e le as e  pin I 1 2 3 3 5262 I 
Outboard suppnrt pi n 2 2 3 3 5 1 2 6 
Outboa r d  qukk relea se pin 2 2 3 34 5 2 5 -3 
Guide fa stene r 2 0  2 3 3 59 3 1 - 1 

Guide fastene r 2 2 3 3 5 9 3 1 -2 
Guide fa stener 2 23 3 59 3 1 -4 
Guide fastene r 3 2 3 3 5 9 3 1 - 5 
Guide fastener 2 2 3 3 59 3 1 -6 
Gui de fastene r 2 . 2 3 3 59 3 1 -7 
Guide fa stene r cap 1 00 2 3 3467 5 - 1  
Guide fa stene r cap 8 233467 5 -2 
Guidt> fa stener cap· 1 0  23 3467 5 -3 
Guide fa stene r cap 4 233467 5 -4 
Qui ck release pin 1 2335577 -5  
Qui ck release pin 1 2335 577 -4 
Ou st cove r connector 1 2334528-2 
Dust c over conne ctor 1 2334528 -6 
Dust c over conne ctor 1 2334528 -8 
Boyd bolt 4 CA2773 -2- l  
Boyd bolt 4: CA2773 -4 - 1  
B o  d bolt y 4 CA2773 -6 - l  

3 - 1 0  

0 
Note 

.. 

• 

0 
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Table 3 -2.  A LSEP Flight A rticle Spares  ( cont ) 

N omenclature Quantity 

Boyd bolt 2 
Boyd bolt 4 
Boyd bolt 8 
Boyd bolt 4 
Boyd bolt 4 
Boyd bolt 4 
Boyd bolt spring 25 
Boyd bolt nut 25  
A ccordion rivet 50 
Accordio>l rivet 50 
Boom attachment release as s embly 3 
Boom attachment release  assembly 3 

- -

l 'u r l  
� -,.. ..... .... . 

Nur" t .• ·  r 

CA27 73 - 8 - I  

CAZ.773 - 1 0 - 1  
CA277 3 � 1 4 - l 
CA2773 - 1 8 - 1 
CA277 3 -2 0 - l  
CA2773 -24 - 1  
CS 1 0 14 
SP1 0 1 5  
PC4729C' 
PC47289 
2 3 3 5 501 - 1  
2335501 -2 

l •-. -· v 

.. \ { � .,. 
-------

3-4 . Level A Maintenance at KSC .  Level A maintenance at  KSC consi s ts of those 
actions required to r eceive the fl ight system from BxA, and install i t  in the LM. 
It includes rece iving- inspec tion , fit checks ,  and functional checks in the s equence 
illustrated in F\gure 3- ?. .  Any discrepancy requires a Material Review Board 
disposition . I! an ar ticle cannot be used as  i s ,  it is  r eplaced with a flight article 
spare which is r.·eque sted from Level A BxA. 

3- 5 .  MAINTENANCE LEVEL B (SPECIALIZED) 

Maintenance level B consis ts of factory repair and overhaul of ALSEP flight 
equipment. It will cons ist of detailed r epair , overhaul , and component/part re­
moval and replacement as  well as  r equired adjustments and calibration neces sary 
to achieve the high level of ALSEP p er formance , 

3-6. GROUND SUPPORT EQUIPMEN T  (GSE) 

ALSEP GSE includes  test s ets ,  excite r s ,  simulator s ,  handling equipment, and 
s elec: t�C"d standard tools and test  equipment . Corrective maintenance for the S TS  
include s  seJ C- le s t  diagnostic programs (in conjunction with the "ALSEP Sy stem 
Tes t  Equipment Field Maintenance Manual 1 1 )  to fault- isolate to the black box, 
panel, component, par t, or to a functional c ircuit  group of log ic cards in the 
progranuner /processor . 

Maintenance beyond the level A capability will be accomplished at specialized re• 
pair {l evel B maintenance). level s ,  or by vendor services .  ALSEP peculiar de­
l ive rable OSE will be directed to Bendix (or Bendix subcontractor ). for repair as 
r equired . 

I 
.i 
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3- 7 .  GSE E LEC TRICAL 

Electr ical  GSE u s td in l evel A maintenance f.or tes ting of the A LSLP system is 
l i s ted in Table 3- 3 .  The system tes t  set  i s  the pr ire ALSEP ma inte nance tool and 
all other equipment l i s ted in Tab l e  3 - 3 is co n s id e r ed p e r ipheral te s t equipment 
tha t complements the syste m  te st set .  Figur e s  - 3  throu�h 3- 1 7  illustrate these 
equipments . 

3 - 8 . GSE MECHANICAL 

Mechanical GSE used in handling , te s t, ins tallation,  and ma intenar1ce of  the 
ALSEP s y s tem is lis ted in Table s  3 - 4  through 3- 6, and illus trated in Figur es 3- 1 8  
through 3 - 2 2 .  

3- 9.  TOOLS AND TES T EQUIPMENT 

Standard tools and te st  equipment, facil ities ,  and supplie s r equir ed !or mainte­
nance ar e listed in Table 3- 7. 

Figure 
No, 

3- 3 
� - 4  

. �- 'i 

3 - 6 

3- 7 
3- 8 
3- 9 
3 - 1 0  
3- 1 1  
3- } ;� 

�- 1 3  
3 - 1 4  

3 - 1 5  

3- 1 6  

3 - 1 7  

3- 12  

Table 3 -3 .  Electrical Ground Support Equipment 

Part 
Nomenclature Numbe r 

A LSEP system te st set 23 3 1 700 
Magnetometer fl ux  tank as s embly WDL-Zt; - 173299  

(Phil,. -,) 
Gamma control console WDL-99- 1 7 3 3 0 1 

(Philco) 
Integrated powe r unit te st set. 47E3 00467G l 

. .  (GE-MSD) 
Environmental t"'st chambe r PD45Z97 1 (3M) 
IPU breakout box BSX 7482 
R.TG simula tor BSX 6997 
Grenade launch assembly te st set 233 1 6 5? 
.A•.:tiv.J sei smic sensor s imulator 233 1 60 1  
Pas sive sei smic sensor excite r CBE 2250 

(Tele dyne) 
Hea t  flow sensor simulator 23 32375 
ALSD pressurization unit 46 7 A8090000 

(Martin- Marietta) 
..,.LSD batter)' char.ging unit 467A808000 

(Martin- Ma rietta) 
ALSD battery filling kit 

Electric fuel capsulfi simulator 47D300l6.L 
(GE - MSD) 

Antenna cap f;·: . ,.re U33830 

C FE or 
GFE 

(:FE 
t'JFE 

GFE 

GFE 

GFE 
CFF; 
CFE 
CFE 
CFE 
CFE 

CFE 
GFE 

GFE 

GFJo::: 
GFE 

CFE 

.. 

' 

, 

0 
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Figure 3 · 1 4 .  ALSO Pre s surization Unit 
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Figure 3 - 1 7 .  Antenna Cap Fixture 

Table 3 -4 .  Mechanical G round Support Equipment 

Nomenclature 

Holding Fixture ; 
Subpackage No. . . 
Holding Fixture, 

1 

Subpackage No. 2 

Handling Device, 
Subpackage No . 1 

3 - 2.0 

Function 

Attache s to ba se of subpackage No. 1 '  

for hc�.ndling operations . M-.�unts to 
handling cart for subpackage movement • 

Attaches to base of subpackage No. Z 
for handling ope ration11 .  Mou��ts to 
handling cart for s ubpackage movement. 

' 

Attache , to base of subpackage No. 1 
for subpackage transfer to various 
te st fixturea 

' . 
. . .  

() 

• 

Part Numbe r 

• 
2335 3 1 1  

, 
2. 3 3 5 3 3 8  

23353 1 2  
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0 TablC' 'j - 4 .  M e chanical  G r ou nrl S upp o r t  Equipm ent ( cant) 
�------------------,-----------------------------------------�---------� 

Non1 e n c latu r e  

Handling Devic e ,  
Subpackage No . 2 

Handling Cart 
,. 

• 

, 

Hoi sting Device 

B oyd B olt 
Installation Tool 

B oyd Bolt 
Torque Tool ( f ,ong ) . 

Boyd Bolt 
Torque Tool ( short) 

Boyd Bolt Spindle 
Force Mea suring 
Tool 

Boyd Bolt Spindle 
Position Mea suring 
Tool 

B oyd Bolt 
Release Tool 

G i.A  Test Fixture 
(also called a Mech­
anical Attitude Ref-

" e rence Positioning 
Device or MARPD ) 

Central Station 
Handling Cart 

Center of Gravity 
Fixture 

0 Pre uure Regulator 
Aaaembly 

Function 

Attache s  to base of subpackage No. 2 
for s ubpackage t ransfer to various 
t e s t  fixture s . 

Provide s mounting tie -down fo r ALSEP 
s ubpackage s  during handling and tran s ­
portation during maintenanc e .  

Attache s to A LSEP hol ding fixture o r  
handling devic e . fo r  subpackage hoisting 
ope ration s . 

Attache s to Boyd bolt for ins e rtion into 
A LSEP s tructure . 

Used to tighten Boyd bolt to require d  
tension. 

Used to tighten Boyd bolt to requir e d  
tension. 

Used to measure force required to de · 
pre s s .  Boyd bolt spindle. 

I 
Used to meas t,{re position of spindle 
relative to Boyd bolt body .  

U s e d  t o  release B oyd bolt. 

GLA alignment sensor checkout. 

Provides mounting tie -down for central 
station duri ng handling and transportation. 

Provides mounting tie -down during sub­
package No. 1 or No. 2 cente r c;>f gravity 
te sting . 'c ·\· · 

Lowe r s  pre s sure of gas from gaa cylin­
ders to purge or pre uurlze containers.  

Part Numbe r 

2 3 3 5 3 1 3  

2332899 

2 3 3 5 3 1 0  

233 8343 

2 3 3 82 1 2  

2 3 3 82 1 5  

2 3 3 82 1 3  

23 3865 1 

2 3 3 5 9 1 0  

233 1455 

2333431  

2335309 

Z338476 

3 - 21 
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HOISTING DEVICE 

HANDLING DEVICE 
ITYFICAU 

HANDLING CART 

Figure 3 - 1 8. Subpackage Ha;ndling OSE 
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Table 3 - 5.  Fuel Ca skjStructurc A s s embly .'-land lin g ;·:quipment 

Nomenclature Function 
-

Cask/Structure Fuel ca sk structure a s sembly handling dur -
Handling Device ing fuel  cask fit che cks and LM fit che.cks. 

Fuel Cas k/Band Fuel cask/band as sembly handling during 
A s sembly Handling fit checks to fuel cask structure a s s embly 
DP.vi ce and installation on LM. 

Trunnion Alignment/ Fixture !or cask/band a s sembly trunnion 
Band Calibration alignment and band tenc.\r:>ning procedure s.  
Fixture 

Dome Handling Tool Fuel cask dome removal and handling dur -
ing fuel capsule insertion/removal ope ra-
tions . 

Strain Gage Readout Prov; de s tensioning readout during cask 
Device  band tensioning procedures.  

Fuel C�sk Hand!ing Provide s transportation accommodation�!! 
Cart for fuel cask movement. 

Dome Removal Tool Remove dome from fuel cask during buildup. . . 
Band' Tensioning Tool U s ed to tighten or. loosen cask bands.  

Dome/T ool Provide s storage for fuel cask dor•H: with 
Receptac le d ome handling tool attached. 

CG Determination Holding, CG, and fit cbeck fixture for fuel 
Fixture cask and structure a s s P  .. nbly. 

-

Table 3 - 6. Fuel Capsule Handling Equipment 

Nomenclature Function 

Capsule SLA Used at the launch a rea for inse rtion 
handling tool and removal of the fuel capsule asser.'ibly. 

Capsule transfer Used to transport fuel capsule a s sembly 
cask from a van on the launch pad to the SLA 

platform a rea of the Apollo spacecraft. 

Capsule port entry Used to transfer the fuel c1.psule a s sem-
trough bly, with the SL.\ har.dling tool attached 

through a ten-inch ac-:ess port in the 
spacec raft structure at the� level of LM/ 
fuel cask attachment. ' 

Capsule inspection Used to verify proper engagement o£ 
tool fuel capsule assembly in the LM fuel 

cask. 

Pa d Number 

2 3 3 5 3 1 9  

2 3 3 53 1 8  

Z3�o 53 1 6  

233 5 9 0 8  

2332320 

23353 1 5  

2 3 3 5 3 1 7  

2338044 

2 3 37 9 5 0  

2.3353 1 4  

-

Part Nurnber 

(GFE) 

(GFF.) 

(GFE) 

(GFE) 

. 
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TRUNNION 
ALIGNMENT/BAND 
CALIBRATION 
HOLDING FIXTUR£ 

ALSE P - MT - 0 3  
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REt.'OVAL TOOL 

BAND 
TENS ION ING 
TOOL 

CG 
DETERMINATION 
F IXTURE 

STRAIN GAGE 
READOUT DEVICE 

Figure 3 - Z l .  F.uel Cask/Structure AEtsembly Handling Equipment 
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Figure 3 -ZZ. Fuel Capsule Handling Eq,_tipmer.t 
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Ta bl e 3 - 7 .  Standard Tool s, Te st Equipment, Fac ilitie s, and Supplies 

Part Nu,.,..,be r Nomenc lature Function 

Tektronix 546 Oscilloscope (2) 
Tektronix CA Vertical plug -in unit (2)  
HP 805 C Slotted line ( 1 )  
H P  4 1 5 B VSWR mete r ( 1 )  
HP 2 1 1 A Square wave generator ( 1 )  
HP 6 1 6  B Signal generator ( 1 )  
HP 85 1 -8 5 5 1 Spectrum analyzer ( 1 ) 
Empire Attenuator pad (2 )  
AT30- 1 0  
B PD-SPS2000 Stored program simulator ( 1 )  
(or equivalent) 
HP 4 1 0  B VTVM (2) 
Simpson YOM (Z) 
Z06-5M 
HP 7 2 1  A Power Supply ( 1 ) 
HP 405 Digital Voltmeter ( 1 )  

Sei. miscellaneous cables 
(GFE) Apollo Initiator Resistance Thumper as sembly and GLA 

Measuring Equipment circuit checks . 

(AIRME) 
(GFE) A LINCO squib tester CPLEE ordnance cir cuit checks. 

Vacuum enclosure RTG leak test. 
Vacuum pump · RTG leak test. 

(GFE) Spectrometer type leak RTG leak test. 
detector 

Gaseous nitrogen supply CaJibration and checkout of ALSD. 
(regulated at  150 psig 
(max. ) 

Gaseous a rgon supply Repre s surizing RTG container.  

3 - 10 .  TRANSPORTATION EQUIPMENT 

Transportation equipment consists of ALSEP c ontainer s  that provide protection for 
the flight article subsystems and c omponents during delivery to KSC and move ­
ment between facilities at KSC during maintenance activities .  Transportation 
equipment for the ground support equipm.ent consists of commercial package s  that 
provide protection for the GSE components during shipment to KSC . 

The shipping c ontainers used for transportation of the ALSEP flight article and 
associated GSE include two types , A LSE P  c ontainers and c ommercial package s .  
The following paragraphs briefly describe each type · or "� or.tainer.  

3 -27 
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3 - 1  1 .  A LS E P  Containers .  Special cr-.. 'line r s  are provided for ea ch A LS E P  sub ­
package a ssembly, and separately shirped subsystem component. Figure 3 -23 
illustrate s typical A LSEP container s .  

The A LSEP container s  are  constructed for an outer metal housing spe cifi c ­
ally shaped t o  enclose the associated as sembly which i s  mounted on a shock isola ­
tion plate . The container s  are inst.rumented to provide a real-time history of 
shock on three axes, and temperature for at least seven days .  A humidity indica ­
tor, vi sible from outside the containe r, provides an indication of the humidity 
within the container. The container for subpackage No. 1 ,  Flights 1 and 2, incor ­
porate s a GFE flux recorder for checking magnetic field exposure during shipment. 

3 - 1 2. Comme rcial Package s .  Commer cial packaging i s  primarily used  for ship ­
ment of GSE. The packages consist of components wrapped or packaged in a car ­
ton, box, bag, or similar container that conforms to commercial shipping prac ­
tice. Comme rcial packaging methods are _as follows : 

a. Component mounted on a pallet, wrapped in plastic, and metal -banded to 
pallet. 

b. Component mo\mted in a plywood box on mating hardpoints and box packed 
with dunnage. 

c. Component wrapped in plastic, placed in a plywood box, and packed with 

· .. . 

d. Component sealed in plastic, wrapped in cellulos e  or air cap, and placed in 
corrugated paper box. 

e. Component packed in foam, molded to fit component contour, and packed in 
wood, metal, or plastic box. 

� · 1 3. ALSEP SUPPORT MANUALS 

There are dx A LSEP support manuals used a s  an integrated documentation sys · 
tern to support the A LSEP hardware system. These manuals are listed in Table 

r-. \.) 

3 -R. • 

Table 3 -8.  ALSEP Support Manuals 

Title Document Number 

ALSEP General Familiarization Manual ALSEP-MA -24 
ALSEP Flight SystE.m Famlliarization Manual ALSEP-MT -03 
ALSEP Fl ight System Maintenance Mc..nua1 ALSEP-LS-04 
ALSEP System Te st Equipment Maintenance Manual ALSEP-LS-06 
ALSEP Transportation and Handling Manual ALSEP-LS-03 
Grenade Launch As sembly Test Set Instructions Manual ALSEP- LS-07 

' 0 
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SEC TION IV 

OPERA TIONS 

4- 1 .  OPERATIONS, GENERAL 

Thi s s ec tion pr es ents a descr iption of the opera tional ALSEP fl ight hardware oper ­
ations : The description encompa s s e s  events occur r ing between equip1nent r e ­
ceipt a t  Kennedy Space Center (KS C )  and the progr ammed shutdown o f  ALSEP 
lunar operatio n .  Table 4- 1 co nta ins a location index of A LSEP operations . 

Table 4 - 1 .  ALSEP Operations Locations  

KSC Lunar Sur face 

ALSEP inspec tion In- flight configuratio n 

Po s t-land ing oper ations 

Fit checks Car r y  mode 

Ordnanc e v er ification I I 

�. 
ALSD activation D eployment : 

(a ) Suppor t  subsystems 
ALSEP ins tallation (b ) Exper iment subs ys tems 

ALSD ins talla tion 

Grenade and thumper 
installation 

4- l .  KSC PRE LAUNCH CHECKOU T AND INS TALLATION 

Po s tdeployment 

MSFN operation 

MCC operation 

PI ac tivitie s 

Activity at KSC includes inspection, fit checks , ordnance ver ification, assembly, 
te st, and ALSEP installation.  Figur f! 3- l, Sheet Z shows the s equehce o£ events 
nec essary to receive,  check out, and ins �all ALSEP equipment in the LM. Note 
that Clas s  A ordnance and radioactive items are received and chec ked in a lo ­
cation separate from the rest  of the AJ..,SEP equipment. KSC ALSEP !acU itie s 
consist o£:  

a .  Bunker facil ity - used for checkout o £  the GLA 
b .  Ordnance laboratory building , M7- 1 4 1 7  •· U sed in conjunction with the 

bunker' facil ity to test  the GLA, thumper ,  and ordnance 

4- 1 
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c .  Par achute build ing , M 7- 6 5 7  (ALSEP launch pr eparation site ALPS) - U s ed 
fo r r ec eipt, ins pe c tio n ,  a s s embl y,  and bo 11ded s tor es  operations . 

d .  AEC fuel cb.psule s torag e .  

4- 3 .  KSC INSPEC TI ON AND CHECKOUT 

A LSEP activiti e s  are cente red in the Hype rgoli c Test Cell l\Tc 2 .  Building M7 - 1 2 1 0  
which i s  located south of the manned s pacecraft ope ration bui.l.ding (MSOB ). All 
ALSEP subsystems except the GLA and thwnper are re ceived and te sted he re.  

Ordnance items are s to r ed in the ordnanc e te f s torag e fac ility (LC- 3 9) wher e 
ordnance c ircuit te sts ,  lot vex· ification and ir � -r.llatio n ar .� ac compl ished.  Or d­
nance items includ e the following : 

a .  Squib devic e s - used to actuate CCIG anlo CJ?LEE du" t cover s and uncagc i:he 
PSE after exper iment deployment. 

b .  Thumper initia tor s - used in thumper fir ing operatic�s . 
c .  Four rocke t  gr enad e s  - used in the ac tive seismic exper iment. ( Cla s s  A 

ordnance ) 

4-4 .  KSC In spection . Ordna nce items , a s  no ted in paragraph 4- 3,  will b e  r e ­
ceived , inspec ted , and s to r ed a t  th e  KSC o rdnance te s t  s torage facility . The r e ­
ma ining A LSEP equipment will be r ece ived,  inspec ted , and s tored at  the Hyper ­
golic ·Te st Cell No. 2, Building M7 - 1 2 1 0. 

The ALSEP equipment listed in Table 4- 2 will be inspected upon r eceipt for po s ­
s ible shipping damag e that may have o ccur r ed i n  transit.  Temperatur e ,  humidity, 
magne tic flux and sho c k  r e corde r s  will be monito r ed for maximum excur s ions ,  if 
applicable .  Excur sions will b e  r ecorded on the log istic traveler or the quality as­
surance inspec tion report (QAIR).  

4- 5 .  KSC Equipment Calibration . Equipment calibratio n conducted at KSC is 
l is ted in T..1ble 4- 3 with an explanation of the ta s k  to be performed . All calibra­
tion da ta will b e  e nter ed in the GSE calibr ation log . 

4- 6 .  KSC Equipment Checkout . Table 4-J lis ts the ALSEP equipment and ALSEP 
GSE requir ing checkout. Appropr iate c�ecks for each item are r eferenc ed . 

4- 7. KSC Fit Checks . Fit checks o f  ALSEP hardwar e ,  tools ,  pac kage s ,  and �e 
LM ar e r equired to ve-r ify toleranc e s  and effective opera tio n a nd ins tallation .  
Table 4- S hsts the fit chec ks requir ed . 

4- 8 . KSC ALSEP INS TALLATION 

4- 9 .  KSC Ordnance Installati on. The ALSEP system is delive:red to the ordnance 
laboratory after  all ordna nce te s ts are complete . The ALSEP system is sto r ed in 
the ordnance laboratory s torage fac ility between ordnance ins tallation activitie s .  
Ordnance item�; are ins talled a. s  follows :  

4 - Z.  
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Tabl e 4 - 2 .  KSC In spe c tion 

Item Sub - ite m ( if appl icabl e )  

G LA Te s t  Set (G LA TS )  (Rec eived a t  o r d nance fa c il ity and tr a n s  

C PLEE C CIG , PSE Or d nance 
Thumpe r  Geopho ne Cabl e A s s embly 

I Gr enade Launcher A s s embly (GLA) 

ALSEP Subpac kage No . 1 

ALSEP Sub pa cka g e  No . l 

Apol lo Lunar Hand Too l s  
Apollo Lunar Sur fa c e  D r ill (ALSO ) 

ALSO GSE 

Flight Fuel Cas k  
Fuel Ca s k  Struc tur e A s s embly 
R TG Fuel Capsule 

Fuel Capsule Handl ing Tools 

Flight Fuel Capsule Handling Tool 
ALSEP/ LM In s talla tio n and Handling 

Equipme�t 

.• ' 

fer r ed to Building M7 - 1 2 1 0  for inspe c ­
tio n ) 

Lo t v e r ifica tio n ordnance 
Thumper 
2 1  Apollo S tandard lnitia tor s  (ASI) 
Thr e e  g eopho ne s  and c abl e s  
Launcher a s s embly 
Four r o c ke t  g r enad e s  
Exper iment s ub s y s te m s  
Data sub s y s tem 
Exper iment sub s ys te m s  
Radioisoto pe Thermoelec tr ic Gene r a. , J r  
{RTG) 

B a tte r y  pa ck 
Power head 
Ca s ing 
Transpo r t/ s to r ag e  c a s e  
B a tter y  charge:�; 
Pre s sur ization unit 

{ The fuel c apsule will no t be removed 
fro m  the shipping c a s k  for inspec tion 
and will be s tored in the AE C s to r ag e  
fac il ity} 

Capsule ground handling tool 
Capsule spacecraft LM adapter (SLA) 

handling tool 
Capsule tr ansfer c a s k  
Capsule po r t  transfer trough 

Sub- package ho i s t  e quipment 
ALSEP/ LM Ins er tio n handl ing fixtur e s  
Handling e quipment suppor t  pla tfo r m  
(ALSEP in s tallation equipment is  s tored 
in the MSOB after ins pe c tio n . ) 

. . . 

' '  . · , · · . ,  .. . '···· ""i' 
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a. Dus t  cover squibs are installed on particle expe riment c and the connections 
are soldered. 

b. The thumper a s s embly is  installed on subpackage no. z. 
c .  The G LA  i s  installed in the mortar box to  make up the mortar  package asse  

a s sembly which i s  mounted on subpackage No. 1 after A LSEP has been installed 
in the LM and moved to the pad. 

Item 

G LA Test  Set 

A LSD (GSE ) 

Table 4 -3. KSC GSE Calibration 

Ta sk 

Calibrate in accordance with " G LA Test Set 
Instructions Manual. 1 1  

Check t-he batte r y  charger for rate, voltage, 
and charge terr"lination u sing spare set  of 
s iJ.ver oxide zinc cells . Calibrate low and 
high pre s sure relief valve settings. 

Trunnion Alignment;Band Adjust per top a s sembly drawing. 
Calibration Fixture 

4- 1 0. KSC ALSEP Installation in LM. The ALSEP subpackage s  are installed in 
the SEQ bay while the LM is in the landing gear fixtur e just pr ior t:o mating with 
the spacecraft LM adapter (SLA ) .  A special pla tform is erected to the SEQ bay 
level to fac ilitate ALSEP ins tallation. 

Item 

GLA te s t  set  

Table 4- 4 .  KSC A LSEP Equipment Checkout 

Chec ks 

I 

Check satisfactor y oper ation in accordance with 
' 'GLA Te st  Set Ins tructions Manual . "  

Thumper a s sembly Ver ify circuit continuity of Apollo standard initi· 
circuit check  ato r s  ins talled in tl:.umper using squib tes ter at  

ordnance tes t  facility .  
GLA Ver ify circuit continuity of squib s  and cable using 

AlRME squib te ster and ordnan·ce voltmeter 
(Simpson 26CI with batter ie s  removed) .  

ALSO Ver ify the ALSO battery and power head have cor-
rect  inter nal pr e s sure s e tting s on the r elief valve 
and that the power head functions satisfactorily. 

ALSO GSE Verify correct operation of ALSO battery charger 
and pr e s sur ization unit by ver ifying the output of 
the battery charger and leak te sting the pres suri-
zation unit. 

4- 1 1 . KSC ALSO Ins tallation.  Included in the ALSO installation are battery acti­
vation , pre s sure checks , and functional te sts , which ar e performed as follows :  

' 

a .  The ALSO battery is activated and charged prior to ins tallation in the ALSD. 
lf r escheduling at this point delays the activity by mor e  than 6 days ,  the batterie s  

0 

• 

ar·e replaced . Q 
4-4  
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b. The pr e s sur iza tion unit is connec ted to a supply of r egulated n itro g e n .  The 
pr e s sure r equir ed to ac tua te the r ei ie f  valve is che cked . A soak te s t  is conduc ted 

to che c k  for leaks from the batter y  boY. . A chec k is then madP. o f  the batte r y  
power switch operation and the off loarl voltage at  the output -:onnc c �o r . 

c .  The ALSD power head and batte r y  pac k ar e a s s e mbled ani locked tog e the r . 
1'11�..: power head is operated for ten s econd s  to v e r ify proper Opi!:r.a tion . 

d .  The A LSD is tr anspor ted to the S LA at Co mplex 39  where it is moun ted on 
A LSEP nubpackag e No . 2 which is alr eady installed in the SEQ bay . After com­
pl e tion of th e ALSD ins talla tio n the SEQ bay doo r is clo s ed and secur ed .  

Table 4- 5 .  KSC Fit Checks 

Item 

CPL£� ordnance ( 2  ' 'r e efing 
Line Cutter s " )  

Thumper As sembly 
GLA 
ALSD 
Fuel Capsule 

Fuel Capsule 
Fuel Capsule 
Fu(>l Ca s k  1 
Fuel Ca sk, heat  shieJd,  

s tructure a s sembly 
ALH T  
A LSEP (Subpac kage s  ·and 

ALSD ) 

Fit Checked with: 

CPLEE (at ordnance te s t  facil ity) 
Subpackage No . 2 (at ordnance te s t  fac il ity) 
Mo r ta r  Box (at ordnance te s t  facil ity )  
Subpac kage No . 2 
Ground handling tool 
SLA handling tool (from ca s k  to por t entry 

through and back to ca sk) 
Flight handling too l  
Fuel cask 
RTG 
Mounting hardwar e and hea t shield 
LM ' ' 
Subpac kage No . 2 
LM 

4- 1 2 .  KS C Fuel Ca s k  and Fuel C;o.psule  Ins tallatio n .  The .fuel ca s k  and mountiug 
s tructur e a s sembly is tran spor ted to t.'le wor k  platform a t  S·LA and is mounted on 
the LM s tructure after the LM ha s been fueled.  

The radioac tive and hot ( l 2000 F) fuel capsule is transpor ted to the SLA wor k  plat­
form, inser ted into the fuel ca sk in the upr ight po sition , and locked in place u s ing 
the SLA handl ing tool . 

4- 1 3 .  LU NAR SURFACE OPERA TIONS 

The following paragraphs describe the events tha t tak.e place from the time the LM 
lands on the lunar sur face until all ALSEP exper iments have been deployed . In­
cluded in the discu s s ion ar e :  

a ,  Flight mode - The in- flight configura tion o f  ALSEP equipme nt. 
b .  Po s t-l and ing opera tions • The events tha t occur between lunar landing and 

the beg inning of ALSEP deployment procedur e s . 
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c .  Car ry mode - The ac tiv ity performed by  the crewmen in remov ing the 
ALSEP e quipment from the LM and tr anspor ting it to the emplaceme nt are a .  

d .  Deployment and ac tivation - The events performed b y  the cr ewmen i n  em­
placing and activating the exper iments . 

4- 1 4 .  FLIGHT MODE 

Dur ing flight, the ALSEP system ; s  inert  except for the structur e / thermal sub­
sys tem function of  providing thermal protection to the LM. The loca tion of the fuel 
cask a s sembly, external to the LM, provides a heat  rejection sys tem for the fuel 
capsul e and for crew safety during deployment . The cask suppor t struc tur e incor­
porate s  a thermal shield to reflect cask thermal radiation away from the L M .  In 
addition, insulator s are incorporated in the struc ture to reduc e conductive heat 
transfer to the LM. 

ALSEP subsy11tems and exper iments ar e mounted on subpackage pallets which are 
secured in the L M  SEQ bay . The SEQ bay is located in L M  de scent s tage behind a 
thermal door. The subpackages occupy a volume of approximately 1 5  cubic feet 

and are locked in place by retaining pins. Contents of the two subpackages for 
. Flights 1 and 2 are listed in Table 4 .. 6. On Flight 3 the magnetomete r and solar 
wind experiments are replaced by chargnd particle, cold cathode gauge, and heat 

.flow experiments on subpackage No. 1 and the Apollo lunar surface drill retJlaces 
the suprathermal ion detector experiment on subpackage No. 2. On Flight 4 sub ­
package No. 2 i s  identical with subpackage N.,. · 2  · of Flights 1 ancl 2 .  Fligt. t 4 sub ­
package No. 1 will mount the pas s ive seismic and charged p�rticle experiments ,  
the mortar box assembly and +.he thumper of the a ctive seismic experiment. In 
addition, the active seismic electronics  package will be incorpon.ted in the central 
station. 

. · 

Table 4- 6.  Subpackage Configura�ion, Flights 1 and 2. 

Subpac kage No . 1 
(SEQ Compar tment No . · l )  

Magnetometer exper iment 
Pas s ive se ismic exper iment 
Solar wind exper iment 
Dull t  detector * 
Data subsystem antenna* 
Data subsystem* 
Power conditioning unit* 

*Par t of central station 

1 '  

4 - 6  

. ' 

Subpackage No . 2. 
(SEQ Compar tment No . 2. )  

Suprathetmal ion delector experiment 
Radioisotope thermoelectr ic generator 
Pas s ive se ismic s tool 
Apollo lunar hand tools 
Fuel transfer tool 
Univer sal handling tool (2. )  
Dome removal tool 
Antenna aiming m"'chanism 
Antenna mast/c•.rry bar s ec tions  ( 2.) 

, . 

0 

• 

0 
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4- 1 5.  POS T- LANDING 0PERATIONS 

Lunar envi:-:-c.nmental conditions impo s e  con s lra. iu':s nn ALSEP hardware and i l �:­
d eployment b y  ti1t: Apollo c r ewme n .  ALSEP d eployme nt pro cedur e s  will b e  p e r _ 
{C'rmed a t "'· \ �m e  when the sun angle from the l 11nar hor izon is 7 to 2 2  degr ee s .  At 
a sun anglo:: C'l 7 degr e e s  the lunar surface temper a. t--.1r e is approximatel y  - 5 0 Lo 
- 60 degr c e f!  F. At a sun angle o f  22 degr e e s  lhc lunar sur face l...; mperatur e is 
-t80 to +1 00 degr e e s  F. ALSEP d e s ig n  allows d eployment at  a maximum sun angle 
of 45 degr e e s  and a r elative lunar surface temperatur e of appr oxima tely + 1 65  de­
g r e e s  F. 

• The ALSEP related events that take plac e  after the LM ha s d e s c e nded on the Moon 
are pre se nted her e in the order in which they w ill be accomplished by the c r ew­
men :  

• 

... 

0 

a .  Perform surYey function s and enter the da ta on the a n tE' !'lna a iming table 
which is used in deploying the data sub sys te m .  

b .  Proceed to the SEQ bay a nd begin ALSEP equ ipment r einoval and deploy­
ment pro cedur e s .  

4- !6 .  _Tools Us ed in Deployment . Table 4- 7 l i s ts the tool s used by the c r ewmen 
dur ing deployment. 'lile univer s al handling �.uol (UH T )  is used to r elea s e  the tie ­
down fastener s ,  and to 'transport and en"lpla c e  the exper iment sub sys tems .  The 
insertion end of the UHT is a po s itive locking devic e  that provid e s  a r ig id inte r ­
fac e  between the tool and a r e c eptacle o n  the exper unent for transpo r t  and em­
placP.ment of the exper iment. z' .. tr igger on the tool  har..dl.e mus t  be depr e s sed to 
engage �Jr r elea se the tool from thf' exper iment rec eptacle·. An Allen wrench 
fitting , extend ing !:tom the insertion end of the tool , en�age s the hexagon socket 
in the head of Hoyd boJ.t tie - down ·fastener s to ro tate and release the bol t .  . . 

Table 4- 7. Deployment Tool s  

Nomenclature Function 

U niv er sal HanrU ing 1. ol (UH T) (2 )  U sed to r elease tic: down fa stener s and 
to carry experiments 

Dorrv� Removal Tool (URT) Used to remove flnd handle the dome 
of the fuel Cask 

Fuel Transfer Tool (FTT) Used to transfer fuel caP,sule from 
ca.sk t.o R TG 

Probe Emplacement Tool u�ed to emplac e heat flow probes 
Apollo Lunar Surface Drill  (ALSD) U sed to d r ill holes for heat flow prob4'! 

em1 lacement 
Apollo 1;-un.ar Hand Tools ,(ALHT) See Secti·· n ll 

' 

The cl"'>ne removal tool (DR T) is used to r emove :md handle the dome of the !uel 
cask. The tool engage s ,  is  locked in place,  and unloc.. ks a nut on the fuel cask 
dome , 1\..:>tation of th'e nut rel eases  the dome . 

. . . 
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The !uel transfer tool ( F TT) is used to transfer the fuel capsule a s sembly from the 
fuel cask to the radio so tope thermoelectr ic g ener a tor . Thr e e  prong s  on the end Q of the tool engage the fuel capsule and are lo c ked in place  by rota ting the knur l ed 
handle of the tool . This engag ement relea s e s  the fuel capsule retaining la tche s to 
fr ee the capsule from the cask.  

4- 17. PREDEPLOYMENT 

The predeplcyment phase encompa s s e s  the task of removing ALSEP equipment 
from the LM SEQ bay, a s s embling subpackC\ges  No .  1 and No.  2 in the transpo rta-
tion configuration, and traversing to th.e emplac ement area. • 

Table 4-8 pre sents the ba sic predeployment events in chronological s �quence . Sub­
s equent paragraphs der:crib e  each event in the o rder in which they appear in the 
table .  

Event No . 

1 

l 

3 

Table 4-8 .  Predeployment li:vents 

Opera bon 

· 'escent to lunar surface 
Walk to d e s c ent stage s towage cc.mpar tment (SEQ.) 
Unload ALSEP 
(a ) Gain a cc e s s  to s towage t.ompartment 
(b ) Remove subpackaf e No . 1 

{c ) Remove subpac kage No . Z 
Fuel R TG 
Pr epar� subpac kage s  tor 1- c:l..rbell car.ry 
Locate cor r e c t  trav�o r s e  }.,P.ar ing 
Wal k 300 feet. at s elected bearing carrying pac kag e s  

4- 18 .  Desc ent t o  Lunar Surface .  The predeployment phas e  begins with the c rew­

man desc ending irom the LM to the lunar surbce.  

4- 1 9 .  Remov-; AlSEP Equipment from the LM . The crewman walks to the LM 
S EQ bay, relGases  and :::aises the thermal door.  The crewman retrieves sub­
}'ackage No. 1 deployment lanyard, walk.; 1 0  fe et fr•Jm the LM, pulls deployment 
lanyard to t' elea 3r;: subpackaqe No . 2, pull boom with subpackage No . 1 o1,1t of the 
SEQ bay, lower subp<�.c-kage i'!o . 1 to t:he luna r s arface,  r ele a s e s  dt:ployment lanu 
yard quick- relea s e  catch puU s pin to sepa rate subpaci.age No . 1 from the boom 
attachment a s s emb .. y. a .1d r e stow s  the boom. Subpackage No. 2 is removed in a 
s imila !' manne r  and L. placed near .,;ubpackage Nn� 1 on the luna.r surfa c e .  

4 - 20.  .Fue l the R T Ci ,  Tbe !11e l c a s k  mus t be rotate d to an attitude c onsis tent wi th � --

the LM tilt ang l:;o. to pro·.ri clc a gco�. view and c rewman rea:ch attituue . The c rew ­
n.an, u sing the cask la.r.ya rd, rotates can� lever s to shear trunnion pins, pulls 
s pline to pa rtially f r e e  the ca sk dome, and ope rate s the rotation mech...nism to 

r 

0 . 

4 - 8  
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() rotate the �ask to a proper unl(Jading angle . Using the dome removal tool, tb  •. · 

c rewman removes the ca sk dome and discards the cask dome and the DRT. 

• 

) .. 

"' 

.. 

0 

The c rewman remov e s  the fuel capsule from the fuel cask by in s e rting the FTT 
into the fue l capsule head, r otating the tool handle to achi·eve engagement and 
capsule r e le ase , and withdrawing the tool and caps ule from the l.:ask. The c rew ­
man th en m ove s with the tool and attached fuel caps ule to the R T G  and low e r s  
the capsule into the ge ne rator c avity. Once the fue l capsule has been placed i n  
the R T G ,  r e leas e  i s  accomplished b y  reve r s ing the rotation o f  the tool handle . 
Re leasing the tool from the fue l capsule head automatically locks the fuel capsule 
in the R T G .  The tool p r ovide s  pos!.tive c onne c tion w i th the fue l capsule , s e para ­
tion from the hot e le m ent, and contr ol of the transfe r by the c rewman. The FTT 
is  di s ca r de d .  

4 - 2 1 .  T ransport A LSEP t o  Emplacement Area. The c rewman place s  the sub­
package s . in the car rying positi on and c onnec ts the antem"a mast betw e e n  the s ub ­
package s .  The connecto r s  a r e  simple keyhole s lip-fit .  The c rewman lifts the 
subpackages  to the c arrying po sition in "barbell " fashion a s shown in Figure 4 - 1 ,  
and carries them 3 0 0  fe et from the LM on the Z axi s .  The Z axis is predicted 
on d eployment being conducted in full view of the c rewmap. remaining in the LM. 
The r ep r e s entative dire ction of the Z axis is affected by the suitability of the 

. surroundiug· terrain. For purposes of this desc ription, it is as sumed that a 
s outhweste rly direction from LM is satisfactory for the empla c ement of the ALSEP. 
While cC;l r rying the subpackage s late

.
ral bala�ce is shifted by changing the hand 

position on the car ry bar .  
· · 

, The 300 -foot di s tance to the e m placement irea is the re sult of a trade -of£ in 
comparing the nece s si ty of A LSEP deployment out of the LM as cent bla s t  area 
with the c ons traints of keeping the c rewman within the time and di s tance Fnll ­
tations dic tate d  by the PLSS oxyge n curve to as sure a safe re turn to the LM . 
The walk to tl>e deployment area i s  timed to preve nt exce s s  R T G  wa rmup and 
the reby avoid pote ntial the rmal proble m s  for the c rewman. 

4 -22 .  DEPLOYMENT 

To aid the astronaut in proper deployment of the expe riments , dec 1.ls , s imilar to 
those  shown in Figure 4 - I A, a re attached to the subpackage s  and experiment s .  

The following de sc ribe s the events that oc cur from the time the crewman arrive s 
at the ALSEP emplacement arn ( 300 feet from the LM ) until he has deployed all 
A LSEP equipment and r eturned to the LM. It is a s sumed that the ALHT was re ­
moved from the ALSEP No. 2 subpackage on the initial excursion. Deployment 
activitie s are disc,.lS sed in the pr'ocedural sequence pe rformed by the c rewman. 
Figure s 4 -2 through 4 -4 illustrate the layout of the ALSEP equipment and experi ­
ments afte r  deployment. The immediately following steps are applicable to 
Flights 1 and 2.. Flights 3 and 4 are discus s ed in paragraphs 4 - 2.3 through 4 � 2.5 .  
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Figure 4 - 1 .  Barbell Ca r ry Mode 
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Figure 4 - Z. Deployment Arrangement Flights 1 and Z, Typical 

Step Event 

1 

z 

3 

4 

5 

Emplace A LSEP on lunar surface on a N/  S axi s with subpackage No.  1 on 
the South side . .  
Remove subpackage No. 1 and carry to e mplacement s ite 1 0  feet F.as t  of  
s ubpackage No.  Z.  

· 

Return to s ubpackage No. Z, rotate it  upright and align s ubpackage on 
E/ W axis with R T G  on Eas t  side . Remove subpalle t and car ry to sub ­
package No. 1 .  
Return to s ubpackage No. Z ,  remove cable reel, and return to sub: 
package No. 1 deploying cable e nroute . · Make powe r connection to sub­
package No. 1 .  
Remove SIDE from subpallt' t,  unfold le gs , place SIDE on lunar surface 
approximately 5 fee t  South of subpackage No. 1 ,  and complete cable 
c onnec tion. 

4 - 1 1  
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HEAT 
PROBE 

Step Event 

6 

7 

8 
9 

10 

1 1  

4 - l l  

RetUrn to subpackage No. 1 ,  remove carry bar and install on subpallet 
taper fitting. 
Using handle o£ U'FIT, release  PSE leveling stool pull pb, and remove 
stool !rom subpallet, carry stool to a point 10 feet East o£ subpacka.ge 
No.  1 and emplo..ce .  Return to subpackage No. 1 .  
Set subpackage upright and align on E/W axis .  
Relea se SWE, remove SWE from central station, carry 1 3  feet South, and 
emplace on lunar surface.  Alitzn by obs erving sh< dow cast by sensor 
head. · 

Release PSE, remove PSE .from subpackage No. 1 ,  carry with UHT to 
emplacement site, relr <> s e thermal shroud re straint, emplace  and align 
PSE, d·eploy thermal shl oud, and level PSE. (See Figure 4-5 . ) 
Release ME sensor arm fasteners,  remove hol.·se  collar/bra�e ass embly, 
relea se ME f.rom subpackage No. 1 ,  and place ME on lunar surfac e about 
5 feet from subpackage No. 1 in the direction of deployment. 

() 

• 

A \i# 
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Figure 4- 4 .  Deployment Arrangement Fllght 4,  Typical 

Event 

Return to central station, release  SIDE cc tector, release  and deploy 
RF cable, relea se  antenna tie-downs, reled.Se  and raise sunshield, re­
move antenna mast and antenna aiming mechanism housing from sub­
pallet, a s s emble to central station, retrieve antenna and install on aim­
ing mechanism. (See Figure 4. � . ) 
Align central station antenna by: ente :ring azimuth and elevation offs ets, 
leveling and aligning the antenna subs ystem. (See Figure 4- 7 .  ) 
Walk to ME, gra sp  ca rry handle, carry ME in predetermined direction 
5 0 feet, deploy legs, align ME and place on lunar surfacf.l, extend s er.­
sors, deploy parabolic reflector a s s cmbliP.s ,  level and align ME. (See 
Figure 4 - 8 . ) 

· 

. . . 
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Step Event 

1 5  Walk to_ SIDE,  insert UHT , carry SIDE 55 ± 5 feet in predetermined dir ­
ection deploying c able , emplace SIDE on lunar surface ,  deploy ground 
screen on level surface ,  lift SID E ,  remove CCIG and , Lold, emplace SIDE 
on ground screen,  emplace CCIG maximum distance from SIDE with seal 
side of CCIG away from SIDE, central station, and LM, a d level and 
align SIDE. 

1 6  Returl" to centre 1 � �ation, turn on Astronaut swi tch No. 1 using UHT,  
reques t  tranr;mitter turn-on, check antenna orientation, receive confi r ­
mation of receipt of R F  s ignal a.\·td u s e ful data. 

4 -23 .  Deployment ( Flights 3 and 4). Flights three and four will carry diffe rent 
combinations of expe riments which also differ from the combination of expe ri ­
ments carried on Flights one and two. Deployment of those experiments not car ­
ried on Flights one and two are discus sed in the following paragraphs . 

4-24.  Flight _Three - Flight three will carry tht. hec1t flow experiment (HFE) ,  the 
pas sive sei smic expe riment (PSE) ,  the charged particle lunar environment e>..peri ­
ment (CPLEE), and the cold cathode gauge experiment (CCGE). Deploymer.t  of 
the PSE has been dis cus sed in paragraph 4- U, and t� ... refore , the following s t.eps 
cover deployment of the CPLEE, CCGE,  and HFE only, ( Figure 4 -3 ). 

Step 

1 

z 

3 

4 

5 

6 

7 
8 

9 

Event 

Remove CCGE from subpackage No. 1 and place CCGE on lunar surface 
approximately 5 feet �outh of subpackage No. 1 .  
Remove HFE electronic package ,  wit� probe box attached, {rom subpackage 
No. 1 and place  on lunar surface approximately 5 feet South of subpackage 
No. 1 .  
Remove and carry the CPLEE, deploying the cable , to approximately 1 0  
feet South of the central station. 
Emplace the CPLEE parallel to the central station. Level and align the 
CPLEE and return to the central station. 
Insert UHT and carry CCGE 55 :1: 5  feet in predetermined directil)n, de ­
ploying cable . Emplace CCGE on lunar surface ,  level and align. Return 
to central station. 
Insert UHT and carry HFE assembly 30 feet South, deposit package, and 
return to package No. 2 for ALHT and Al.SD. After retrieving A LHT and 
A l.SD and returning to HFE assembly, walk an additional 1 6  feet to site for 
prpbe No. 1 emplacement. 
Drill probe hold (Figure 4 -9 ) and insert sheathing. 
Return to electronics package,  detach probe box and separate two halves of 
probe box; carry hall probe box with attached emplacement tool to probe 
emplacement 

'
site deploying cable enroute. Insert HFE probe (Figure 4 - 1 0) 

and proceed tc SE'COnd emplacement area with ALHT, A LSD ,  and emplace ­
ment tool. 
Return to electronics package ,  pick up remaining hal! of probe box, rdurn 

0 

to second probe emplacement site and emplace probe as in steps 7 and 8.  #!!lia Return to and align the HFE electronics package .  V 
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4 - 25 .  Fli ght Four - Flight four will carry the s uprathe rmal ion detP.c tor expe ri ­
ment {SIDE ) ,  the PSE, the CPLEE, and the active s e i s m i c  expe riment (ASE ) .  
A ll but the ASE deployment have been di s cussed in previous paragraphs ; there ­
fore the following s teps cove r  deployment of the ASE only.

_ 
( Figure 4 -4 ) .  

Step Event 
1 

2 
3 

Remove thumper -geophone assembly and mortar pa ckage from experi ­
ment package, assemble thumpe r,  and partially deploy mortar package. 
U s ing UHT turn central station ASE safe/enable switch to enable. 
Emplace goephone s at 10, 1 60, and 3 1 0  foot points along a Northwest 
�ine, deploying geophone and thumper cables enroute . 

4 

5 

Return along the geophone cables  activating the thumper at the marked 
inter vals ;  appr oximately every 1 5  feet. Return to central station after 
final thumper activation. 
Using UHT turn central station ASE safe/enable switch to safe. 

6 Remove safety rods from mortar package , turn .on mortar package safe/ 
arm switches , return to the c entral station and enable the ASE. 

The mortar package and grenade s  will be activated by commands from MSFN on 
Earth some time (approximately one year)  after the astronauts and LM have left 
the Moon. 

4 -26.  Antenna Aiming - The final s tep  in all deployment sequence s befpre return­
ing to the LM is  to verify, and correct H neces sary, the alignment and leveling 
of the central s tation antenna. · The following operations , performed in the 
sequence shown, effect  antenna aiming: ; 

a .  Set  the a:1tenna in  e lev�.tion. 
b.  Set the antenna in azimuth. 
c .  Level the mechanism. 
d. A lign the shadow with the marked null line . 

On completion of antenna aiming, all foul' settings are checked and readjusted as 
neces sary. Any readjustment in leveling may require furthe r adjustment of the 
shadow null setting. Refe r to ltigure 4 - 1 1 for location of adjus tments and posi ­
tion readouts . 

The ALSEP antenna is  pointed to the mean position of Earth by means of the ele ­
vation, azimuth, and shadow adjustment s .  The three gimbal mechanisms pro­
vide null and angular adjus tm ents through worm and wheel ge'ars at a 72: 1 ratio. 
Correction range for each adjus tment is as follow s :  

a .  Sun shadow null :1: 1 5  degree s 
b. Azimuth angle :1: 90  de grees 
c .  Elevation angle :1: 50 degree s 

4- 2 1  
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Figure 4 - 1 1 .  · Antenna Aiming Mechanism 

Elevation and azimuth adjustments are made by rotating the applicable knobs .  Th.e 
e levation and azimuth angles will each be measured by two s cale s ,  a coarse s cale 
measuring increments of 5 degrees  and set  on the respective elevation and azimuth 
axis ,  and a fine s cale measuring increments of 1 /  ZO of each !> degree re solution 
and set  on the respective worm drive axis .  Data for these settings are derived 
from aiming tables (Figure 4 - 1 2 )  and relayed via the voice link between astronaut 
and MCC. 

. 

From these  two fixed data the mechanism sets the antenna at a predetermined 
angle in elevation and in azimuth. The azimuth and sunshadow null adjustments 
arc on a common axis. Therefore, the azimuth adjustment i s  relative to the 
· shadow null position. The elevation angle i s  measured relative to the local verti ­
cal set of the bubble level. 

The antenna is leveled to :1: 0 .  5 degrees  by adjusting the two knobs located on the 
lower side of the aiming mechani sm.  Se11s itivity of the leveling adjustments is  
1 degree pe r revolution of the knob. The a djus tment mechanism will correct up to 
:1: 6  degrees  from the horizontal plane . As the knobs are rotated observe the bub­
ble level to determine when leveling i s  accomplished. 
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Upon sati sfying the leveling requi rements, the shadow knob i s  rot'lted (which r o  _ 

tate s the me chani sm in a zimuth ) until a spec ified (null ) setting is positioned  d : r ­
e ctly under the shadow fr o1n the antenna mounted sun compa s s .  W ith thi s a c c o m ­

plished, the antenna i s  pointed towa rd the mean position of Ea rth within ± 0 .  7 d e _ 
gree s, and provide s a r eference dir e ction between LM and a s ubsolar point fr'Jm 
which fine antenna aiming is made. 

To che ck all adjustments after the mechani sm has been set, the bubble level i s  
positioned 3 - 1 /2 inche s out from the cente r of the me chanism and the elevation 
coa r s e  a�J. fine s cale s a::e set at each end of their respe ctive 3-xis.  

4 -27. POST -DEPLOYMENT OPERATIONS 

Communication between MCC and ALSEP i s  establi shed with the a ctivation of 
central station during deployment operations .  For 45 days A LSEP nperation i s  
monitored continuously. Command s which initiate spe cific a ctions r equired for 
normal ope ration are sent to ALSE P during thi s pe riod. Commands are also 
s ent to change or reque st status of A LSEP subsystemtl or expe riments. 

After the initial_ 45 -day period, MCC monitor s and controls ALSEP at least t.wo 
hour s out of each 2'4 -hour day and 48 to 60 hour s during lunar s unris� and sunset. 
For the active seismic expe riment, high data r ate is u.;ed either 1 5  minute s once 
a week or 30 minutes every two weeks. 

ALSEP transmis sion .(downlink) is received by r emote site s on Earth and relayed 
to MC C via tie line cable s.  Commands initiated by MCC are routed through 
another tie line cable to the remote s ite and a re transmitted to ALSEP. Thi s 
communication system is  refe r red to as the manned space flight network (MSFN). . . 
Because of the Earth ' s  r otation, it is  n�ces sary to establis h  remote sites a round 
the Earth. Remote site s for ALSEP will include the following : 

a. Goldstone, California (85 -foot antenna ) 
b. Carnarvon, Australia (3 0 -foot antenna ) 
c. Ascension Island (30 -foot antenna ) 
d. Hawa�i (30 -foot antenna ) 
e. Guam (30 -foot antenna ) 
f. Madrid, Spain (85 -foot antenna ) 
g. Canber ra, Australia (8 5 -foot antenna ). 

The stations s ele cted will provide transmitter s/re ceiver s in latitude about the 
equator ranging from approximately 34 degree s north to 37 degree s s outh. 

The 3 0 -foot dish antennas 
'
can be used for normal ope rations, but the 8 5 -foot dish 

antennas will be used when ALSEP is in the active seismic mode. ALSEP will be 
in the a ctive seismic mode apr r oximately one hour du ring deplo yment when the 
a stronaut a ctivate s the thumper,  and another hour at the end of one yea r  when the 
grenade s are launched (this is in addition to inte rmittent monitoring pe r'iods ). 

. . . 
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Longitude ZZ0 1 2 '  

Uppe r Gimbal Sun Compass  
Latitude +East - Wes'i. N. E .  Quad S. E .  Quad s . w .  Quad 

0°0 '  · z2 . o 

0°4 '  zz. o 

0°8 '  zz. o 

0° 12 '  zz. o 

4°48 ' zz. s 

4°52'  zz. s  

4
°

56 '  ZZ. 5  

5°0 '  ZZ. 5 

o .· o 0 . 0 

0 . 3 -0 . 4 

0 . 6  -0 . 8 

0 . 9 -0 . 2 

16 . 4 - 1 . 82 

16 . 7 - 1 8 . 6 

1 7 . 0 - 19 . 0 

17j - 1 9 . 4 

(Main T abie) 
. 0 Latitude 4 40 ' 

Sun Elevation 

(Correction Table) 
NOTE: Table entries are not correct and are 

given !or illustration only. 

- 1 . s 
- 1 .  1 
-0 . 8 
...0. 4  
-0.  1 
+0 . 3  
+0. 7 

. +1 . 0 
· + 1 .  z 
+1 . 6 

0 . 0 

0 .  1 

o . z  

0 . 3 

6. 6 

6. 7 

6. 9 

7. 0 

Fiaure 4 - l Z. Antenna Aiming Table (Sample)  
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There may be three separate .i> .LSEP systems ope rating s in , . , . 
Moon. C omm.unication with the� thre e  systems would be pro •, ;  
through integrated time frame e .  For instanc e ,  the 4 5 -day 1 ,  • • .  

mand per i.od for A LSEP No. 1 would b e  c omplete by the time 1 
emplaced. Within thi s time frame continuous monitoring of t -,, . ,  , 

would not be r equired. The present MSFN capabilities  pe rmit . .  . 
toring of one ALSEP and at the same time monitoring the othe l' : . . . . 
sharing ba sis.  

. . 

An MSFN station tapes ec.. .:-h A LSEP telemetry ( downlink ) contint� • ,  · � l ·.- . 
mum of two A LSEP: I> �._-c m mitored at MCC, and contrulled frorr, � �1 c: c. 
operation of three ALSEP1 s  simultaneously will require time - sha r i n g u! ' · ·· 
monitoring and control (but all three wil: he taped continuously). Whe n ; .. . 
i s  in the active sei smic mode, the transmi ssion of its high data rate to ' •  . . . '• " 

precludes monitor ing a second ALSEP.dur ing that interval. 

4 -2.8. MANNED SPACE FLIGHT NETWORK (MSFN) 

Typical MSFN and MC C A LSEP operations are described in the .following pa r a . 
g raphs. Be�ause  specific r esponsibilities  have not been defined, the des cript : <J :, 
i s  typical only. 
4 -29.  Downlink Transmiss ion. Figure 4 - 1 3  provides a block diagram illus t ra u r. L� 
the ALSEP functions of M.3FN. Telemetry data (enginee ring s tatus and s cienti fi c  
data) are transmitt�d by  A I.SEP and received by  the rem'Jte site 30 - or 85 -foot 
·dish antennas .  The si gnal i.s  routed !rom the antenna to the receive r rf  detection 
stage . The signul ( T/ M  t-it s tream ) from the de tectc s tage i s  tape recorded a s  
a backup in event the 1 4 -channel tape recorde r  or receive r are inope rative . Thi s 
tape is reused. The rf signal output from the de tec tor s tage is  demodulated and 
routed to the site computer and to a 1 4 -channel tape re ccorde r . All ALSEP da\.d. 
are recorded on this tape recorde r  !or the full year  regardles s  of whether MCC 
is m onitoring or not. The audio freque ncy 'bit stream is rt.� corde d  on one channe l 
of the 14 -channel tape recorder .  Another channel i s  u sed to automatically record 
the time -of-day ( Greenwich mean time) .  A third channe l is us(;d to ins e rt voice 
annotations as requi red. This includes information pe rtinent to the recorded data 
( de s cription of s tation abnormalities ,  time or signal gaps not caused by ALSEP).  

The 14-channel tape recorde r is  operate d  at 3 -3/4 ips . When the recorde r  reel 
is expended, the tape is r emoved and shipped to NASA -Houston where it is con­
verted to machine language !or s ubsequent detailed analyse s .  When requi red, 
another tape recorder is  connected into the same line and is s ta.rted prior to shut­
ting of! the first recorder .  This provide s  an ove rlap of the bit stream rather than 
a loss  of da ta. 

The modulated signal input to the site computer is e ncoded to format, s upplied 
wi th a heade r ( shows routing and addre s s ), and proce:s sed through the tie line 
cable. The computer proce s s  of converting the data �o format and inse rting the 
header res ults in a s light de lay; the refore , th� data pl'ocessed over the tie line 
cable i s  not quite in real tin1e . The tie line cable has a capacity of 2400 bps . 

4 - 2.5 
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TELEMETRY (DOWNLINK) - - - - - - - - - - - - -

REMOTE SITE ..- - - -. - - - - - - - - - - - -- - - -
I 
l 
I 
I r - - -

RF _ _ _  , 
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UPLINK 

COMPUTER 

- -,  I 
I I 

I 
I 
I 
I 
I 
I 

.- - - - -- - - , 
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VOICE AND TIME 
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Figure 4 - 1 3 . MSFN Functional Block Diagram 

The tie line cable carrying the telemetry data may terminate at a switching station 
(London or Hawaii ) wher e  the transmis sion is switched to anothe r tie line cable 
and routed to the Goddard Space Flight Center (GSFC ), At GSFC the switching 
procedure i s  r epeated and the telemetry data are r outed to MCC. At MCC the 
telemetry data ar� decoded and proce s se d  by computer for display. 

Principal inve stigator s (PI)  obs erve the display and make preliminary evaluations. 
The PI may advise the ALSEP controller c oncerning problems with hi s expe riment. 
Afte r evaluating data, in near real time, the PI may sugge st change s to the com ­
mand procedure i n  order t o  gain additional data. 

4 -3 0. Uplink Trat;lsmis sion. Cofnmand s are generated by the console co:1troller 
at the A LSEP cons ole command keyboard. The gene rated signal i s  r outed in tele ­
type code to the applicable remote site. At the remote site, the command trans ­
mi s sion is  fed into a compute r for formatting. · .The output of the compute r se rve s 
to modulate the remote site tran smitter and the command is transmitted to A LSF P. 

4 -26 
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A LSEP -MT -03 l :J e 4 -3 1 .  MCC Ope ration. The A LSEP console controller initiate s command s tr. 
A LSEP using the command keyboard. Telemetry data received from A LSE P a r c  

displayed on the console. As data a r e  re ceived, the controller evaluates the 
status of ALSEP and gene rate s cor rective commands as  required. For exampl e ,  
A LSEP may stop transmitting modulation o n  the car r ier in which case the console 
controller would probably i s sue a c otnmand for A LSEP to switch data proce :. s ors.  

.. 

The A LSEP c onsole controlle r also inse rts c ommands requi re d  fo r the no rm al 
ope ratic-n of ALSEP. The se include : mode selection, expe riment switching, 
GLA activation, and dus t cove r deployment ( refe r  to Appendix for a c omple te 
list of the normal c ommands ) .  

As ALSEP transmits enginee ring and £� cientific da�a back to  Earth ,  the ·controlle r 
must evaluate the s tatus of A LSEP through inte rpre ta tion of the data display. 

" Depending on de tail requirements and spe cifi c  mechanization, the di splays may 
include TV ( charactron) form ats , page printe rs, mete r s ,  X - Y plotte r s ,  analog 
s trip charts , and event lights .  The compute r handling the s e  di s plays can inse rt 
sensor c alibration data, compare them against preset  limit value s ,  and pe rform 
other analysi s  functions . 
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Abbreviation 

A /D 

ALHT 

ALSO 

ALSEP 

AMU 

ASE 

ASI 

Bx.A 

CCGE 

CCIG 

C FE 

CM 

CPA 

CPLEE 

cs 
DRT 

DS/S 

EGFU 

EMU 

EPS 

FCA 

F.E T  

F'rT 

GF!. 

GHz 

GLA 

GSE 

HFE 
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GLOSSARY 

Definition 

Analog to Digital 

Apollo Lunar Hand Tools 

Apollo Lunar Surface Drill 

Apollo Lunar Surface Experiments Package 

Atomic Mas s Unit 

Active Sei smic Experiment 

Apollo Standard Initiator 

Bendix Aerospace Systems Division 

Cold Cathode Gauge Expe riment 

Cold Cathode Ion Gauge 

Contractor Furnished Equipment 

<.:ommand Module 

Curved Plate Analyzer 

Charged Particle Lunar Environment . Experiment 

Central Station 

Uome Removal Tool 

Data Subsystem 

Electronics /Gimbal- Flip Unit 

Extravehicular Mobility Unit 

Electrical Powe r Subsystem 

Fuel Capsule Assembly 

Field Effect Transistor 

l''uel Transfe r Tool 

Government Furnished Equipment 

Gigahertz 

Grenade Launch A s sembly 

Ground Support Equipment 

Heat Flow Experim�nt 

. . . 
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GLOSSARY (cant) 

(> 
Hertz; Cycle s  pe r Se cond ··' 

Hz 

IPU Integrated Powe r Unit 

IST Integrated Systems Te st 

KHz Kilohertz 

KSC Kennedy Space Center 

LM Lunar Module 
' � LP Long Period i 

LSRL Lunar Sample Receiving Laboratory 

LTA Launch Tube A ssembly , 

MCC-H Mis sion Control Cente r -Houst.,n 
y � ME Magnetometer Experiment l MSC Manned Spacecraft Center 
i MSFN Manned Space Flight Network 

MSOB Manned Spacecraft Oper<1.tion Building 

NASA National Aeronautics and Space A�ministration 

NRZ Non R�turn to Zero 
i 

PAM .' Pulse Amplitude Modulation 

PCM Pulse Coded Modulation 
' 

PCU Powe r Conditioning Unit 

PDU Power Distribution UrJ.it 

PI Princ ipa'l Investigator 

PSE Passive Seismic Expe riment 

RF Radio Frequency 
• 

RFI Radio Frequency Interference 

R TG �adioisotope Thermoelectric Generator 

( SBASI ' -' :" . �. . 
Single Bridgewire Apollo Standard Initiator 

1 SEQ Scientific Equipment Bay in LM 

SIDE Suprathermal Ion Detector Experiment 
. 

SIDE /CCIG Suprathermal Ion Detector Experimen� with I I Cold Cath�cie . Ion Gauge 
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' GLOSSARY (cont) I } 0 { SM Service Modul.e 

i SP &hort Pe riod 

· SWE Solar Wind Experiment 

UHT Univer s al Handling T.ool 

VAB Vehicle Ass embly Building 
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Item 

A 
ASE Central (Station) Electronics 
ASE Data Ha11dlbg Function 

INDEX 

ASE Data Handling Function, Block Diagram (Figu:;e) 
ASE Detailed Functional Description. 
ASE Functional Description 
Active Seismic Experiment (ASE), Subsystem Functional 
Block Dia.gram (Figure )  
ASE G�ophone s  
ASE Grenade Launch Assembly (GLA) 
ASE Interconnecting Cables 
ASE Leading Particulars 
ASE Leading Particulars (Table) 
ASE Measurements (Table) 
ASE Mortar Box 
ASE Mortar Mode 
ASE Mortar Package 
ASE Mortar Package Assembly 
ASE Pas sive Listening Mode 
ASE Physical Description 
ASE Power Con.trol FWlction 
ASE Power Control FWlction, Block Diagram (Figure) 
ASE Safety Featur(lS 
ASE Seismic Signal Detection 
ASE Seismic ·  Signal Generation 
ASE Seismic Signal Generation Function, Block Diagram (Figure) 
ASE Seismic· Signal Detection Function, Block Diagram (Figure) 
Active Seismic Experi�ent Subsystem 
Active Seismic Experiment (ASE) Subsystem 
Active Seismic ExperimP.nt (ASE) Subsyetem (Figure) 
Active Seismic Sensor Simulator (Figure) 
ASE Thumper-Geophone Assembly 
ASE Thuniper -Geophone Assembly 
ASE Thumper Mode 
ASE Timing and Cont:i.·ol 
ASE Timing and Control Function, Block Diagram (Figure) 
Antenna Aiming 
Antenna Aimir.g Mechanism 
Antenna Aiming Mechanism (Figure) 
Antenna· Aiming Mechanism Alignment (Figure) 
Antenna Aiming Table (Sample) (Figure )  
Antenna and Aiming Mechanism (Figure) 
Antenna Cap Fixture (Figure) 

. . . 
� ... ,.,. 04* C. If!� ... ...., "'' .,.,..._ GII{U$ b¥ WA!A!'Mii!JI� ,It( ;:c;..,.pq .£.;4 4 q •• 141 411#\ J4!!4U)$W'4JW$44WIJ o;;. 444¥4<14!PA!£W4 J<l, II ¥1G4Atl& 4. 4 Q 

Page 

l- 165 
Z- 1 72 
Z- 1 73 
l- 1 67 
l- 1 66 

Z - 167 
Z-1 6Z 
l - 164 
l- 1 65 
Z- 1 65 
l- 1 65 
2- 1 74 
l- 1 64 
l- 167  
l- 1 6l 
l- 1 76 
Z- 16'7 
l- 1 62 
l- 1 75 
l- 1 75 
2- 1 75 
l- 1 7 1  
Z- 1 68 
2- 1 69 
Z- 1 7 1  
1 - 1 8  
Z - 16 1  
l- 1 63 
3 - 1 7  
2,.. 162  
2- 1 75 
Z- 167 
Z- 1 72 
2- 1 72 
4-21  
2-29 
4-ll 
4- 1 6  
4-Z4 
l-l8 
3.:.20 

1- 1 

•• 4 ........... "' • 4 #l ; 4 ' 



< ·-

.�1r ... ·..;· .. :.,.,.., :::-:::.�::::-
;'"';k-'i.;_� • .: �a:-

. -

; 
,;a - - -----

A LSE P-MT -03 

INDEX (cont) 

Ite m 

Antenna As sembly Description 
Antenna Functional De s c ription 
Antenna Leadin5 Particula r s  ( Table )  
Antenna Mast 
Antenna Mast Se ctions (Figure} 
Antenna Physical De scription 
Apollo Lunar Hand Tnols (Table} 
A LHT De sc ription 
Apollo · Lunat: Hand Tools (ALHT) Subsystem 
Apollo Lunar Hand Tools Subsystem 
Apollo !..unar H<l;nd Tools Subsystem Deployed (Figure ) 
.{\ LHT Subsystem .r ront and Rear Views of Flight Configuration ( Figure )  
A LHT Sub system Brush/Scrib�r/Hand Lens , Scoop,  and Staff ( Figure ) 
Apollo Lunar Surface Drill (A LSD) 
Apollo Lunar Surface Drill (ALSD) (Figure )  
Apollo Lunar Surface Drill 
ALSD Acces sory Group 
ALSO Battery Charging Unit (Figure) 
ALSD Batte ry Pack 
ALSD Detailed Functional Description 
A LSD Drill String 
ALSD Functional De scription 
ALSD Leading Particular s  (Table) 
ALSD, Partially Exploded View (Figure ) 
ALSO Physical De scription 
ALSO Power Head 
ALSO, Power Head, · Simplified C utaway View (Figure) 
ALSO Pres surization Unit (Figur e) 
ALSO Use in HFE (Figure)  
ALSEP Commands (Table )  
ALSEP Containers .. .. ; 
ALSEP C ontaine r s  (Figure) 
ALSEP Expe riment Sub system Flight Assignments (Table) 
ALSEP Flight Article Spare tJ (Table) 
ALSEP Flight System Maintenance Flow Diagram (Figure) 
ALSEP Functional De s cription · · · 

ALSE P Hardware Categorie s  (Table) 
ALSEP/LM Interface (Figure)  
ALSEP Mi s sion Introduction 
ALSEP Mission Objectives 
ALSEP Mis s ion Profile 
ALSEP OperaU.ons Locations ( Table) 
ALSEP Physical Description 
ALSEP Principal Investigator s 
ALSEP Pr incipal Investigator s (Table } 

1-2  

.. � . .  \ : - ' . .  

• • t 
. ·  ' . : 

' . 

Pa ge 

2- 2 7  
l-l9 
2- l9 
l-1  
l-1  
-l- l1 
2- 229' 
l- ll9 
Z- ll9 
1 - 1 9 
2-233 
2 --234 
2 -235 
l-l31 
l-l38 
1 - 1 9 '  

. 2-242 
3 - 1 9 ' 
2- 237 
2-243 

"l-l42 
2-·243 
2- 240 
l- 239 
2-237 

. 2-24 1  
l- 244 
3 - 1 8  

· 4- 19 
·. · .z- zo 

3-28 
3- 29 
1 - 5  
3- 9 
3-3 

. ' 1 -6  
3- 1 
1 - Z 
1 - 1  

. 1 -3  
. 1 - 1 
-. 4- 1 · 

1- 3 
1 - 1 9  
1 - ZO 

i -

G 

... 

., 

• "' 

'·- ... , .. • '" .._ -- 14:ta:PMA04iiiW.i!iiliMRi4i.®,ltfl�»>:t,� I 



I I I - - f I J I . I  

/ -' . 

·. 

I t l 
• ' 

.. 

0 

I 

ALSEP- MT -03 

INDEX .
(cont) 

Item 

ALSEP Scientific Objective s (Table ) 
ALSEP Subpackage No. 1 (Flights 1 and 2) (Figur e )  
A LSEP Subpackage No.  1 (Flight 3)  (Figure ) 
ALSEP Subpackagc No. 1 (Flight 4) (Figure ) 
ALSEP Subpackage No . 2 (Flights 1 ,  l ,  and 4) (Figure ) 
A LSEP Subpackage No . 2 (Flight 3) (Figure ) 
ALSEP Subsystem Introduction 
A LSEP Support Manuals 
ALSEP Support Manuals (Table) 
ALSEP Syst�m De s cription 
A LSEP System. Simplified Block Diag ram (Figure ) 
ALSEP System Te st Set (Figure ) 
ALSEP Telemetry Control Word Bit A s si gnments (Figur e ) .  
ALSEP Telemetry F rame Format (Figure) 

B 
B arbell Carry Mode (Figur e )  
Boydbolt TooJ.s (Figure) 

c 
Central Station E rected (Figure) 
CPLE:E I ALSEP Data..,Rubsystem Interface . 
CPLEE Channeltron ® Detector Typical Ele ctron Gain (Figure ) 
CPJ.EE Charge d Partide Detection Function, Block Diagram 

( Figure ) 
CPLEE Command List (Table ) 
CPI .. EE Data Handling Function 
CPLEE Data Handling Function, Block Diagram (Figure) 
CP�EE Detailed Functional De scription 
CPLEE Detecting Function 
CPLEE Discrimj nation and Programming Function, 

Block Diagram ( Figure ) 
CPLEE Environmental Control Function 
CPLEE , Functional Block Diagram (Figure) 
CPLEE Functional De s cription 
CPLEE Leading Particulars (Table ) 
CPLEE Major Components (Figure ) 
CPLEE Particle Dis crj mination and Programming Function 
CPLEE Physical Analyzer Major Components (Fig�re) 

· . ·  

Page 

1 -4 
1 ·  7 
1 - 1 1  
1 - 1 5  
1 -: 9 
1 - 1 3  
2 - 1 
3 - 28 
3- 28 
1 - 3 
1 · 1 7  
3 - 1 3  
2. 6 1  
2- 58 

4- 1 0  
3 - 23 

.4- 1. 5  
2- l 1 1  
2-206 

2-205 
2 - 203 
2 -.209 
2 - l09 
2-204 
2- 204 

2-.208 
. 2 - 2 1 0  

2-202  
2 - 202 
2-20 1 
2-.20 1 
2-20 7  
2-20 7  

J..-3 



I : 
- I 1 j 

I \ J 

I 

Item 

CPLEE Phys ical Description 
CPLEE Power Supply Func tion 

ALSEP- MT- 03 

L�DEX ( cont) 

CPLE E Power Supply Function, Block Diagram (Figur e) 
CPLEE Self- Te s t  Function 
Charged Par ticle Lunar Environment Experiment Sub system 
Charged Par ticle Lunar Environment Experiment Sub sys tem ( Figur e )  
Charged Par ticle Lunar Environment Experiment ( CPL EE) Sub system 
Cold Cathod e Gaug e Experiment 
CCGE Command Function 
CCGE Command Function, Block Diagr am ( Figur e )  
CCGE Data .Handling Function 
CCGE Data Handling Function, Block Diagram ( Figur e ) · 
CCGE Detailed Functional Descr iption 
CCGE El ectronics Pac kage 
CCGE Functional Des c r iption 
Cold Cathode Gaug e Experimer. �, Func tional Block Diagr am ( Figure)  
CCGE Leading Particular s ( Tal,le)  
C CGE Measurement Func tion 
CCGE Measur ement Function, Block Diagram ( Figure )  
CCGE Physical De scription 
CCGE Power Function 
CCGE Power Function, Block Diagram ( Figure )  
CC.GE The rmal Control 
CCGE Thermal Control Function 
CCGE The rmal Control Function, Block Diag ram ( Figur e )  
CCGE Timing and Control Function 
CCGE Timing and Control Function, Block Diagr am ( Figur e )  
CCGE Structural Housing 
Cold Cathod e Gauge Exper :.nent ( CCGE) Subsystem 
Cold Cathode Gauge Experiment ( CCGE) Subsystem ( Figu r e )  
Cold Cathode Ion Gauge 
Command Receiver and Da ta Proc e s sor Power Control ( FigurP. )  
Commerc ial Package s  

D 
Data Subsys tem 
Data Subsys tem 
Data Subsys tem, Simplified Block Diagra m  
_Data Subsystem Analog Data Multiplexer / Conver ter ( Figure )  
Data Subsys tem Analog Multiplexer / Conver ter , Block Diagram ( Figure )  
Data Subsystem Central Station Timer 
Data Subsystem Central Station Timer ( Figur e )  
Data Subsys tem Central Station Timer , Block Diagram ( Figure )  
Data Subsystem Central Station Timer Functional Descr iption 

1- 4 

Pag e  

2.- ZOO 
Z- 2.09 
Z- 2. 1 0  
Z- 2. 1 0  
1- 1 9  
l- 2.00 
Z- 1 99 
1 - 1 9  
l- lll 
l- 2.2.3 
l- 2.2.4 
Z- ZZ5 
l- Z 1 7  
Z- 2. 1 3  
Z- 2. 1 5  
Z- 2. 16  
Z- 2. 1 5  
Z- 2. 1 7  
Z- Z 1 8  
Z- Z 1 3  
Z- ZZ6 
Z- ZZ6 
Z- Z 1 5  
Z- ZZ6 
Z- ZZ7 
z- zzo 
Z- ZZ 1 
Z- Z 1 5  
Z- Z 1 3  
Z- 2. 14  
Z- Z 1 3  
Z- 77 
3- 2.8 

1-6  
Z- 17  
Z- 1 7  
Z- 5 1  
Z- 55 
Z-47 
Z-49 
Z- 49 
Z- 47 

( 

' 

, 

• 



� ' 
I I 
� 

0 

.. 

) I ' 

l 
0 

/ 
ALSEP- MT -03  

INDEX (cont) 

Item 

Data Subsystem Central Station Timer Phys ical Description 
Data Subsystem Command Decoder 
Data Sub s ys tem Command Decoder (Figure) 
Data Subsystem Command Decoder Flow Diagram (Figure ) 
Data Sub system Command De code r,  Functional Block Diagram 

(Figure ) 
· 

Data Subsystem Command De coder Functional De sc ription 
Data Subsystem Command Decoder Leading Particulars (Table) 
Data Sub system Command Decoder Physical De s cription 
Data Subsystem Command Re ceive r  
Data Subsystem Command Receive r  (Figure )  
Data Subsystem Command Re ceive r  Block Diagram (Figure) 
Data Subsystem Command Receive r  and Data Proc-e s sor Powe r 

Control ( Figure )  
Data Subsystem Command Receive r  Functional De scription 
Data Subsystem Command Re ceiver Leading Particular s (Table) 
Data Sub system Command Receiver Output Signal Characte ristics 

( Figure ) 
Data Subsystem Command Receiver Phys ical De s cription 
Data Subsystem Component Functions (Table ) 
Data Subsystem Component Location (Figure) 
Data Subsys tem Data Commands 
Data Sub system Data Proces sor 
Data Subsys tem Data Proc e s sor Flow Chart (Figure) 
Data Subsystem Data Proce s sor,  Functional Block Diagram (Figure) 
Data Subsystem Data Proc e s sor Functional De s cription 
Data Subsystem Data Proces sor Leading Particulars (Table) 
Data Subsystem Data Proce s s or Physical De sc ription 
Data Subsystem Delayed Command Functions (Table ) 
Data Subsystem Delayed Command Sequence ,  Functional 

Flow Cha rt (Figure) 
Data Subsystem Digital Data Proce s sor (Figure ) 
Data Sub syst·em Diplexe r 
Data Subsystem Diplexe r Filter (Figure) 
Data Sub system Diplexe r Filter Leading Particulars (Table) 
Data Subsystem Diplexe r Functional De scription 
Data Subsystem Diplexe r Physical De sc ription 
Data Subsystem Diplexer Switch (Figure) 
Data Subsystem Diplexe r Switch Diagram (Figure )  
Data Subsystem Diplexe r Switch Leading Particulars (Table) 
Data Subsystem (Flights 1 and 2 Configuration) , Functional 

Block Diagram (Figure ) 

. . . 

Page 

2-47 
l - 35 
2-38 
2-43 

l-39 
2-38 
l - 38 
l- 35 
2-33  
Z-33 
2-36 

l-17 
2-35  
2-34 

l-37  
2-33  
l- 18  
2- 1 9  
2-45 
2- 50 
2-63 
2 - 53 
2 -50 
2-55  
2-50 
2-47 

2-48 
2 - 5 1  
Z - 30 
2-30 
2-32 
2-32 
2-30 
2 - 3 1  
2- 3 1  
l-32 



I 

A LSEP -MT - 03 · 

Item 

Data Subsystem (Flight 3 Cc;mfigurati�n) , .Functional Block 
Diagram (Figure ) · · · . 

Data Subsys tem (Fli ght 4 Configuration) , _  Fu�ctional Block_ 
Diagram (Figure ) • .. . . · . .. . . 

Data Subsys tem Operating Modes 
Data Subsystem Physical" Desc ription 
Data Subsys tem Powe r Control . . 

Data Subsystem Power Di st�ib�Ho�'.Uni t "  .· · . · · ·,. 
' • 

Data Subsys tem Powe r  Dis tributi�n U,nit ,( Figur.e ) _  . , . 
Data Subsystem Power Dis tribution Unit, Block Diag�an: (.fj.gure) . 
Data Subsystem Power Dis tribution Unit _ Functional I;>esc-ription 
Data Subsys tem Powe r Dis trib�ti!)n qnit Lea:di.ng pa-rticulars (Table ) 
Data Subsys tem Power  Distribu'tio� Unit :?hys_ical :Oe s c.ription . . 

\ 
• • 

.. I , t  - f • o { 
' 

• • � • • 

Data Subsystem Powe r  Off Sequence r 
Data Subsystem , Simplified �lC?c� D.iagraiT_l ( ]figure) 

I ' � I .. . • .. • • • • • .. 

Data Subsystem Te mpe ratu re� and Y.oltage Sensor . . 
, 
. 

-. 

� 

.
· 

. 

Cir cuits · · - _ : . -�- · · · · . ' . · 
' ., .J • ) � .• • • • • ' ' • • • .... � .:· I 

Data Subsys tem Tim.ing and Cont'i"c)f :PU'lse ' ·Charaete risti
.
cs in 

Page 

Z-21  

Z -25 ; 
2 - 56  
Z- 1 8  
Z- 74 
Z-68  
Z-6.8 . 
2-J l 
2-69 
2-69. 

. - �-� 8 
2. - 69 . 
2.- 1 7  

· : . 
Normal A LSEP Data Mode ( Ta�le.) 

Data Subsys tem Timing and' C�ntrol .Si�naf�· ·- · ' . ' 
,; : ; .. f 1 - t :  '• I 2. -56 . . I �  1 � .
. 
. ·. 

'
' '

• 

. • ! • 
Data Subsystem Transmitte r 1 , _: ·l� :·, { I · : ! ··'' , _  . .  
Data Subsys tem Transmitte r ( Figure ) 

, �. . , . . 
Data Subsyst�m Transmitter ,  Block Diagra� ( Figure ) . .  , . . 
Data Sub�ys tem Transmitter Fun�tion�.l De sc;�"ipt�o.n . 

· 

Data Subsystem Transmitt�� Leading �artfc�lars ' ( T�ble ) . 
. 

. , ; · .
, 

Data · Subsystem T r·a.nsmitter 'Physical De sc ription . 

Data Subsys tem Transmitter P.owe r  Coiltr<:>l (Figure ) 
Data Subsyst'em Uplink Tran:sm_fs si�n: , · .  · . · · . · .: � · . • · ·• 

Deployment · · · · · · · · · - -· 
· ·· ' 

· 
,. ' . ; i  , .  • , . . . • 

Deployment Decals (Figure ) . . . . . . . . , . 
Deployment Arrangement FlightS' 1 · and i, 'Typi�al (Figure ) 

. 
Deployment Arrangement Flight 3 ,  Typical , ( Figure ) 

' · • 

Deployment Arrangement Flight 4 ,  Typical ( Figure ) · 
Deployment (Flights 3 and 4 )  
Deployment 'Tools ( Tabl� )_ ,  

De scent to Lunar Surface · 
Downlink T ransmis sion 

• I. .• • 1 � ; • � ' .. . . ... :.: ' . , .. ..  
•-. . * , "  . ' 

. · . ' . . . . 
E ' . ' · ,. . . . . ' 

Electr ical G.round Support Equipm'enf (Taple )
' · · 

Electr ical Power Subsys te;n . . . : : . .  ' · , ; · · · · ·  · 
El ectr ical Power Subsystem 
Electrical ' Power Subsystem ( Figure )  

· BPS Detailed Func tional De scription 

• 
• I �  of 

• • • • • ,I 

.· 

. ,. 
: l 

. - . i 

Electr ical Power Subsystem, Functional Block Diagram ( Figur e )  

2.- 5 7  . . · . ·i-62 , :  

2.-6 5 
z- 67 
2.-62 
2. - 65 
'2 -62 
2.-75  
4 -26 
-4 �9 
4 - 1 0  
4 - 1 1 
4 - 1 � 
4 - ! 3  
4 - 1 8  
4 -7 

.4 - $ .  
4 -ZS 

3 -· 1 2.  . 
. - 1� 6  •

,
• ' : . .  - 2."'\ 1 1  . 

z.: 1 2  
2.- 14 
2.- 14 

j 

J I .. j ! i 

• I 

, 
_ , . 

0 
t . . 
f. 



1 I j I I 
• 

• 

... 

I 

Item 

EPS Func tio nal De scr iption 
EPS Fuel Capsule A s s embly ( FCA) 
EPS Fuel Ca s k  
EPS Lead ing Par ticular s 

INDEX {cant) 

El ectr ical Power Sub s ystem Lead ing Par ticular s ( Table ) 
EPS Phys ical Descr iption 
EPS Power Conditioning Unit (PCU) 
EPS Power Cond itioning Unit 
EPS Power Gener ation Function, Bl'Jck Diagr am ( Figur e )  
EPS Power Regulation Function,  Block Diagram ( Figur e )  
EPS Radioisotope Thermo elec tric Generator (R TG } 
EPS Radio isotope Thermoelectric Generator· 
Electr ic Fuel Capsul e Simulator { Figu� e )  
Enviro nmental Te st  Chamber {Figur e )  

F 
Flight Four 
Flight Mode 
Flight Three 
Fuel Capsule Handl ing Equipment ( Table)  
Fuel Capsule Handling Equipment ( Figur e )  
.fuel Cask/Siructur e A s s embly Handling Equipment ( Table)  
Fuel Cask/Structur e A s s embl y Handling Equipment ( Figure )  
Fuel the R TG 

G 
Gamm a  Contr.o l  Cons ole (Figure ) 
G LA Test Fixture ( Figure )  
Grenade Launch A ss embly Te s t  Set ( Figur e )  
Ground Suppor t  Equipment (GSE) 
GSE Electr ical 

· 

GSE Mechanical 

H . 
HFE Analog Houseke eping Datums ( Table}  
HFE Command Lis t  ( Table )  
HFE Command Proc e s s ing Function 
HFE Command Pro c e s s ing Function, Blo c k  Diagram ( Figur e )  

· liFE Conduc tiv ity Heater Func tion . . 
HFE Conduc tiv ity Heater Func tion, Blo ck Diagram · .( Figur e ) 
HFE Data Handling Func tion . 
HFE Dat a Handling Func tion, Block Diagram ( Figur e )  
HFE/Data Subsystem Inter fac e 
HFE Detailed Func tional De scription 
Heat Flow Experiment, Func t�onal Blo c k  Diagram ( Fi91 r e )  

Page 

2- 1 1  
2- 1 1  
2- 1 1  
2- 1 1  
2- 1 3  
2- 1 1  
2- 1 1  
2- 14 
2- 1 5  
2- 16 
2- 1 1  
2- 14  
3- 1 9  
3- 15  

4- 2 1  
4- 6 
4- 1 8  
3- 24 
3- 26 
3- 24 
3- 25 
4- 8 

3- 14 . 
3 -23  
3- 16 
3- 1 1  
3- 1 2  
3- 1 2  

2- 1 97 
. · . 2.:. 1 8 3  

: 2- 1 8 :l  
·z- 1 84 
Z- 1 «lZ 
Z- 1 93 
2- 1 93 
Z- 1 94 
Z-. 1 95 
Z- 1 8 3  
Z- 1 8 2  



i 1 I 
I ! . 

) 

I 

A LSEP- M T- 03 

INDEX ( cont) 

Item Page 

H FE Func tio nal D e s c r ip tion 2 - 1 8 1  
H F E  Lead ing Pa r ticular s  ( Tabl e ) 2 - 1 81 
H FE Mea sur emen ts ( Tabl e )  2 - 1 89 
UFE Mea sur ement Dig i tal Da ta Format ( Figur e )  2 - 1 9 6 
HFE Mea sur em e n t  Sequencing Fu nc tion, Blo c k  D iagram ( Figur e )  2 - 1 9 2 
H FE Phy s ical De s c r iption 2 - 1 79 
H FE Pow er and El e c tronic s Th er mal Control Func tion 2 - 1 94 
HFE Powe r and Ele ctronic s The rmal Control Funct ion, B lock Diagram ( Figure ) 2 - 1 9 5 
HFE Power Supply and The rmal Contr ol, Func tional Blo c k  

Diagram ( Figur e )  
H FE Probe Emplacement ( Figur e )  
Hea t Flow Exper im·ent Sub s ys tem 
Heat Flow Expe r iment ( H FE )  Sub system 
Hea t Flow Expe r im ent ( HFE) Sub sys tem ( Figure )  
Hea t Flow S e nsor S imula to r  ( Figur e )  
l-I FE Temperatur e Measur ement Function 
HFE Tempe r a ture Mea sur ement Function, Blo c k  Diagram ( Figure )  
HFE Tim ing a nd Con trol Func tion 
H FE Tim ing a nd Control Function, Block Diagram ( Figure )  

I 
IPU B reakout Box ( Figure ) 
Inte g rate d Power Unit Te s t  Set ( Figure ) 

K 
KSC ALSD Ins tallation 
KSC ALSEP Equipment Checkout ( Table ) 
KSC ALSEP Insta llation in LM 
KSC Equipment Calibration 
KSC Equipment ·che ckout 
KSC Fit Che cks 
KSC Fi t Che cks ( Table ) 
KSC Fue l Cask and Fue l Capsule Installation 
KSC GSE Calibration ( Table ) 
KSC Inspection 
KSC Inspe ction { Table ) 
KSC Inspe ction and Checkout 
KSC ALS EP Installation 
KSC Ordnance Ins tallation 
KSC Prelaunch Checkout ar. ..: Installation 

1 - 8  . . . 

2 - 1 9 6 
4 -20 
1 - 1 8  
2 - 1 79 
2 - 1 80 
3 - 1 8  
2- 1 85 
2 - 1 9 0 
2 - 1 85 
2 - 1 9 0 

3 - 1 5 
3 - 1 4  

4 -4 
4 -4 
4 -4 
4 -2 
4 -2 
4 -2 
4 -5 
4 -5 
4 -4 
4-2  
4 -3 
4 -2 
4 -2 
4 -2 
4 - 1  

• 

• 

0 ' 



I I I I ' l 

- I  
--· �·1 

� --� l i� �:.� 

I 

Index 

L 
Leve l A Maintenance at BxA 
Level A Mainte nance at KSC 

ALSEP-MT-03  

INDEX (coot) 

Leve l A Maintenance Flow Diagram ( Figure ) 
Lunar Surface Ope rations 

M 
Manned Space Flight Ne twork (MSFN) 
MSFN Functional Block Diagram ( Figure ) 
Magnetomete r  Expe riment ( Figure ) 
ME Calibration and Sequencing Function 
ME Calibration and Sequencing Function, B lock Diagram ( Figure ) 
ME Command Lis t  (Table ) 
ME Data Handling Function 
ME Data Handling Function, Block Diagram ( Figure) 
ME Data Subsystem Inte rface 
ME Deployment ( Figure ) 
ME Detailed Functional De s cription 
ME Ele ctromagnetic Measurement and Housekeeping Function 
ME Electromagnetic Measurement and Housekeeping Function, 

Block Diagram ( Figure ) 
ME Enginee ring and Status Data Proces sing 
Magnetomete r  Expe riment, Functional Block Diagram ( Figure ) 
ME Functional De scription 
ME Leading Particulars ( Table ) 
ME Physical Des c ription 
ME Powe r Control and Timing Function 
ME Power Control and Timing Function, Block Diagram ( Figure ) 
ME Scientific Data Proce s sing 
ME Sensor Orientation Function 
ME Sensor Orientation Function, B lock Diagram ( Figure ) 
ME Site Survey Sensor Gimbal and Flip Sequence ( Figure ) · 
Magnetomete r Expe riment Subsystem 
Magnetometer Expe riment (ME) Subsystem 
ME Thermal Control Function 
ME Thermal Control FUnction , Block Diagram (Figure )  
Magnetometer Flux Tanks (Configuration B)  (Figure )  
Maintenance Conc ept 
Maintenance Level A (System) 
Maintenance Level B (Spec ialized ) 
Mechanical Ground Support Equipment ( Table ) 
MCC Operation 
MSFN Functional Block Diagram (Figure )  

Page 

3 -2 
3- 1 1  
3 -5 
4-5  

4 -25 
4 - 26 
2 - 108  
2 - 1 1 3  
2 - 1 14 
2- 1 1 2  
2 - 1 1 9  
2 - 1 20 
2- 1 22 
4 - 17 
2- 1 1 1  
2- l i l  

2 - 1 1 2  
2- 1 20 
2- 1 10 
2- 1 08 
Z- 1 09 
2- 107 
2 - 1 2 1  
2-1 22 
Z- 1 19 
2- 1 1 6  
2- 1 1 7  
2- 1 1 8  
1 - 1 8  
2 - 107 
2- 1 2 1  
2- 1 2 1  
3· 1 3 
3- 1 
3- Z 
3- 1 1  
3-20 
4- 27 
4- 26 

1-9 

•• <t t"!Jr -.;_4\ .,Afii t;4 J.� bi!i,,, ,J44Uki 4Qbd ,QB$§4 44  i&ib li 141M t .»M41414 �?Ji..it .* ..... '?'* JNI'kiWSa.:a I A* w .. JOf; :us: t i¢14;to_q;tpt,tt,Nii1ttliR.,QQ 8'-M--* . .. ceq -� 
- . .  ,-



j 

I 

ALSEP -MT-03 

INDEX ( cont) 

Index 

0 
Ope rations , General  

p 
Pa s sivE> Seismic Experiment ( PSE)  Subsystem 
PSE Command Functions 
PSE Command Functions ( Table ) 
PSE Data Handling 
PSE Data Handling Function, B lock Diagram . ( Figure ) 
PSE Data Word Ass ignments in ALSEP Telemetry Frame ( Figure ) 
PSE Detailed Functional Des cription 
PSE Electronics A s sembly 
PSE Functional Description 
Passive Seismic Experiment, Functional Block Diagram (Figure) 
PSE Leading Particulars 
PSE Leading ParticulArs ( Table ) 
PSE Leveling Stool 
PSE Long Period ( �P) Chc:.nnels 
PSE Long Period Seismic Activity Monitoring Function, Block 

Diagram ( Figure ) 
PSE Measurements ( Table ) 
PSE Monitoring Functions 
PSE Monitoring Functions 
PSE Physical De scription 
PSE Power Converte r 
!>SE Power Conve rter Function, B lock Diagram (Figul'e ) 
,�. 'SE Sensor Assembly 
PSE Short Period (SP) Channel 
PSE Short Period Seismic Activity Monitoring Function, Block 

Diagram ( Figure ) 
PSE Shroud Deployment aud Experiment Leveling ( Figure) 
Pas sive Seismic Expe riment Subsystem 
Passive Seismic Expe riment Subsystem (Figure ) 
PSE Supporting Flmctions 
PSE Supporting Functions 
PSE Temperature Monitoring Channel 
PSE Thermal Control 
PSE The rmal Control Function, ·  Block Diagram (Figure ) 
PSE Thermal Shroud 
PSE Uncaging and Leveling 
PSE Uncaging and Leveling Function, Block Diagram (Figure) 
Passive. Seismic Sensor Exciter (Figure) 
Post-Deployment Operations 
Po st- Landing Ope ration a 
Predeployment 
Predeployment Events (Table) 

I - 10  

Page 

4 - 1  

Z-79 
Z-87 
Z-88 
Z-96 
Z-95 
Z-97 
2-90 
2-82 
2-84 
2-85 
2-82 
2-83 
2-82 
2-90 

2-9 1 
2-98 
2-86 
2-90 
2-80 
2- 106 
2·105 
2-80 
2-93 

2-93 
4 - 14 
1 - 1 8  
2-81 
2-86 
2-94 
2 -94 
2 - 1 04 
2 - 1 05 
2-82 
2 -9 8  
2 -99 
3-1"1 
4 -23 
4 -7 
4 -8 
4 -8 
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INDEX (cont) 

Index 

R 
RTG Simulator ( Figure ) 
Remove ALSEP Equipment from the LM 

s 
SWE Analog -to-Pulse - Width Conve rte r 
SWE bandpas s  Amplifi e r  
SWE Conver s ion Counte r 
SWE Conve rt�r and Tempe rature Calibration Driver 
SWE Current Calibrate Gene rator 
SWE Current Limite r 
SWE Current Surge Suppres so r  
SWE Data Handling Function 
SWE Data Handling Function, Block Diagram ( Figure ) 
SWE Detaile d  Functional Description 
SWE DC Amplifier 
SWE Dust Cover Re lease Function 
SWE Electronic As sembly 
SWE Faraday Cups 
SW E Fa1·aday Cup Diagram ( Figure ) 
SWE Frequency Divider 
SWE Functional Des c ription 
SWE, Functional Block Diagram (Figure )  
SWE Heaters Function 
s·,vE High Voltage Gene rator 
SWE Input .Decode r 
SWE Inverte r 
�WE Leading Particulars 
SWE Leading Particulars ( Table ) 
SWE 

·
Le g  Assembly 

SWE Level Inhibit and Misce�laneous Sync 
SWE Main Counte r  
SWE Measurement Function 
SWE Measurement Function, Block Diagram ( Figure) 
SWE Modulator Calibrator 
SWE Modulation Function 
SWE Modulation Function, Block Diagram ( Figure ) 
SWE Output Commutator 
SWE Output •transformer,  Rectifiers,  and Filte rs 
SWE Physical Des cription · 

SWE Power Supply Function 
· SWE Power Supply, Block Diagram ( Figure ) 

SWE _Preamplifiers 
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2- 1 38  
Z - 143  
2 - 1 28 
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SWE Pre amplifier Switche s 
SWE Read-in Gates 
SWE Relay- Ddve r 
SWE Relays 
SWE Segment Driver 
SWE Sequence Counter 
SWE Sequencing Function 
SWE Sequencing Function, Block Diagram ( Figure ) 
SWE Sensor. A ssembly 
SWE Shift Register 
SWE Spike Suppressor Circuits 
SWE Stai rcase Gene rator 
SWE Subcomm utator A 
SWE Subcommutator B 
Solar Wind Expe riment (SWE) Subsystem 
Solar Wind Expe riment Subsystem ( Fig'.lre) 
Solar Wintl Expe riment Subsystem 
SWE Sun Sensor 
SWE Sweep Drive r 
SWE Synchronous Demodulator 
SWE Tempe rature Sensors 
SWE The rmal Control Assembly 
SWE 2KHz Drive 
SWE Voltage Calibrate Generator 
SWE Voltage Control Amplifier 
SID�/ CCI G  Command• (Ta\)le )  
SIDE Command Function 
SIDE Command Function, Block Diagram (F'igure ) 
SIDE Data Handling Function 
SIDE Data Handling Function, Block Diagram (Figure ) 
SIDE Detaile d Functional Dea criptiou 
SIDE Functional Descr�ption 
SIDE I on Detection Fcncti.m 
SIDE Ion Detection lo .. unction, Block Diagratn (Figure) 
SIDE Leading Particulars ( Table ) 
SIDE Physical Description 
SIDE Programme r Function. 
SIDE Programme r Function, Block Diagram (Figure ) 
Standard Tools , Tea t  Equipment, Facilitie s and Supplie s 
Structure/ Thermal Subpacbge NQ. 1 
Structure , Subpackage No. 1 (Figure) 
Sh·ucture/ Thermal Subpackage No. 2 
Structure , Subpackage No. Z ( Figure ) 
Structure/ Thermal Subsystem 

I- 1 2  

() 
Page 

2 - 1 3 3 
2 - 142 
2 - 1 36 
2- 137 
:: - !40  
2 - 1 3 8  • 

2- 1 37 
2- 1 39 
2 - 1 28 
2- 143 ' 

2- 144 
z:. 1 35 
2- 142 
2- 142  
2-1 25 
2- 1 26 
1 - 18 
Z - 1 34 
2-140 
2- 1 34 
2- 134 
2- 1 28 
2- 136 
2- 143 
2- 135 
2- 153 
2- 15 1  
2- 152 
2- 158  
2-1 59 
2-151  
2- 150 
2- 154 
2- 155 
2- 1 50 
2-149 
2-152 
2- 154 
3-27 
2-3 
2-4 
2-3 
Z-5 
Z- 1 0 



· I  ! 
' 
; 

: I  

1 I 
- .  _j 

] ( 

J c  

• 

• 

• 

• 

I 
,,1 'd * ' tt<·+�- · · trtr'' s * a'· .... � .. .u.. .. w .... .-...... ... . � .. - _,__.� --......... ·«--- -�-��--- ......._..--:� 

�LSEP-MT -03  

INDEX (cont) 

Ind ex 

Struc ture / Thermal Sub sys tem 
Struc tur e / Thermal Dus t  Detec tor ( Figur e )  
StrL �ure / Ther mal Sub s ys tem Du st Detec tor De scr iption 
Struc tur e / Thermal Sub sys tem Dus t  Detec tor Functional De scr iption 
Structur e / Thermal Subsystem Du s t  Detec tor Phys ical De s c r iption 
Structur e / Thermal Subsys tem Dus t  Detec tor , Simplified Block 

Diagram (Figur e)  
Structur e / Thermal Fuel Ca sk Structure A s s embly 
Structure / Thermal Fuel Ca sk Mructur e A s � embly ( Figur e )  
Structur e / ThermJ.l Subsystem Functional Description 
Structur e / Th�r mal Handling Tools 
Structur e / Thermal Handling Tool s  ( Figur e )  
Structure / Thermal Subsys tem Leading Particular s ( Table)  
Structure / Thermal Subs ystem Phys ical Description 
Subpackage Configuration, Flights 1 and 2 ( Table )  
Subpackage Handling GSE ( Figur e )  
Subpac kage No . 1 Structure / Thermal 
Subapckage No . 2 Structure / Thermal 
Suprathermal Ion Detector Experiment, Func tional Block 

Diagram { Figur e )  
· Suprathermal Ion Detector Exper iment (SIDE) Subsystem 
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INTRODUCTION 

This document tabulates the commands use d  in the four ALSEP flight .oystems .  
Table 1 lists the commands b y  s ymbol, flight, nomenclature, numbe r, and 
termination point . .  Table Z ,provides a summary of command allocation. 
Table 3 c ros s -refa rences  <;'ommand numbers and command functions . 
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SI!!!J!ol 
CD-31 

CD-3Z 

eo-33 
CD-34 
CD-35 

CD- 1 

CD·Z 
CD-3 
CD•4 

CD-5 
CD-6 
CD-7 
CD-I 
CD•9 
CD- 10 
CD-11  
CD-lZ 
CD- 1 3  
CD-14 
CD-15 
CD-16 
CD-17 

Flig::t . System• 
.. 
4 

AU 

.. 

.. 

..  

.. 

" 

.. 

.. 

" 

.. 

It 

" 

.. 

" 

.. 

.. 

TABLE 1 

Command Nomenclatu!:.!, 

ASE Higb.Bit Rate ON 3 

ASE High Bit Rate OFF 1 

Normnl Bit �ate 1, 3 

Slow Bit Rate 
Normal Bit R�te Reaet4 

Tranamitter "A" SelectZ 

, Tranamitter ON 

Tranamitter OFFZ 

Tranamitter "8" =?.elect 
PDR 11 ON 

PDR fl OFF 

' PDR IZ ON 

PDR fZ OFF· 

DSS HTR 3 ONZ 

DSS HTR 3 . 0FF 
Data Proc•••or "X" Select2 
Data Proceaaor "Y" Select 
Experiment 1 Operation&� Power ON 

Experiment 1 Standby Power2 
Experiment 1 Standby OFF 

Experiment Z Opu·atl.ona.l Power ON 
z Experiment Z Standby Power • 5 

1 Preaet eur.-- operatiq mode. 

Octal 
Command 

003 

005 

OOb 

007 

01 1 

Ol Z  
01 3 

014 

01 5 
017 
OZl 

o zz 

O Zl 
O Z4 
o zs 

034 

035 

036 

037 

041 
04Z 
043 

2 LaDar 8urface initial condition• pro;-�-mzaed in durinc final ayatem checkout. 

3 Chan&ea bit rate at end of ALSEP fr�me durin& which command executed. 

4 Chana•• bit rate upon command exec�ation. 

Decimal 
Command Termination Point 

3 Data Proceaaor 

5 

6 " 

7 .. 

9 .. 

1 0  Powel !'�at. 'Unit 
1 1 .. 

1Z  . .  ..  " 

1 3  

1 5  . .  . .  

17 ..  ..  .. 

1 8  .. " .. 

19 . .  .. ..  

zo . .  . .  . .  

Zl . .  . .  . .  

Z8 .. ..  .. 

Z9' 
30 .. " .. 

3 1  .. .. 

33 " .. .. 

34 " .. ..  

35 .. " " 

SFor Flight systems 1 and Z ,  Experiment Z is effectively OFF in this mode .  

' • 

> 
� M 'i; 
I . a:  
>-3 
I 0 

...... 

[') 

' 
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TABLE l (CONT. ) 

Fliaht Octal Decimal 
SW'bol sxstems Command Nomenclature Command Command 

CD- 1 8  All Experiment Z Standby .OFF 044 36 
: CD-19  " . Experiment 3 Operational Power ON 045 37 

co-zo " Experime�t 3 Standby Powe rz 046 38 

CD-Zl .. Experiment 3 Standby OFF 050 40 

CD-ZZ .. Experimer�:t 4 Operational Power ON osz 4Z 

Ct)•Z3 " Experiment 4 Standby Powe r2 
053 43 

CD-Z4 II Experiment 4 Standuy OFF ' 054 44 

CD-ZS · .. DSS HTR 1 Select ( l Ow) 055 45 

CD-26 .. DSS HTR 2 Select (Sw) 056 46 

CD-Z7 .. DSS HTR 2 OFF2• 3 057 47 

CD-36 II Timer Output Acceptl 03Z Z6 

CD-37 II Timer Output Inhibit 033 Z7 

CU•l .. PCU fl Select1 . 060 48 

cu-z . .  PCU fl. Select 06Z so 

CL•1 .. Gain Chanae LPX, LPY 063 51 
(Steps throuah followiq sequence olle step per commalld) 

- 30dbl 
Odb 

• l Odb 
·ZOdb 

CL•2 " Gain Change LPZ 
(Steps throuah liame sequence as 
CL-1)  

CL-3 .. Calibration SP ON/OFFl 

CL-f .. Calibratlon LP ON/OFFl 

1PnHt tu�-Oil opera� mode. 
' ' 

0 64 

065 

066 

2�,. •vface initial coftditiolls proarammed in durinJ final syetem check out. 

lcommand CD-Z7 must be preceded by CD-Z6 . 

sz 

, ' 53 

54 

Termination Point 

Power Dist. Unit. 

" 

It " 

" II It 

II  " " 

I t  

I t  " It 

.. It 

.. II  I I  

. .  " 

Conunand Decoaer 
" " 

Power Cond. Unit 
" .. 

Passive Sehmic Exp. 

" " 

.. It " 

" .. " 

> 
f;; M "tl 
I � ...., 
I 0 � 

' 
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> 
I 

... 

� w 

.,_ 
C&.-\ 

CL-6 

CL-7 
Ct.-11 

CL·t 

CL·IO 

C&.-ll 

ca.-u 

CL-I J  

CL-14 

CL-15 

CT·I 

CT·I 

CT·J 

CT-4 

CT·5 

CC·I 
cc-z 

CC·J 

«-• 
CC•5 

Floaht 
!relf'tn CuntmaMI Nt�tttettel..t•re 

All Gala C ...... • SPY. 
(St.p• 'lhrouah cAm• • .,.....,. •• CL ... IJ 

Lew�Una Powe• x MutorZ ON/Of'F1 
Lwella• ........ T Mutorz ON/OFFI 

Lev-eli•a Pvwer 7. Mow .. 1 ON/OF .. I 

u •••• A•m/Firt" 

a.-.u.,. Dlrecu-z Plv•1 I M1nt.1• 

Lwellall lpe� Low1 / Hiah 

• nUL\. • tf.o:or-. \ 

Tllermai Control - Auwl / Maftll&l4 

I, Z. 4  

J,t 

re.-.k rucer IN/OUT I 

eoa .... Level ....... 1N/OUT 1 

Leveliftl Moolez Autoi /Manual 

SIDE Loed C:...d II Comrn•nd 

SIDE Loed Cm4 IZ Fuftct'ion.--

SIDE Loed Cm4 U A• 1huwn 

SIDE Load Cm4 14 U\ Note I 

SIDE Eaec"'• ComMaad on P•x• 1 S  

CPLEE Operatie>ftol Heacer 
-oN ' · � 

CPLEE OperatloMI Heater OFF 

CPLEE Dooet c..rer Ile-al 

CPL£E Automatic VolPI&• s..-ence · Of\ I 
CPLE£ Step Vol,..ae L""ell 

(Step• vnlta,;c throuah lnllow•nc et�otp• 
one •tep per c-omnvn4) 

JSOO 
lSO 
lS 
0 

· lS 
.. }�6 
• !<oi'O 

0 ott1':t repeat 

1
Pre- _, __ _ ,.u .. , -.. 

u .. , .. , 
� 

0�1 

070 

011 

on 

071 

074 

on 

076 

101 

IOZ 

103 

1 04 

105 

106 

107 

110 

I l l  

I l l  

l i J 

· · � 

l i S  

D��:t.lm•'\\ 
� 

�\ 

\� 

57 

51 

59 

60 

61 

u 

65 

66 

67 

61 

., 

70 

71 

n 

7) 

74 

75 

1(> 

71 

1M.,...l lewellfta e...,.ce ia •• f.,llowa: Send CL· I 5  to C"ltar.t;f' from au.to to manuJ l•v•Una mocl•� �MnJe- direC"tlot�, alldl ... ed br CJ..- 1 0  aNI CL•J 1 •• ftC!C'e•••f'Y· and then ett«u.te levelln1 OJ'•�"•tinn by •endtnA &pJ'r4"prtat� htve\inf 
motor c....,.....cla, CJ.-6, C.L-7, nr CL.-1. Levelm'- c-perAUon ia terminatf"d by retrananuaatC'In of CL-6. CL-7, or CL-1. 

'c. ......... •..-nee ,. to ..... cc-• aiWI then •end cc .. � to -'•P V(····�· l•v•l�. CPLEE •tnP• It ·�·· tl . .  
oa at. time ol comln&ftd ...cutioll • 

............ of comtna..,. I• auto onlJaut.o ofliMAnuA\ od/ rnanUAl oft. 

5
T��ere are three CPL.££ heAter mo4See. On inldal ttllrn on tl\.- CPL££ thtorn'tottAt ,.,.ntr.,la the he3tt'r•. CC· l  

wer t'Wee dtermoetat and turna 'heater• on. CC-Z: turn• heat•r• ,u. CPl.EE i a  plo��clt'd back on th,•rm,atat �­
e..,.riment power t.ra off and hack oa. 

" 
.. • 

T•rm•ru.tioft Po, .. , 

Pas•we Se••m.•c. E.xp. 

Suprathormal loft Det. 

Char•ed Partl�1e Eap. 

• 0 

> 
� 1:':1 "C 
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'-



if 0 ,, , - ' }ra f:: ¥ ?tt '} ''l i ,; ', . ..c· I . ' I ' · I a :ts:s u ,..,u ••• :a;••• . , , • -- ... • . ...-

1 

etr· -'i.twv· rtYMz-± frr e n  rm· ·M:en ,htilk·t - 1· urnate nr·:•erxiMstrd'rtH'iri 'a tr;eid"ttttS t' tfti,; •· ·s.i't ilts$i$e1t' � · · -f '"-' J . 1'  • bet&' 'h&tt1M"e'**" t ns&rt· bttt «rt · ·r n ••• • , ... 7-u�w... .. u..._......._ 

> 
I \11 

" .., I 

Fll ... 
!Z!!!!!!L � 
c:c:-• J,4 

CC-7 .. 

CC-I .. 

C:W·I 1,1 

CM·l .. 

CM-& .. 

CM·J .. 

CM-4 .. 

CM·I .. 

.. 

TABLE 1 (CONT. ) 

Coaunaad Nomendat:taH 

CP�tlc Volta .. Se<a•ac• • OFJ'l 

CPLifCitaaiNlti'OD Volta .. Jacn&H • ON 
(Ooe otep lncroaoo Ia volta .. l 
C�-ltooa Volta .. Jacr .. oo • OF,.Z 
SWS Ddt C:O..r bm0¥&15 o 7 

LIM 11a11p Select 

, .... ......... ...... ........ ... .... ... 
comntaDIII) 

400 pmmao loll ocalol 

1 0 0  .. .. .. ZOO " " " repeat 

Steady Field Offset3 
(Siep thro•lh ••••" •&luee, OM ecep .... 
comntallCII · · �-���� } es porcelll of full ocale 

+SO porceftt of full ocalo 
fJS percent of full"•cale 
• 7 S percent of f.ll ocalo 
.. so pei'Cent of full ecale .. zs pe rcent of f.all ec-ale 
0 pe rccnt: of full •cale aftd repeat 

Steady Field Address 
(Stepo lhrou&'l followtna otep X axlo to T axlo 
II Z axlo to noutraJII 

Fllp/Cal lahlltll lnZ/Out 

FUp/c.t• �nitiate 
, ......... to cience mode after 
J'llp/C.l ooquoac•l 

6 

• 

Octal �ct·.W 
Co- � Tormiii&U"" Point 

l l ?  " Cltuao4 Particle Exp. 

110 10 

111 11 

liZ u Solar WiM E8!M""'•"' 

liS ,, LIM E8pe..-t 

114 .. .. .. 

IZS 15 

IZ7 17 

U l  ., 

I CPJ.IZ ..-�M iawotta,. leYII actlvato4 at limo of CC-6 comm&ft4 necutlOtl aM dooa caa loo ollppl4 10 lho aelll otep Ia ••• .. •• 11r 
CC·S - ro- 11 -Uc modo by CC-4. 

�-- --- --·· -·· 

s,_W .creot - lo ao loll-•: oolect pr-r axlo wltll CM·J. tllea eaec:oata CM·I ,.. p._w -•• of daoo to atap t:nt�B .reMIII ...... .. ........ •al..e. 

•Alee actt.a ... ..,...,. II ho•r• alter hCMar 101 by delaye4 conuaantl •••ueMer. 

sAl .. -..c1lhHI at. ... r •• .., .... , .. command ...... nc•r. 

• 

6For oo flip position; rever se for 1 800 flip position. 
?Repetition of CW - 1  three times within ten seconds results in High Voltage Gain Change. 
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Flipt 
�tool !ly•Wm 

CM·6 I. Z 

CM-7 

cw-• 

CH· I 

CH·Z 

CH·l 

CH-4 

.c;H-5 
CH·6 

CH-7 

CH-a 

CH·9 

CH·IO 

l 

.. 

!ABLE 1 (CONT. ) 

Command Nomencl&tllre 

LSM Filter Failur e (In
1

/0ut) Bypa s s  

Site SuJ'Yei· 

0-:tal 

132 
133 

. Temperat .. re Control x•tvtOFF Repeat U4 
(Cb&Aie• from X·axi• eenaorl to Y·ade eeneor toOFF) 

Normal (Gradient) M�cle Selectl 

Low GonclllCtiYity Mode Select (Rin& So�&rce) 

. Hlp Coad�&ctiYity Mocle Select (Heat Plllee) 

HF F..U Seq,..nce Select 1 

HF Probe fl Seq ... nc:e Select 

HF Probe 12 Seq ... nc:e Select 

HF Subeequenc:e "} 
HF Subeequenc:e fZ 

HF Sl&beequenc:e 13 

Conunancl 
Fllftc:tione 
•• •hown 
in Note 2 
Oft p&le 16 

us 
U6 
140 
141 
142 
14l 
144 
145 
146 

HF Heater Advance 152 
(Step• throll&h toUowiftl 16 etepoeeq.aence OM etep per command) 

All heate re on 
Probe f 1 heater 12 ON 
All he ate re off 
Probe f l  heater 14 ON 
All he ate re olf 
Probe I I  heater I I ON 
All heatere o{{ 
Probe f l  heater 13 ON 
All heate r• o{f 
Probe 12 t.eater fZ ON 

'All heater• on 
Proba f2 heater 14 ON 
All beater& of( . 
Probe fZ heater f 1 ON 
All beater& off 
Probe 12 heater 13 ON 
npeat 

.... eel -� .......... ..;.... 

Dec imal 

90 
91 
92 

93 
94 

96 
97 

91 

99 

100 
101 
102 
106 

Te rmift&tion Poiftt 

LSM Experiment 

Heat Flow Experiment 

.. 

.. 

.. 

ZJ1Wd -ldloa of CM-7 pel'forme X•axia eurvey, aeconcl execution T•aaia eurvey, aa4 third eucution Z·axi• au..,ey. 

' • • • f1 ,, .  , . .  , 

> 
�-M '"0 
I a;: 

>-:l . 0 w 

..... 
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FUpt 
� !I!!!!!.. 
CS· I 4 

CS·J 4 

CS·4 

CS·S 

CS·6 

CS·T 

cs-1 
ex-t 
cx-z 
CG-1 
ca-z 
CG-J 

CG-4 

co-s 

• 

• 

.. 

• 

• 
All 
All 
, 

, 

, 

J 
J 

TABLE 1 ( CONT. ) 

Comm....S Nomenclat�are 

Oeophone Calibrate 

An: ONnaAie S..aeadal llnale Flre 
(Flr•• ainale annadea in aequence 2, "· J, 1. 
Pnvlooaa anaade mut fire before neat arenade 
wiU fire. Fou&', eMcutione reqal:red. ) 

A8E Grenade fl Fin 

AS£ Grenade fZ Fin 

ASI! areu• fJ Fin 

ASE Or••• '" n" 
' Ann Grenade• 

Duat Detector · ON " 

Ouat Detector • OFF 

Cal Mode Set 
Uprangel 

Manual llaftainl Mode 
(aepe tllroap -a raaae•l 

.,_. ....... 1 .  z 

�c ...._,.. ....,. s 

- -

Octal 
Command 

156 

162 

t6S 
,,... 

165 

166 

no 
OIT 

ou 
10" 

lOS 

106 

IO'r 
110 

Decimal 
Command 

1 10 

1 14 

115 
1 16 

liT 

I ll 

IZO 
OIJ 

on 
061 

069 

070 

071 
on 

• 

Termination Point 

Activ'" S.l•mlc Expc. 

.. 

.. 

" 
" .. 

Po-r Dlac. Unit 

Cold Cathode eaua• Expt. 

.. .. .. 

.. " .. 

lc. nt ...- r.r -nuuy cltanlinl raaae •• ca-:s after either CG-2 or CG-4 to set up or downrange re spectively. 
· ac ·u:oA '-Us ccGE H&l oa ftrat exac•tlcm, may require prior execution of CG-2 to s et. 

....... ...__ ..... atiae ...... 
"a-&- Ml'face Wtial coa4ltloaa proaransmed In dvt.na flaal ... - checlo:oat. 

...... 

j � ..1 
> f 
t'" · 

�.i 
CJ) �� tr1 '"Cl t I � ' l 
1--j I 
I • 

0 I """ 

l I 
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; ' 



I !  I i 
I 
I 
I 
! i 
f l l 
! 

j 

I 

ALSEP-MT -03  

TAB LE Z 

COMMAND SUMMA R Y 

Fli ght 
Termina tion Point Systems H 1 & 2 
Data Proce s s or  3 
Power Di stri bution Unit ( Power Switching) 
Pow e r  Conditi oning Unit 

2 9  
2 

Command Decode r 2 
Pa ssive Sei s mic  1 5  
Suprathe rma l lon Detector/ C C GE 5 
Cha rged Pa rticle 
Solar Wind I 
Magnetometer 8 
Heat Flow 
Active Sei smic 
C C GE ( MSC ) 

Total 6 5  

Special Commands - Not Assignable 

Function 

Test 
Commands 

Addre s s  

Address Complement 

No Command 

Command• Auignecl 

Command• Not Auignable 

Octal CQde 

1 ,  �. 4 , 1 0 ,  20, 40, 100, 
77, 1 37 , 1 57, 1 67, 1 73, 1 75, 1 76 

1 30, 30, 1 1 6, 1 6, 1 5 1 , 5 1 • 

47, 147, 6 1 , 1 61 ,  Z6, 1 Z6 ** 

0, 1 77 

Command• Not Preaently Aaaignecl ( 150, 1 53, 1 54,  1 55, 
160, 1 7 1 ,  172, 174)  

· Total Commancll 

*Add r e s s e s  !or Flight System 14 a re 25, 65 . 

**Add r e s s  complement s  for Flight System 14 a re 1 52,  1 1 2  
(See A TM ·b96 for detail s .  ) 

A - 8  

Fli ght  
· S y s t e m  • 3 

3 
29 

z 
z 

1 5  

8 

10  

5 

74 

Number 

14 

6 

6 

28 

93 

28 

8 

129 

F h �: h t  
S y l>  t <· m  • -i  

s 
29 

2 
z 

1 5  
s 
8 

7 

73  

.. 

• 

• 

, 

0 
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Decimal 
:Comm&Dcl 

1 
2 
3 
" 
5 
6 
1 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
az 

f" .. -

.,._ ,. --..........:.... _ �_ _ __ __ _...,., ,... -� ... 9"· · - -

• • • • 

TAB LE 3 

CROSS REFERENCE OF COMMAND NUMBER TO COMMAND FUNCTION 

Octal Command 
CoJnmand Symbol 

- 1  
2 
3 CD-31 
• 
5 CD-32 
6 CD-33 
1 CD-M 

1-o 
11  CD-35 
12 CD- 1 
13 CD-Z 
14 CD-3 
15 CD-4 
1 6  
1 1  CD-5 
20 
21 CD-6 
22 CD-1 
23 CD-8 
M CD-9 
25 CD- 10 
26 

.. -.;--. ,, - . .  ,_, 

I • 

Usage I I • • G 
... ���4Sye. , _  "tt Fit. Sys. Fit. Sye. Test � 'tl 

1 .  z 3 Cmde. < 

X 
X 

X 
X 

X I X X X 
X X X I : X I X X X I 

X X X I ' X X X 
X X X 
X I X X I I 

X i X x · X I X 
X X X 
X X X X X X ! l 
X X X i 

I I X X X (X) (X) I I 

ililltiliiiiiO' \ - - ·- ' · - -, ·� 

t -, 
"tt >-

.. -.::: .::: .. 
G Ill .::: 

• E E u • "tt 
• u E G U 
G - 0 ... .::: 
... Q. u � till 

'tl E -� 
.... . I 'tl 0 0 0 • < U  z Z <  

L 
> � ' 

t 
t"' ' '  
Ul i 
M I £ 
'tJ 
I l 
:: 
>-:l 
I 0 

� 

I 
I I l f 
• i 

i � 
• 
r 
l 

X 

� . : �---� ... �·� - - .. - ·- .. -.-.u-.�...,.._ _ ....... ,, -..., 
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• f 1'"t ... . .  - ' fttft t· .>) . ..,., Sd t S't OM� St . 

> TABLE 3 (CONT. ) I -

:�J 0 

"G >. .. -r: r: .. 
G) ld r: 

• E E Ill 
Usage I I • . , 

I • • u E u G) 
G) u - 0 .,. r: 
l:o .,. a. 0 D. tiO  

Octal Command Flt. Sys . I "'d , E ... Decimal Flt. Sys . ... -'lt. Sys . Test I .. . , , 0 0 0 • Commaaad. Command SEbol - 1 .  z 3 4 Cmds . cC <: o  z z ce  
23 Z7 CX- 1  X X X 
Z4 30 I I X 
25 31 CX-Z X X ., X z. ;  3Z c�-36 X • ' X X 27 33 CD-37 X X X·  28 34 CD- 1 1  X . -x X > 29 35 CD- 1 Z  X X X � 30 36 , CD- 1 3  X X X '  t=1 31 37 CD- 14 X X X 'l:i 

I .  32 40 -- X ?' ""' 33 
. 41 CD- 15 ' 

X ' x  . .  o-j X 
I 34 4Z CD- 1 6  X X X 0 I.N 35 43 CD- 1 7  X X X 

36 44 CD- 1 8  X X X 
37 4!:· CD- 19 X X X 
38 . 46 CD-ZO X X X 39 47 I I I X 40 50 CD-Zl X X X 
41 5 1  I I X 

iJ 42 52 CD-ZZ X X X 
43 53 CD-Z3 X X X " 54 CD-Z4 X X X 45 55 CD-Z5 X X X 
46 56 CD-Z6 X X X J . ·-

:: ·. 
, . !, ;,:. �, r • 

0 ' • (1 ... 
• ......... 

' 
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TABLE 3 ( CONT . ) 

Us age 

Decimal Octal ' Command Flt. Sys . Flt. Sys . 
Command Command Symbol 1 &t z 3 

47 5:7 CD-Z7 X X 
4 8  60 CU- 1 X X 
49 61 
so 6Z cu-z X X 

. 5 1 63 CL- 1  x ,· X 
. 5Z 64 CL-Z X X 

5) 65 CL-3 X X 54 66 C L-4 X X 
55 ; 67 CL-5 ... X A 
56 70 CL-6 X X 5? 7 1  C L- 7  X X 
58 7Z CL-8 X X 
59 73 C L-9 X X 
60 74 C L- 10 X X 
61 75 CL- 1 1  X X 
6Z 7 6  CL- 1 Z X JC 
63 77 
64 100 
65 1 0 1  C L- 1 3  X X 
66 lOZ CL- 14 X X 
67 . 1 03 CL- 15 X X 
68 > 1 04 CT - 1  X CG-1 X 

I 
-
-

• • 

... c= "' 
I I • • e • . "' "' ��� -

Flt. 
4

Sys . j ... ... Clc 
Test I ., ., s 
Cmds . 

� "tt 0 < < U  
X 

, X  
X 

X 
X 
X 
X (X)  (X ) 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

I 
� f � c= i ftS "' e • � E "' "'  
0 ... � 
u D-4 .� 

.... . 0 0 • z Z <  

e 

> '  
� M 
'"C 
I � 

1-j 
I 0 � 

� : 
\ ' 

fj J! 
�� tl r! l l 
� I ' I I I � ,. l 

). 
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1' 
_,-

> 
I -N 

Decimal 
Command 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
i:> 
86 

·.87 
88 
89 
90 

0 

. Octal 
Command 

l OS 
1 06 
1 07 
1 10 , 
1 1 1  
l l Z 
1 1 3  
1 14 
1 15 
1 1 6  
1 17 
1 ZO 
1 2.1 
1 2.2 
1 2.3 
1 Z4 
125 
1 26 
1 2.7 
1 30 
131  
132 

' 

TAB LE 3 ( CON T. ) 

Ueal!... 

Command Flt. Sys . Flt. Sys . 
SEbol 1 . • z . 3 

CT - Z X CG- Z X 
CT-3 X CG- 3 X 
CT-4 X CG-4 X 
CT-5 X CG - S X 
CC - 1  X 
cc - z  X 
CC- 3  X 
CC-4 X 
CC -5 X 

CC-6 X 
CC-7 X 
cc -' X 
CW-1 X 
CM- 1 X 
CM-2. X 
CM-3 X 

CM-4 X 
CM-5 X 
CM-6 X 

• 

Flt.4 Sys . , .Test 
Cmds .  

... , "d >--� ... � Ill � Ql E Ql 
., rn S w "d  

E Ql Ql ., ., Ql ;.. � Ql Q; - 0 Q. tiO  ... ... Cl. u "0 s ... "d ... ., "d "t: 0 0 0 ., < < U  z Z <  
X 
X 
X 
X 
X > 
X (X) 
X 

(X ) I I � trl 
X "0 

I 
X a;: 

X I l I ...., 
X 

I 0 
X 

..... 

X 

X 

X 

• • 0 . 

-
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� • • A � 
'filii fl ' w � 

Decimal 
Command -

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

-103 
104 
105 
106 
107 
108 
109 
110 
1 11 -
1 12 

Octal 
Command 

133 
134 
135 
136 

· 137 
140 
141 
142 
143 
144 
145 
146 
147 
150 
151 
152 
153 
154 
155 
156 
157 
160 

Command 
Symbol 

CM· 7 
CM· 8  
CH - I  
CH- 2  

CH-3 
CH-4 
CH- 5 
CH-6 
CH-7 
CH-8 
CH-9 

.CH- 10 

CS-1 

� 
I 

TAB LE 3 ( CONT. ) I '  

Flt. Sys .  
1 &t 2 

X 
X 

Usage 

Fit. Sys . 
3 

x ·  
X 

X 
X 
X 
X 
X 
X 
X 

X 

I 
Flt. 

4
sys . I 

(�) 

X .  

I 
Test I Cmds . 

X 

X 

• •  a; tl 

• I • 

e 
. . ., ., t) -.. .. � 'tl � J: oa j oa o l < < u 

x l 
x l 

(X ) 

t 

ott :... -� .. � 
e 4.1 • ott E t) ., .. c:: 0 P. .� 0 .. . 0 0 • z I � . .:S_ 

> I � M "ti 
I 

.. 

s:: r 
� I 0 w 

X 

X 
X 
X i � 
X t 
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t' • 
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Decimal Octal Command 
Command' Command Svmh"t 

F 

---_,;,;,�;;;__.::,:::::::-�- =� -, ---- -- 1 

1 13 161 
1 14 16Z CS-3 
115 163 CS-4 
1 1 6  1 64  CS-5 
117 165 cs-6 

· 1 18 1 66 CS-7 
1 19 1 67 
l ZO 170 CS-8 
121 1 7 1  
1 ZZ 17Z 
1 Z3 · 1 73 
1Z4 174 · 
1Z5 175 
1 Z6 176 
1 Z7 1 77 
0 000 

TAB LE 3 (CONT. ) 

Uwage 

t. _ Sye . Flt. Sys . 
&c Z  3 

To tale 65- 74 

� v .. • 

F1t. Sys . 
4 

X 
X 
X 
X 
X 

X 

73 

., .. d u ., E Ill Ill Ill II) u u -k ... "' "d "d E Te st "0 "d 0 
Cmds . < < U  

X I 
X 

X 

X 
X 

14 6 6 

� • 

"d >-
d -.. nl d E «< 111 "0 E u u  
0 ... d 

u D,c tiO  ... 
.. II 0 0 Ill z Z <  

X 
X 

X 

X 
X 

z 8 

0 

> 
� M 1-j I � · 
--3 I 0 
"" 
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Note 1 

Suprathe rmal lon Detector Command Structure 

All commands are pulses .  The SI DE uses these pulsed commands by encoding. 
Two encoded commands are us ed for one timt: only operations as well a s  routine 
ope ration . Four of the five incoming command lines are encoded in a four bi t 
command buffe r which i s  then strobed into a second (mode) buffer where i t  i s  held 
for decoding and execution. Thi s latte r buffer might be thought of as an execute 
buffer .  The commands arc as follows :  

SYMBOL FUNCTION 
OCTAL 

COMMAND SEQUENC E 

104 1 0 5  1 06 1 07 1 1 0 s:: _ 
" .. � E E CI - 1  

o ... E f-t 0 
0 

.
Br�ak CClG Seal z X X 

• 

] 
E 
E 0 

0 
� .. -1: .. 2 .. .. k G 
� 

CI -7 
CI - 8  
Cl -9 
CI- 1 0  
CI - 1 1  

CI- 1 Z  
CI- 13 
CI- 14 
CI - 15 
CI - 1 6  
CI - 1 7  

Blow Dust Cover 2 

Not Used 
Ground Plane Step Programmer 

ON1 /0FF 
Reset SI DE Frame Counter at 10 
Reset S J  DE F r a m f:'  Co unte r  at 39 
R e s et V eloc ity Filter at 9 
Reset SIDE Frame Counter at 7 9  
Rese t  SIDE Frame Counter at 79 

and Veloci ty Filter Counter at 9 
X 1 0  accumulation interval ON/ OFFl 

Master Reset 
Velocity Filter Voltage O N  l fOFF 
Low Ene rgy CPA high voltage ONl /OF 
High Energy CPA high voltage ON l toF 
Force Continuous Calibration 

(Re set to I ZO) 
CI - 1 8 Cold Cathode Ion Gauge HiV ON1 /0FF 
CI - 19 Channeltron high voltage ON l /OFF 
CI - ZO Reset Command Register 

X 
I 

X 

X 

X 

X 
F 
F X  

X 

X 

i X X 
i X 

X 
I 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 

Commands CI - 1  and CI - Z  have been incorporated into the design of the SIDE 
as one time CCIG Seal B reak and one time Dust Cove r Blow. These are 
identical to CI -7 and CI- 1 3  respectively, thus the first time CI -7 is executed, 
so is Cl- 1 but not thereafter. A similar statement holds fe r CI- 1 3  and CI - Z  • 

1 Preset turn-on operating mode. 

Z Also activated at hour 96 by delayed command sequences. 

v '  � ..(\ • 1 5 
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Note Z 

Heat Flow Command Structure 

Octal commands 144 through 1 4 6  a re used to s e lect 6ubs ets of the 
full heat flow m ea s urement sequenc.e as follow s :  

Command 144 s elec ts a s ubs e t  c ons i s ting of the four high 
s ensitivi ty grc.dient m easu rements only. 

Command 144 followe d  by command 1 4 5  s e lects a s ub s e t  
consis ting of the four low sensitivi t y  g radi ent meas urement s  
only. 

Command 144 followe d  by c ommand 146 s e lects a subset 
cons i s ting of probe ambient temperature mea surem ents 
only. 

Command 1 4 5  followed by c ommand 146 s elects. a subset 
c onsi s ting of the rmocouple m easurements only. 

N ote 3 

Expe r iment D e s ignation s  by Flight System 

Expe riment No. Flight s 1 &t Z Flight 3 Flight 4 

1 PSE 
z ME 
3 SWE 
4 SIDE/CCGE 

A - 16 

HFE 
PSE 
OPLEE 
CCGE 

PSE 
ASE 
SIDE/CCGE 
CPLEE 

_/ 

t 
l I I 
i O i 

' 

,• / � ' 

, ,. •' • •' ,I ' ' ;,� '' ;,• ' I" ' 

• 

I 

I 
l -

' 
l I I .  I :  i I ' ' 
' t 
t 
I 
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ALSEP- MT- 03 

INTRODUCTION 

This document tabulates  the measurements to be telemetered from 
the ALSEP system. The included tables indicate the functions measured, 
the designa�ion symbol, the assigned channel, accuracy, range, number of 
bits per sample, and sample rate provided via the PCM telemetry link. 

Operational data i s  defined as  that data required to indicate the 
readines s  of the equipment to perform its intended function. In keeping 
with this definition, all of the data transmitted on analog housekeeping 
channels are designated � s operational. 

The A / D  converter provided in the data subsystem is  capable of 
encoding analog housekeeping and science signals to 8-bit accuracy. The 
encoded word occupies 10 bit positions to fill word 33 in the ALSEP format. 
Each housekeeping s ignal i s  read out once in 90 frames of the PCM format • 

The analog multiplexer advances one pos ition each frame.  Digital data 
derived from the experiments has an output consistent with the frame 
format section of the ALSEP Data Subsystem. The high data rate required 
by the Active Seismic Experiment (ASE) necessitates inhib5ting other sig­
nals for the operation period of the ASE, except for selected critical items 
which are incorporated in the ASE format. 

The following tables categorize the telemetered measurements: . . . 
Table 1 (a) 

Table 1 (b) 
Table 1 (c) 

Table 2 

Tables 3, 4, 5 

Table 6 

- Channel Assignments for the Analog Multiplexe_r 
" (ALSEP Word 33) 

Analog Housekeeping Channel Usage 

- Summary of Analog Channel Usage, Flights 1 to 4 

- Passive Seismic Experiment 

- Magnetometer Experiment 

- Suprathermal Ion Detector and Cold Cathode 
Gauge Experiment 

. . . 
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Table 7 

Table 8 

Table s 9 - 1 2  

Table 1 3  

Table 1 4  

G 
I 

- Active Seismic Expe riment 

- Charged Particle Expe riment 

- Heat Flow Expe riment ' 

- Solar Wind Expe riment 

Cold Cathode Gauge Ex>:-eriment (MSC) ' 

• 
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Flight Systems 1 & 2 

Legend 

x - Control 

I 
X 

9 -
1 7  
0 

2 5  
-

33 
H 

4 1  -
49 
0 

57 -

2 
X 

10  
X 

1 8  
X 

26 
X 

34 
X 

42 
X 

so 
X 

58 
X 

A LSEP- MT- 03 

3 4 5 
X X 0 

1 I 12  1 3  - X -
1 9  20 2 1  
0 X 0 

27 za 29 
X . 

3 5  36 37 
• X • 

4 3  44 45  - X . 

5 1 52 53 
0 X 0 

5"9 60 6 1  - X -

X Pauive Seismic • Short Period 
- Pauive Seismic - Long Period Seilmic 

6 7 8 
X s X 

14  1 5  1 6  
X I X 

22 23 24 
X s X 

30 3 1  32 
X I X 

38 39 40 
X s X 

46 47 48 
cv I X 

54 55 56 
X s I 

62 63 64 
X I X 

• Pauive Seismic - Lon& Period Tidal and One Temperature 
0 • Maanetomete r 
S - Solar Wind 
I • Suprathermal Ion Detector 
CV - Command Ve rification (upon command , otbe rwi1e all aero1) 
H - Hou1ekeeping 

TOTAL 

Each box contain• one 1 0 -blt word 
Total bit• pe r trame • l O x  64 = 640 bit• 

Numbe r of 
Worda Pe r 

Frame 

3 

�� } 43 
7 
4 
s 
1 
I 

6i 

Figu:re 1 .  ALSEP Channel Auignment for Flight Systems 1 and Z 
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Flight System 3 

Legend 

x - Colitrol 

1 
X 

9 -
1 7  

CP 

zs 
. 

33 
H 

4 1  
. 

49 
NA 

57 -

z 
X 

10 
X 

18 
X 

Z6 
X 

34 
X 

4Z 
X 

so 
X 

58 
X 

A LS J<: P- M T- 0 3  

3 4 5 
X X cv 

1 1  1 Z  1 3  - X -
1 9  z o  Z l  

CP X HF 

Z7 Z8 Z9 
. X -

3 5  3 6  37 
• X • 

43 44 4 5  - X . 

5 1  5Z 53 
NA X NA 

59 60 6 1  
- X -

X Passive Seiamic - Short Period 
"' Pauive Seiamic ·- Long Period Seismic 

6 7 8 
X CP X 

14 1 5  1 6  
X CG X 

zz Z3 Z4 
X CP X 

30 3 1  3Z 
X CG X 

38 39 40 
X CP X 

46 47 48 
X CG X 

54 55 56 
X CP CG 

6Z 63 64 

X CG X 

• Paa�ive Seiamic • Long Period Tidal and One Temperature 
HF - Heat Flow 
CP - Charged Particle 
CV - Command Verification (upon command. otherwise all lieli"OI) 
H Houaekeeping NA - Not Aa�isned (all aeros ahall be tranamitted} 
CO - Cold Cathode Oauge Experiment (MSC\ 

TOTAL. 

Number o! 
Words Per 

Frame 

3 
30 } lZ 

2 
1 
6 
1 
1 
3 
5 

64 
Each \ox contains one 10-\it word, Total bits pu frame • 10 x 64 • 640 bite • 

. ' 

Figure 2 ALSEP Channel Al8ignment for Flight Sy1tem 3 
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Fligh� .� . : ' . .: ·n 4 

1 

X 

9 

1 7  

CP 

zs 

z 
J( 

1 8  

X 

Z6 

X 

33 34 

H X 

3 

X 

19 

CP 

Z7 

3S 

• 

A LSEJ?- M T- 0 3  

4 

X 

1 Z  

X 

zo 

X 

zs 

X 

3 6  

X 

s 

cv 

1 3  

Z l  

NA 

Z9 

37 

• 

f: 

X 

1 4  

X 

zz 
X 

30 

X 

38 

X 

7 

CP 

1 5  

I 

Z3 

CP 

3 1  

I 

39 

CP 

8 

X 

1 6  

X 

Z4 

X 

3Z 

X 

40 

X 

�---+--��--�----+----+----+----- �  
4 1  4 Z  

X 

43 44 

X 

45 46 

X 

47 4S 

I X 

�--�----+----+----+----�--�---�----· 

x •· >:;p1ltrol 

49 
NA 

S7 

sc 

X 

58 

I X  
59 

X - : •uive Seismic · Short Period 

sz 

X 

60 

X 

53 

NA 

6 1  

. £· .... aive Seiami,;; - Lcnfi :Pet ; ..,d �eiamic 

S4 

X 

6Z 

X 

55 

CP 

b3 

I 

56 

I 

64 
X 

• • Ya .. ive Sei.mic - Lona Period Tidal and One Temperature 
t • � llprathermal Jon Detector/ 'COE 
CP l :barged Particle 
CV · · .h.�;nand Verification (upon c:<�mmand, otherwise all aeros) 
H • !i,,usekeeping 
Ni\ .  - :•..., Aa•;in�c! (lr&ll urea ahall be tranamitted) 

TOTAL 

Number of 
Words Per 

Frame 

3 �� } 44 

5 
6 
1 
1 
4 

64 
Eac:b box c:ontaina one 10-l ;t word. Total bita per fnme - 10 x 6 �  • 640 blta. 

Figure 3. ALSEP Channel Auignment for Flight System 4 
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CONTROL WORD· .FORMAT 

1,. ALSEP • 

f•  WORD f l ---- · --�.�J�N-------- · · ALSEP 
woac tz : 

. _, .. ...-r ALSEP 
WORD I3 

__ , ..-1 
Bit 1 Z 3 4 5 6 7 < 9 1� 1 1  1Z 13 1f 15 16 17 18 19 ZO Z1 ZZ Z3 24 Z5 Z6 Z7 ZB Z9 30 

I , , , • • • , • • ' - • • • • , , , • , , • , I " .. .. ... .. .. "� .. 
� B..&-•� . .':ER CODE COMPLE! . T OF BAIU<ER CODE +- FRAME COUNTER MODE 

(I,  Z • • . •  89, 0) BIT 

� 
DA· l 

DA·Z 

DA-3 

DA-4 

• I 

' \  i " 

� 
Bar:O:er Code and Complement 

Frame Co-t 
� 

Bit Rate m 

ALSEP m 

ALSEJ 
� 
1. z, and 
bite 1 and Z 
o! word 3 

Bite 3 to 9 
lnclueive .,, 
word 3 

&it 10 of word 3 

�'!. Mocle Bit 

1 
z 

Bit 10 of word 3 

.!:!!!:!!.!. Mode Bit 

', 'a.n,e 

NA 

0·89 

Mean!!!J. 
Normal data rate 
Slow data rate 

Bite/ 
Sam pt. 

zz 

1 

3 

3 
f 
5 

� (MSB) } Dab. proce s sor 
x number 

"': 

Ftgure 4. Control Word Format 

< 

Sample s /Sec ond 
(at Normal Data 

Rate ) 
l. 67 

1. 67 

l/5o& 

l /54 

-· 0 

> 
t; tz1 � 
� 
J-3 I 0 w 

' 
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TABLE 1 (a) 

CHANNEL ASSIGNMENTS FOR ANALOG MULTIPLEXER 
(ALSEP WORD 33} 

NOT.Il : Channel• 1.:- lS:are "High Reliabil!t1" channela. 
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TABLE 1 (a) (CONT. ) 
CHANNEL ASSIGNMENTS FOR ANALOG MULTIPLEXER 

(ALSEP WORD 33) 

Channel Flight Systems 
Number 1 and Z Flight System 3 Flight System 4 

44. BLANK BLANK AS- Z  
45. BLANK AH-Z BLANK 
46. AT-Z9 
47 . AT- 30 
48. AT- 3 1  
49. AT -3Z Same on all Flight Systems 
50. AE -9 
5 1 .  AE- 1 5  
5Z. AR-3 
53. AL-3 
54. AL-7 
55. BLANK AH-3 AS-3 
56. AX-3 AX-3 AX-3 
57. BLANK AH-6 BLANK 
58 . AT-6 
59. AT-8 
60. AT - lZ 
6 1 . AT-33 
6Z. AT-34 
63. AT- 3 5  Same o n  all Flight Systems 
64. AT-36 ! 
65. AE- 1 0  
66. AE- 1 6 I 
67. AR-5 

. I 

68. AL-4 
69. AL-8 
70. AI- l  AG- 1 AI- l 
7 1 . AT-7 Same on all Flight Sy stems 
7Z. AT - 1 3 Same on all Flight Sy stems 
73.  BLANK BLANK AS-4 
74. BLANK AH-4 BLANK 
7 5. BLANK AH-7 BLANK 
76. AT -37 
77. AT -38 

78. AT -39 . ,  
19. AE- 1 1 
80. AE· ll Same on all Flight Syeteme 
8 1 .  AF. - 17 
82 . AR-6 
83. AX- 1 

84. AX-4 

85. Al-2 AG-2 Al-2 
86. BLANK Same on all Flight Sy etema 
87. AT·9 . Same on all Flight Syeteme 
88. AT· l l  Same on all Flight Systems 
89. BLANK AC-2 AC-2 
90. BLANK AC-6 AC·6 
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TABLE 1 (b) 
. ANALOG HOUSEKEEPING CHANNEL USAGE 

Symbol Location/Name FHsht Channel Ranie 

Structural/Thermal Temperatures 

AT - 1  Sunshield I 1 AU 27 -300°F to +300°F 
AT-2 " · fZ " 42 " I I  

AT-3 Thermal Plate I 1 " 4 -50°F to +Z00°F 
AT-4 " " 12 I I  28 " I I  

AT- 5  " II #3 I I 43 I I  I I  

AT-6 II  II  14� I I  58 I I  I I  

AT-7 " I I  I S " 7 1  I I  I I  

AT-8 Left Side Structure 11 I I  59 -300°F t o  +300°F 
AT-9 Right Side Structure liZ I I 87 I I  " 
AT- 10 Bottom Structure 113 I I  15 I I  I I  
AT- 1 1  Back Structure 114 I I  88 " I I  
AT- 12 Inne r Multilayer Ins ulation " 60 - sooF to +ZOOOF 
AT- 13  Outer Multilayer Insulation " 72 -300°F to +300°F 

Electronic Temperatures 

AT-21  Local OSC. Cryslal A " 16 - 50°F t o  +200°F 
AT - 2 2  Local OSC. Crysta.l B " 17  I " 
AT-23 Tr.ansmitte r A Cry stal I I  18  I I  
AT-24 Transmitte ::: A Heat Sink " 19  I I  
AT-ZS Transmitter :B Crystal I I  3 1  I I  
AT-26 . Transmitter B H••at Sink I I  32  I I  
AT-27 · · Analog Data Proce9Sor, Base " 33 I I  
AT -28 - Analog Data Proce 1.sor, Inte rnal " 34 " 
AT-29 Digital Data !":-oce s sor, Base II  46 " 
AT-30 Digital Data Proce!'lsor, Internal I I  47 " 
AT- 3 1  Command Decoder, Base " 48 " 
AT-32 Command Decode r, Inte rnal I I  49 I I  I I  
AT-33 Command Demodulator VCO " 6 1  II  
AT-34 PDP, Base " 62 " " 
AT -35 PDU, Internal " 63 " " 
AT-36 PCU, Power OSC I I  " 64 " 
AT-37 PCU, Power OSC 12 . , 76 " I I  
AT-38 PCU, Regulator I 1 I I  77 I I  +21 0 ° F  
AT-39 PCU, Regulator 12 " 78 " 'II 

Total of 32 Central Station Temperatures 

Sensor I3its / Sample / 
Accuracl Samele Sec. 

+15°F 8 . 0 185 
I I  

+10°F 
I I I I I I  
I I 
" I I  
" " I I  

+1S°F 8 .0185  > 
I I I I  " ·t;; I I  " II t=j I I  " I I  'U 

+10°F I I  I I  I 
"+15°F " " s: 

o-j I 
0 1.1:> 

+10°F 8 . 0 185 

I I  I I  

I I  " 
I I  " I I  
II  " I I  
" 

I I  I I  

" " 

" 
" " 

..... 
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TABLE 1 (b) (CONT. ) 
ANALOG HOUSEKEEPING C HANNEL USAGE 

____ :::l·�"o.::·•lhlll/� .. ""' S••n1or 
Accunc:y 

ADC C..libr.,tion 0. l\V 
AiJC Whbr.ttiou ... 1SV 
Con, crtC"r Input Voluce 
Cun\'d rte r Input Current 
Shunt Rc• fl Currt"nl 
$1\unl R'"'- fl Current 
PCU Output Volt.•• I I (Z.V) 
PCU Oulput Voll.l�t· IZ ( I S  VI 
PCU O"lput Vult.tt:e tJ ( llV) 
PCU Outpul Voho�o I� (SV) 
PCU Oulpui-Volt.ae IS ( · IZ\'l 
PCU Output VohA«c U (·bY) 
RCVR • • Pre · LlmUinc Level 
llCVR. , Local OSC Level 
Trant. A, AGC Volt&ae 
Trana. 8. AGC VolLAI� 
Trana. A, DC , Power Doubler 

Trant. 8, DC, Pcwcr Dou.bl.u-

All 

I s 
I 

u 
zo 
!S 
50 
6S 
79 
10 
Z l  
J6 
51 
66 

8 1  

Octal Count QI S :1:: 
Octal Count 161 t l  
0 to ZO VDC 
O to S AOC 
0 to l. S ADC 
0 to !. 5 ADC 
0 to 3S VDC 
0 10 II VDC 
0 to IS VDC 
0 to 6 VDC 
0 to · I S  VDC 
0 IO -7. 5 VDC 
· IO l to · 6 1  OBM 
0 10 10 DBM 
0 u SV 
0 IO SV 

1 00 to 240 rna 

1 O. Sf, 

t DB +o. S DB � .. 
<Anual Station Bil(&tic 22 1 00 to 240 rna. 

AB·I 

AB·S • 

Receiver. I KHz Subcarrier Preaenl 

Power Diatrtbutiun, Experiment• I I and f! 

Power Dlatrlbution, Expe rlm•ntl ), •· 

atul DSS Healer ll 

• £,perlntentl numbered &e 1hown below• 

B- 1 0  

FLICHT SYSTEMS , .. 1 "JJIr 
ME 
SW£ 

SID£/CCOE 

, 'll'fr 
PSE 
CCCE 
CPLEE 

ASE 
SIDE/CCC£ 
CPL££ 

., 

IZ 

No modul•lion Octal 0 57 
Nodulation Octal 175 

Expor. I I  Exper. U Octal Count 

Standby orr Standby orr 000 -002 
Standby o n  Slandby orr 076 - 1 22 
Standby orr Slandby on 171-iiS 

Standby on Standby on 164-)14 

� Exper. U 1!!!!!!.1.! Oetal Coat 
Standby orr Standby oil ore 000-002 
Slandby.oir Slandby �ff Cn 7 )  o'3 t -055 
Statulby off Standby on orr Q7 3 - 1 17  
Standby off Slandby on On nz.u6 
Slatulby on Standby off orr 1 7 1 · Z I S  

S�andby on lllandby off Oil U6·UZ 

Slatulby on Standby on Off 161 · 306  

Standby on S1andby on On ,. .. ,., 

. .  

Bih/ .5.1 mph:/ 
.S...mtth• Sf•·· 

I . O le :  

• . O ilS 

• . O J U  

• . 0 185 

' 
i O i  I I 

• 

; 

! 
" 1 

I 

c 
.; 

• 

I 
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• TABLE 1 (b) (CONT . ) 

...__..-

ANALOG HOUSEKEEPING CHANNEL USAGE 

,. 
4 

Senaor Bita/ 
Symbol Location/Name .Flight _Sh�nne! __ Ra_l!lt! Accuracy Sample 

.RTG Temperatures 

A.R·l Hot .Frame f I All 6 950°F to l l 50°F +5°F 8 A.R-2 Hot Frame fZ .. 37 * CJ500F to l l50°F ii " 

A.R-3 Hot Frame f3 .. 52 950°F to l l50°F , II " 

A.R-4 Cold Frame f l II 7 4000F to 600oF " " 
AR-5 Cold Frame fZ II 67 400°F to 600°F II " 
AR-6 Colu Frame f3 ,, 8Z * 400°F to 600°F II " 

Dlaat Accretion 

AX- 1 I I Cell Temperature II  83 +80°F to +300°F + 1 5°F 
AX-2 12 Cell Temperature II 30 +80°F to +320 o F -

I I  
8 
II 

AX-3 13 Cell Temoerature I I  56 +80°F to +3 20 o F " 
AX-4 I I Cell Output II  84 0- 1 50 mV ! I� AX-5 12 Cell Output II  26 0- 1 50 mV " -

" 
" 
" 

AX-6 13 Cell Output " · -- 4 1  0- I SU inV I I  " 

Passive Seismic 

AL- l : .. r. Ampl. Gain (X lr Y) .. 23 
AL-2 L. P. Ampl. Gain ( Z) ._!_I 38 " 
AL-3 Level Direction and Speed " 53 " 
AL-4 S. P. Ampl. Gain ( Z) . .. �8 " 
AL-S Leveling Mode • Coaree Senaor .Mode " 24 " See Table 2 
AL-6 Thermal Control St..tus " 39 " 
AL-7 Calibration Statu• L. P. a. S. P. " 54 " 
AL-8 Ur.cage Status " 69 I I  

Active Seismic 

AS· I Central Station Package Temp. 4 29 -40°C to +100°C +Joe 8 AS-2 Mortar Box Temperature 4 44 -75°C to + 100°C " " 
AS-3 Grenade Laun.,ber Assembty Temp. 4 55 - 7 5°C to +100°C II ., 
AS-4 GeophWle Te _,rature 4 73 -zoo0c to + 13ooc " " 

.tleat Flow 

AH- 1  Supply Voltage f l  3 29 0 to +5 volts 5'/o lull scale 8 AH-2 Supply Voltage 12 3 45 0 to -5 volts I I  I I  

AH-3 Supply Voltage 13 3 5 5  0 to + 1  5 volts " " 
AH·4 Supply Voltage 14 3 74 0 to - 15 volts I I  ..  
AH-5 Not Assigned 
AH-6 Supply Vc;ltage 16 3 57 Discrete II  . .  
AH-7 Supply Voltage 17 3 75 . .  .. .. 

S&mplea7 
Sec. 

. 0 185 

I I  

" 
II 

. 0 18 5  

" 
" 
I I  

. 0 185 
" 
" 
" 
.. 
" 
" 
" 

. 0 185 
" 
I I  

" 

• 0 185 

. .  

.. 

In Flight Modela 1 and 2, the se channels monitor fixed r e s i stor s,  giving, typically, octal reading s of 
1 51 - 1.7 1 for channel 37 and 2 1  :;; _zz3 for channei 82 • 
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TABLE 1 (b) (CONT. ) 

ANALOG HOUSEKEEPING CHANNEL USAGE 

SU•or- --ISitil-- S&mp: �•/ 
Symbol_ Location[� ___ __________E!i_g�t �Cia,asmel __ --�_ge __ A,ccuracy_ _ __ _Sample Sec. 

Oaaraed Pat ticle 
AC- 1 Switchable P. s. Volt&Je '· " 25 0-4. 5V +5'1'e 8 . 0 185 
AC-Z Cbauneltron P. s. fl II 89 0-4. SV -II II " 
AC-S Ch&Jmeltron P. S. IZ " 40 0-4. SV .. .. II 
AC·< DC-DC Converter Voltaae " 10 0-4. SV II .. II  

AC-5 Temperature of Phy•ic:&l ADalyHW' II 1 1  -30° to -teo0c II .. " 
AC-6 TemperatuW'e of Switchable P. S. .. 90 ·39° to +80°C .. II II 

SIDE� 
Al-l J..ow EuriJ Detector Cot• r.t Rate l , Z, 4  70 1 0 ... 10: counts/ s ec ,:tlO'I'e 8 . 0185 
AI·Z Hip EnerJY Detector Cccmt Rate l, Z, 4  85 1 0 - 1 0  counts/ s ec . .  . .  " 

� 
Jo.G- 1 Gaap 011tpllt 3 70 'l-5. ov • . 0 185 
AG-Z Gaup Razap " 85 0-5. 0V II  " 

' • 
• ... 

___ __ _ , _ _ ___ _ 
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ALS EP- M T- 03  

TABLE 1 (c )  

SUMMARY OF ANALOG CHANNE L 
USAGE FLIGHTS 1 TO 4 

Flights 1 & Z 

Central Station 

Dat�. and Powe r Subsystems 38 

Expe riment On-0££ Status 

Strltural /The rmal 

RTG Temperatures 

Expe riments 

Pas sive· Seismic 

Solar Wind 

Magnetometer 

SIDE. 

Heat Flow 

CPLEE 

Active Seismic 

OCGE (MSC) 

Dust Detector 

TOTAL 

. TOTAL 

z 

13  

4 
57 

8 

'6 
16 

Not As signed · 1 7 

TOTAL 90 

Flight 3 Flight 4 

38 3 8  

z z 

13 13 

6 6 
59 59 

8 8 

z 

6 

6 6 

4 

z 

6 6 
u Z6 

3 5 

90 90 

. . . 
. B- 1 3 
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A LSEP- ¥T- 0 3  

TABLE 2 

PASSIVE SEISMIC MEASUREMENT, FLIGHTS 1 ,  2, 3, AND 4 

k•eonhlac ML"olluremenla: 

ALSEP 
5rmb.>l Locataon/Meaeu.rement Word 

DL· I J... P. Salamlc A 9, ZS, 4 1 ,  Sl 

DL·l L. P, Salamlc Y I I , Zl, 4], 59 
DL- 1 J... P. Salamlc Z U, l9 , 45, 6 1  
IlL·� Tidal' X n 
DL· 5 Tidal: y n 
IlL·• Tidal: z u 

(Dyn<u>lcl 
Frame Aanae 

Eve ry I nyt to 10 I' 
I "Y' to iOp 
l nyt 'to 10,.. 

Even • 0 I to 10" (arc I 
.lven • 0 I to 10" (arc) 
Odd 8 ,uaal to 8 mpl 

Sen•or 
Ace .a racy 
SS of roadlna .. .. 

dih/ 
s.mple 

10 

lll.·l Senaor Unit Temp. , Odd 10l·IU°F ,!lift or r•adinf•• " 
DL·I Short Period $el11ntc: z Every Even Every I m1 to lOp 

Word E•cept 
Z,46, 560 .!!!>�•.!l!..rw t.leaeuremente 

I <hannele of Enalnoerlna Meaouremonta ��=:� In ALSEP Word lloall 0· S VDC. 

AL· I J... P. Amp. Ot.ln X, Y ,.-- l'<lb 0·0. 4V 

AL•Z J... P. Amp. Ot.in Z ,, 

AL·l JAvel Direction and Spt:ed 5] 

AL·� S. P. Amp. Cain Z •• 

AL- 5 Levehna Mode and Coaue •• 
Sun1or Mode 

A!..·c- Th�trmal Cvntrol Status l9 

AL·l Calibration Statui J..P lo SP 54 

........ Uncaa• Statua•• •• 69 

· IOdb 0. 6 · 1 .  4 
· iiOdb J. 6-Z. 4 
o]Odb Z. 6•4. 0 

Odb 0-0.4V 
· IOdb o. 6- 1 . .  
·acldb 1. 6-Z. 4 
• actb z . •••. o 

+low 0-0. 4V 
·lo• 0,6- 1. 4 
+blah J. 6-Z. 4 
·blah z . • ••. o 

Odb 0·0. 4V 
· IOdb o. 6- 1 . 4  
·ZOdb l • •• z. • 
- ]�db z. 6-4. 0 

l ·•tomatic:, coarse level out 
�' nual, coarte level out 
Automatic. coarse le,el in 
Manual, coarae level in 

Automatic Mode ON 
Autom.li< Modo OFF 
Manual Noda ON 
Manual Modo OFF 

Both ON 
LP·0111 &P·OFF 
J..P·OFF SP·ON 
Both OFF 

Caaad 
Arm 
Uncaae 

0·0.4V 
o. 6- 1 . 4  
1. 6-&. 4 

5S of roadlna 

Octal Co11nt 

0·0. 4V 
o. 6· 1 . 4  
I .  6·Z. 4 
Z. 6-4 . C  

o.o.4v 
0. 6- 1 . 4  
1. �-z. • 
a. •·•. o 

0•0.4V 
0 . 6• 1 . 4  
l . o -1. 4 
1. 6-4. 0 • 

0 to zs 
37 to 1 1 0  
UZ to i7Z 
ZOS to ]14 

Cl io U 
37 to 1 1 0  
IU t o  I l l  
lOS t o  314 

0 t o  15 
)1 t o  1 10 
IU to Ill 
Z05 to ll4 

0 to l5 
)7 ·� 1 10 
UZ to Ill 
l05 to Sl4 

0 to l5 
, to 1 1 0  JU to Ill 
105 to )14 

0 to ZS 
)7 to 110 
uz to nz 
105 to Sl4 

o to as 
)7 to 110 
IU to Ill 
ZOS to 314 

• to l5 
, to 1 1 0  
Ill to IU 

Tho axceptlon of throe AJ..SEP word• occuro In Fllaht Syatama I lo z. In Fliahl 8yatema ] lo 4, word 46 11 uaod tor Short Period. •• 19 In Flieht Syatemo I lo Z, JO In Fllaht Syotomo S lo 4. ••• +0. 0$°C reaolu.tion • 
.... Uncaao locked-out on all arollftd 11111. 

B- 1 4  

• 

• 

• 

• 

• 

• 

• 

• 

S.mplo/ S&r.,iJI�:/ 
Sac Fr .nw 

6, Dl5 4 

0.45 0.5 
0. 65 o. 5 

48.0 29 orlO .. 

. O ilS 

. 0115 

. n l&5 

. O ilS 

. OilS 

. O IU 

. O ilS 

. O ilS 

0 

� 

, 

A � 
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!2!_ntific Meae•reme-

!ebol Locaticm Meaeareinent 

DM-ZS X-Axle Field 
DM·Z6 T-Axi• Field 
DM-Z? Z-Axie Fie!<� 

TABLE 3 

MAGNETOMETER MEASUREMENTS 

ALSEP 
Word Frame 

17. 49 Every 
19, Sl 
21,  53 

SCitiilor Freqqency Bit•/ Sample / Sample / 
Range Accuracy 1\eapon•e Sample Sec. Frame 

,!IOO. ,!Z00,!;400 aamma 
.. .. .. .. 

• 
• 
• 

-1. 5 cycle /aec. 10 

...., " 

3. 3 z 

'l'loeH data are ln Wone 17, 19. Zl. 49. 51, 53 and have the followtna !ormat: 

'Z� 

Polarity" 
Bit 

• a.eolalloa - 0. 2� Fall Scale 
Accaracy - 0. 5� Fall Scale 

z• 

Science Data *** _/ 
> 
t;; M 'i:l I 
a:: 
t-3 I 
0 

" 0 • "--· · · � �,.) 

***Calibrate levels of Science Data are 1 / 4, 1 / Z and 3/ 4 of saturation leveJ , or PCM counts of 1 28 ,  256 and 384 .  

Eapaeeri&J ,._.•� 
Hoeee......._ le locate<l ln ALSEP Word 5 wtaich le e..ab- commutated over 16 frame• aa foUowa: 

B&t ln Word _S z9 z• I z7 I z*' I zs I z" ! z
3 l zZ z l T zo 

Al Jl Z A3 A4 AS A6 A7 
........ F Engineering Data Bl BZ 

--

lrhn aa. aa - ........ ...._ data 
Al. • • • • • • • •  , A7 - Wta .. ri...S f..- &1>&101 meaeuremenu 
F ._.... 6'! ed�a -lltatloa etart, F • 1 le frame 1 of the aubcommutation and F • 0 eleewbere. 

i 
I: l· , 
l :  
t i J. ' 

{ 
' 
f 
. f f I k � 
• 
I 
� 

I It �: . ,  � ij t ,. 
� ! : 

"'-· 
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, •  ' 

_ ,.  ... ,.�··""'· 

I ;: 
• ' 
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I 

0 

i:njtineerina Meaeurementa (Cont. ) 

Al.SEP-
�bol Locatio.t/Meaearement Word 

DW·l T-penture II (X Seneor) 5 
DM·Z Tempnature IZ (Y Seneor) " 
DM·3 Temperature 13 (Z Seneor) .. 
DM•4 Tem1-4rature 14 (Baee) .. 
DM·C Temperature IS (Internal) " 
DM-6 Level Seneor I 1 " 
DM·7 Le•e1 Seneor IZ .. 
llM·I Supply Vo1taae .. 
DM·-1 X Flip Poeition . 
DM· 10 Y Flip PoeiUon 
DM· l l  Z nip Poeition 
DM· ll X Ciim bal Pueitloa 
DM·U Y Giml»l Poeitioll 
DM · 14 Z Gimkl PoeltiOil 
DM - 1 5  Temperature Control Seleet 
DM- 16 Meaeal'ement R&np 
DM-17 X OUeet F'ae1d 
DM•ll Y OUeet Field 
DM·l9 Z Offeet Field ' 
DM·ZO Mode SC&te .. 
DM·Z1 Offeet Mdreee .. 
DN·ZZ FUte r In/ Out .. 
DM·Z3 Flip/Cal Ialllblt Statae " 
DN·Zf Filler Bite " 
DM-ZI Heater Po-r Statue .. 
DM•Z9 Fl!ler Bite " 

. D:.C-30 LSN Frame 10 .. 

TABLE 3 (COI't�. ) 
MAGNETOMETER MEASUREMENTS 

Seneor 
Frame Jtanse Accuracr 

1, 9,  -Jo0c to +65°C ;!:l'l!o 
Z, 10, .. " 
3, 1 1, .. " 
4, lZ, .. " .. 
5, 13, " .. " 
6, 14, • 1 ,;0 to + 1 5° 
7, 1 5 .  .. " 
a. 16, 0 to +6. Z5V �- l'l!o 
1 Diacret!'l 
z " 
3 " 
t " 
4 . .  i 
5 .. ; 
5 .. ' 
7 .. r - T- ·  See Table 4 .. 
See 'l'able 4 " 
See Ta;.•e 4 .. 

u .. 
1:f .. 
1 5  " I 15  .. 
16 " 
6 " _j 6. s ,, 

(Derived Crom F la 
Frame I I) 

Bitei 
s·.mple 

7 
.. 
.. 
.. 
" 
" 
" 

Z ata_tua bite 
z " .. 
z " " 
1 " " 
1 " " 
1 
l 
z .. 
3 
3 " 
3 
1 
z 
1 
1 
z 
z 
z 

Detail ot the etaau-blt aease ie ebowa in Table: 4 and the natul bit 1tructure ie ehown in Table S. 

' ... 

S>.mpfe /  sample/ 
Sec Frame 

I Z07 1 /8 
.. .. > .. .. 
.. .. t; .. .. t:1 .. .. �. .. .. ' 

• 104 1/16 � " .. 1-3 .. .. I 
.. " 0 
" .. Vol 

0 

...... 
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ALSEP- MT- 03 

TABLE 4 

MAGNETOMETER 1 6  POINT ENGINEERING SUBCOMMUTATION FORt . .tAT. 

- --- ·-

Magnetomete r 
&ubcomn .atior.. Frame Statui Bits 

Frame Mark Bit Data (bits 9 a.1d 1 0 in word 5) 
1 1 Temp 1 1  X-axh Flip Position - D1 vz 
z 0 Temp ## ?.  Y-axi• Flip Position - B 1  Bz 

3 0 Temp 13 Z-axis Flip Positu.n - B 1 Bz . 
4 0 Temp #4 g- axi e Gi:nbal Position - B 1  

-axis Gimbal Po1ition - Bz 

5 0 Temp I S  {Z-axill Gimba. Position - Bt 
Thermal Control Select - Bz 

6 0 Level f l  Spare Bit - B1 
Heater P<>wer Status - Bz 

7 0 Leve l fZ Meas urement Raage - B 1 Bz 
: 

8 0 
! 

Voltage # 1 Fillet Bits - B 1 Bz 

9 0 ' Temp f l  X-a:tis Field Offset - B 1 Bz} 3 bit WO,i;'d 

10 0 Temp IZ 
i {X-axis Field Offset - Bt 

Y -axis Field 0££aet - Bz 

B.} 3 bit word 
! 1 I 0 Temp 13 Y -axis Field Of!set - Bt 

lZ 0 Temp 14 Z-axis Field Of!set - B 1 Bz} 
3 bit word u · 0 Temp IS � � axis Field O!Cset . - B t  

Mode State - •3z 
li  0 Level f l  Ofbet Addreu State -B 1  Bz 

15 0 Level 11. tilter Status - a·1 
Flip/f i. inhibit stat1:s - Bz 

16 0 Voltaae t l  Flller bits • B 1 Bz J 

B- 1 7  
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TABLE 5 

MAGNETOMETER ENGINEERING STATUS BIT STRUCTURE 

Statua rlaa 

Y ·axh Fli.p Poaition 

Z·axlo Flip Pooltion 

X •A>' II Gimbal Poolllon 

Y•ule .... h.&bal Poeltioll 

Z·u' • Climb& I Pool lion 

�,•mp Co�trol ��•c.e 
Heater Power Statu a 

Filler Blto 

X ·Rio Field Offoet , .. .. .. 

i .. .. , .. 

: .. 

I " 
I 
I " 
I "  

I :: 
Y·Rio Field ocroet 

. 
I I " 

I "  .. 

" .. 

' I 
; " 

1 .. Z•axlo Flold Olfoet 

., 

" 

Modo Stato II II 
Olfoot Addnoo IStato II U I• 

Filter Btatuo 
" .. 

Flip/Cal, lnhll><t Btot11o 
fl .. " 

Filler blto 

l 
3 
3 
J 
3 
4 
4 
4 
4 
5 
s 
5 
s 
6 
6 
1 
1 
1 
7 
I 
9 
10 
9 
10 
9 
10 
9 
10 
9 
10 
9 
10 
9 
10 
10 
I I  
10 
I I  
10 
I I  
10 
I I  
10 
I I  
10 
I I  
10 
I I  
ll 
u 
u 
u 
ll  
u 
ll 
u 
ll 
u 
u 
u 
ll 
u 
u 
u 
14 
14 
14  
14  
1 5  
IS  
IS  
IS  
16 

0 

I 
0 

I 
I 
0 
I 
0 
I 
I 
0 
I 
I 
I 
0 
0 
0 
0 
I 
0 
0 

0 

0 

0 

I 
0 
I 
I 
0 
I 
I 
I 
0 
0 
0 
0 
I 
0 
0 

0 
I 
0 
I 
I 
u 

0 

I 
0 

I 
0 
I 
0 
0 
0 
I 
I 
1 
I 

0 

0 

0 

0 

0 
I 
I 
0 
I 
I 
I 
0 
0 
0 
0 
I 
0 
0 
I 

0 

0 

0 

0 

0 
I 
0 
0 
I 
I 

I 
0 
0 

Status 

Not at 0°, 90°, or I 1!10° poai�ion 
0° JOaitiOR 
'JO r••hon 
!80 po�uon

t. Not at 0 , 90 , or 110° poaition 
0°cro•ition 
90 r•ltion 
180 po\,ition

0 Not at 0 , 90 , or 110° poaltlon 
0°cfo•ition 
90 J'�•illon 
J80 poaiuon 
Pre Site Survey Polition 
Poat Site Survey Po•hion 
Pre Site Survey Poaitic..n 
Poet Site Survey Po1ition 
Pre Silo Survey Poaition 
Poll Sue Survey Po1ition 
X-axi1 Control 
Y -axil Control/Off 
Heater ON 
He&ter OFF 
IOOV ll&nae 
ZOO \" Rani• 
400 '1' Ranae 
Error 
Not Uled 

o,.. ofloet 
O'lo offut 
.Z5'1o offoet 
.l51o offset 
·SO'Io ofloet 
·501. offoet 

\ ·15'1o ofllet 
' •151. offaet 
f+"lliotJ, ofl•�t � ;us'lo off• eo I �+50'1o offset 
I+SO'Io offoet 

+251. offset 
+Z5'1o offlet 
o,. offset 
O'To ofloet 
· Z5'1o offoet 

l5'1o olf�et 
• 50'1o oflaet 

'• SO'Io offoet 
· 7 S'To olfoet 

l" 75'1o offo et 
f+?S'To offo et 
'ltn1o ofloet 
+SO'Io offoot 
+SO'Io ofloet 
•ZS'To ofloel 
+n" offut 
O'lo ofloet 
O'To ofloet 
• lS'Io olhet 
• ZS'To offoot 

SO'Io ofhot 
50,., oflaot 
15'1o offoet 
75'1't ol!ut 
75'1o ofhet iS% offoot 
SO<;!, offoet 
SO'To olfoot 
lS'To offoot 
lS'To offoet 

Calibrat• ON 
Calibrate OFF (Science) 
Not at X, y, or Z 
X•a�tlo �ooitlon 
Y•a1<io pooition 
Z •aKio pooltion 
Filter bypu 10d 
Y'lltor not byp> oood 
C•libratltJn Inhibited 
Calibration not Inhibited 
Not uocd 

( 

' 

, 
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TABLE 6 ..-: 

SUPRATHERMAL-ION DETECTOR AND COLD CATHODE 
GAUGE EXPERIMENT MEASUREMENTS 

(SIDE I 

!""' 

Bit/ 
Symbol • Location/Name_ __ SIDE Frame Range•• Aec:_uraey __ Sample 

Followin1 meaaurements carried in ALSEP Word I S  even. SIDE Word I and in lndicaL4d SIDE Frames. 

DI- 1 •SIDE Frame Number All 0 - 127 

FoUowinl meaaurementa :arried in ALSEP Word 31 even, SIDE Word 2 and in indicated SIDE Framea. 

Dl·Z 
DI-3 
Dl-4 
DI-5 
DI-6 
DI-7 
DI-8 

DI-9 
DI- 10 
DI· l l  

Dl· IZ 
DI- 13 
01-14 
DJ- l S  
Dl- l f•  
DJ- 1 7  
DJ- 18 
Dl- 19 
Dl-20 
Dl- 2 1  
Dl-22 
Dl-23 
DI-24 

OI-25 
01-26 
DJ-27 
Dl·ZI 
01-29 
Dl-30 

+5 volt• analo1 
CCGE Output 
i'emp. f l  
Temp. fZ 
Temp. 13 
4. 5 KV 
CCGE Ran1e 

Temp. f4 
Temp. IS 
GND Plane Yolta1e 

Solar Cell 
+60 volta 
+30 volta 
+5 volta cliptal 
Ground 
-S volt• 
-3fl volta 
Temp. 16 
-3. 5 KY 
+I. 0 volt cal. 
+30 mY cal. 
+ A/0 Ref. volta1e 
Dual Cover and Seal 

-A./0 lle!. volt 
- 1. 0 volt cal. 
- JZ volt cal. 
+ lZ volt cal. 
Pre Re1 Duly Fact. 
-30 mV cal. 

o. �Z. 64, 96 
I, 3,  5 .  7 , 9 . 4 1 ,  7 3 ,  105, 1 Z l · IZ7 

2, 34, 66, 98 
4, 36, 68, 100 
6 , 38, 70. 102 
8 . 40 , 7Z, l04 

10, 24. �2. 56, 74, 88, 10o, l20 

1 1 , 43,  75, 107 
12. 44, 76, 108 
1 3 , 1 5, 29, 3 1 , 45 , 47, 6 1 , 63. �9 
77.j9. 93. 95, 109, 1 1 1  
14 , 7 8 
1 6, 48, 80. l i Z  
17, 49, 8 1 , 1 1 3 
18, 50, 82, 1 14 
19, 5 1 , 83, 1 1 5 

zo. 52,84, 1 1 6 
2 1 ,  53, 85,  1 17 
2Z, S4, 86, 1 18 
23 , ss. 87. 1 19 
27, 59. 9 1  
25, 57, 89 
26. 58, 90 
67 , 7 1  

30, 62, 94 
37, 10 1 
.>9, 103 
Z8, 60, 9Z 
65 
46, 1 10 

•See -te - Pap 21 for meaaul'em�nt content. 

••a....., of aeftaor output 

SV +0. I S V  

1 0 0  • o  4000K 
-90 to + 125°C 

.. -90 to +tzsoc 
3. 7Z to 5. 4SKY 
Range 1 1  6 .  9 to 9 .  OY 
Range 12 4. 2 to 5. 7Y 
Range 13 z. 2 to 3. ZY 
-SO to +900C 
-SO to +90°C 

15 mV to 600 mY 
• I S  to I SO V  
. IS  to I SOV 
I S  mV to I S V  
0 to 18 mV 
- 1 5 mV to · I SV 
- . 1 S to - 1 50V 
-so to +90°C 
-2. 9 to -4. 25 KV 
1 5 3  - 1 5 7  Count 
ZO - 34 Count 
IS mY to I SV 

Preset 3. IZS to S. SV 
Seal only I .  875

. to 3.  12SV 
Ouat cover only • 625 to I. 87SV 
Cuver and aea1 0 to , 6Z5V 
- 1 5  mV to - 1 5V 

153 - 157 Count 
244 - 248 Ccunt 
Z44 • Z48 Count 
68% to 100% 
12 - 34 Count 

NA 

+ 10°K 
+soc 
!:s0c 

* 3'· 

7 bit 
4 to 10• 
incluaive 

8 

Sample/ 
See. 

Q 

)> 
� · 
M "t! 
I 

� 
� 
I 0 1.1-> 

l 
\ t 
t ·  I t ' I i ! 
f t I r 1 l­� -
t 
� ' ' I r I ! r 
f. 
f 
l 
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. TABLE 6 (CONT. ) 

SUPRATHERMAL ION DETECTOR AND COLD CATHODE 
GAUGE EXPERIMENT MEASUREMENTS 

SIDE 

Nominal Bit/ �1 Locat!011lNam� _ _SlDE Frame _ ___ _ __ _ �a_lu� _ _ _Tole rance Sample 

DF-Z9 One Time Commaad 
Repater Statu 

33, 35 , 97, 99 Preaet 0 to • 625V 
Seal only • 625 to 1. 875V 
Duet cover l. 875 to 3. 125V 
Duiot cover and Seal 1 ,  1Z5 to 5. 5V 

FollowiJia meaaareaaeate carried ia ALSEP Word 47 even, SIDE Word l and in indicated SIDE li'ramea. 

Dl-40 IIECPA Stepper Voltqe . 
Dl-41 .. 

Dl-42 .. 

Dl-43 
01-44 " 

Dl-45 
DI-46 
DI-47 
Dl-48 .. 

Dl-49 
DI-50 " 
DI-5 1  " 

Dl-52 
DI-53 " 

Dl-54 
n1:55 
DI-56 
m-57 
Dl-58 
DI-59 
DI-60 " 

1. 2 1 , 4 1 , 6 1 , 8 1 ,  101 .  
2 , 22, 42, 6Z, 8Z, 10Z 
3, 23, 43, 63, 83, 103 
4, 24, 44, 64, 84, 104 
5, 25, 45, 65, 85, 105 
6 , 26, 46. 66, 86, 106 
7 , 27 , 47 , 67 , 87 , 107 
8 , 29, 48, 68, 88, 108 
9 , 29 , 49, 69, 89 ,  109 

10, 30, 50, 70, 90, 1 10 
1 1 , 3 1 ,  5 1 ,  7 1 , 9 1 ,  I l l  
12, 32, 52, 72, 92, 1 12 
13, 33, 53, 7 3 ,  93. 1 13 
14, 34, 54, 74, 94, 1 14 
15,  35,  5 5 ,  75,  95, 1 1 5  
16 , 36 , 5�. 76, 96, 1 16 
1 7 ,  37, 57 , 77 , 97 , 1 17 
18, 38, 58, 78, 98. 1 1 8 
19 , 39, 59, 79. 99. 1 1 9  
20, 40 , 60, 80, 100, 120 

0 ,  1 2 1 , 122, 123, 1Z4, 125 
1Z6, 127 

Enersy Filter Voltase 

- rt437. sv 
406. 25V 
375 . 0V 
343. 75V 
3 1 2. sv 
Zb ! 2SV 
250. !J'T 
2 18.  75\' 
187 . sv 
156. 25V 
93. 7SV 
93. 7SV 
62. sv 
3 1 .  25V 
12. SV 
8.  75V 
6. 2SV 
3 . 7 5V 
2. sv 
l . ZSV 
ov 

FoUowina m�a••r-DU carried ia ALSEP Word 56 even, SIDE Word 4 ancl in indicated SIDE Frame a. 

Dl-61 -··· HE Data - MS� All 0 to 999 decimal 

Fo1lowinl meat uemeate carried ill ALSEP Word 63 even, SIDE Word 5 and in indicated SIDE Framea .  

Dl-62- HE Data - LSI>" 

•wsn - Moat aipilic!lllt data 

.. LSD - Leaat alanificaat data 

- For Callbratioa Yal-•, aee ea4 of table. 

'" ..... 

All 0 to 999 decimal 

8 

8 

10 

10 

.-.: 

Sample/ 
Sec. 

r'\ 

> 
� M "0 
I 

� 
1-j I 0 ...., 

....... 

j � J 

I I � ·  l 

f; 
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Symbol 

SUPRATHERMAL ICN DETECTOR AND COLD CATHODE 
GAUGE EXPERIMENT MEASUREMENTS 

Sli"E 

Location/!ll<&mc SIDE Frame 
Bits/ Sample I 

Range Accuracy Sample Sec. 

Following measurem .. nu c11rried in AL::>T.J> Wurd 1 S udd,SIDE Word 6, and in indicated SIDE Frames, bUs 4 to 10 inclusive . ,. 

01·63 

DI-64 

Dl-65 

m-66 

DI-67 

Dl-68 
DI-69 
01-70 
DI- 7 1  

Ground PI"'"" Step Nun1bt'r 0. z, 4,  6, 8 ,  10,  IZ,  14, 16,  
18, ZO, ZZ, Z4 , Z6, Z8, 30 , 
3Z, 34, 36. 38, 40, 4Z, 44, 46, 48 
50, 5Z , 5� . s6, 58 . 60 , 6Z , 64, 
66, 68, 70, 7Z, 74, 76, 78, 80, 
8Z. 84, 86, 88, 90, 9Z, 94. 96, 
98, 100, IOZ, 104, 106, 108, 1 10 ,  
1 12, 1 14,  I 16,  1 18 

Command Repater l, 5, 1 3 ,  17,  � 1 .  Z9, 33, 37, 45, 41, 
53, 6 1 , 65, 69, 77, 8 1 , � S. 93, 97, 
10 1 ,  109, 1 13 ,  1 1 7 .  14 

� Realater 3, l l , l5, 19, Z3, Z7, 3 l , lS, 43, 47, 
5 1, 55, 59, 63, 67, 75, 79, 83, 87 ,  
9 1 , 95. 99. 107, 1 1 1 , 1 1 5, 1 19 

Duat Cover &nd Seal 

Elec;trometer Range 

Cal Rate fl Statua 
Cal Rate IZ Statua 
Cal Rate f3 Status 
Cal Rate f4 Statui 

7 , 39, 7 1 , 103 

9, 25, 4 1 , 57, 73, 89, 105 

1Z0, 1Z4 
l Z I  
1ZZ, 1Z6 
1Z3, 127 

*
Dt - 1 ,  DI-63 through DI-7 1  meaaurement content shown below: -

z9 z8 I z7 J z' zS 

.- f'l__L �z \ "I A
z 

DF-7 Parity 

DF-8 Frame lD 

z" z3 

A3 
A

4 

zZ z l . zo J 
A

s 
A6 A7 I 

Same a• DI-63 tht'ouah 
DI-7 1 and Dl·l 

Same a• DI-63 through 
DI-7 1  and DI- 1 

Z4 stepa 
0 - 1 1 .  
16-Z7 

0 to 1 5  

0 to 1 4  

Duat cover•d aeal blown - 0 
Seal only - I 
Duat cover only - Z 
Reset - 3 

Range I 1 • 0 
Range fZ • Z 
Range fl • 3 

0 
1 
z 
3 

P Parity check bit 
F Frame ID 
A Data (LSB in A7l 

' ' 1 '' odd number o£ one• in 
previolls ALSEP !rame. 

"0" even number o£ one• in 
"revioua ALSEP frame. 

00 even ALSEP (rame . 
1 1  odd ALSEP frame . 

NA 7 

NA 7 

NA 7 

7 

7 

7 

z I 

� 

. l  L 

> � f t;; � � 
� M t "0 � I � � I � o-i i-I � 0 I Vol i i £ 
t ! �-
J 
! ' �-

< ; 
� 
f f 

j 
' '  
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TABLE 6 (CONT. )  
b:1 
I 
N 
N 

0 

Symbol 

-
SUPRATHERMAL ION DETECTOR AND COLD CATHODE 

GAUGE EXPERIMENT MEASUREMENTS 

Location/Name SIDE Frame 

SIDE 

Nominal 
Value Toler&Dce 

Followtns mea•urement• carried in ALSEP Word 3 1  odd, SIDE Word 7 and in indicated SlDE Fr�e•. 

DJ-7Z 
!)J-73 
DI-74 
DI-75 
DJ-76 
DI-71 
DI-78 
DJ-79 
DI-80 
DJ-81 
DI-82 
DI-83 
DI-84 
DI-85 
DJ-86 
DI-87 
DI-88 
DI-89 
DI-90 
DI-91 
DI·9Z 
DI-93 
DI-94 
DJ-95 
DI-96 
DI-97 
DI-98 
DI-99 
m-o 
D.J-1 
D.J-Z 
D.J-3 
D.J-4 
m-5 
D.J-6 
D.J-7 
D.J-8 
D.J-9 
D.J-10 

Velocity Filter Voltase 

.. 

.. 
.. 

, 

.. 

.. 

.. 

.. 

.. 
It 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
" 
" 

.. 

.. 

.. 

It 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" 

� 

Normal Mode 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
2:1 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 

Re•et @9 
0, 60 
1 , 6 1  
2, 62 
3, 63 
4, 64 
5, 65 
6, 66 
7, 67 
8, b8 
9, 69 

1 0, 70 
1 1 , 71 
12, 72 
13, 73 
14, 74 
1 5, 7 5  
1 6, 76 
17, 77 
18, 78 
19, 79 

�·,tage 

29. 0V 
26. 3 
23. 8 
� 1 . 4  
19. 2 
17 1 
14. 5 
13. 3 
1 1. 6  
10. 0 
8. 59 
7. 30 
6. 40 
5. 13 
4. 25 
3. 50 
2. 89 
2. 4 1  
2. 07 
1 . 87 
16. 7 
15. 2 
13. 7 
12. 4 
1 1. 1 
9. 86 
8. 36 
7 . 66 
6. 68 
5. 78 
4. 96 
4. 2 1  
3. 69 
2. 96 
Z. 45 
2. 0Z 
L 67 
i . ,� 
1. 20 

"' 
..... 

Bit.•/ 
Sample 

8 .. 
.. 
" 
t 

t 

" 
" 
" 
" 
" 
.. 
" 
t 

sanlple7 
Sec. 

0 

> 
b; M "0 I 

� 
1-3 I 
0 
U.) 

'-· 
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SUPRATHERMAL ION DE TECTOR AND COLD CATHODE 
GAUGE EXPE RIMENT MEASUREMENTS 

SIDE 

I Nominal Bita / Sample / �bol Location/Name SIDE Frame Value Tolerance Sample Sec. 

:f Normal Mode .Reaet @ 9 Voltage • 

4 Df - 1 1  Velocity Filter Yolcap 39 l . 08 V  8 
DJ- IZ .. .. .. 40 20, 80 9. 65 " 
Df - 13 .. .. " 4 1  2 1 , 8 1  8 .  77 · " 
Df-14 .. .. .. 42 22, 8Z 7. 93 " 

. .Df - 1 5  .. .. " 43 23, 83 7 . 14 .. 
Df - 16 " .. 44 24, 84 6. 39 .. 
D.J -11 .. " 4 5  25, 85 5. 69 " 
DJ' - 18 .. " 46 - - 26, 86 4. 83 " 
Df - 19 " .. 47 27, 87 4. 42 " 
D.!-.:W .. .. 48 28, 88 3. 86 " 
DJ'-Zl .. " 49 29, 89 3. 3f " 
DJ-Z2 " .. so 2. 86 .. 
W-23 " .. 5 1  -- z. •� .. 
DJ -24 .. .. .. 52 2. 1 3  " 
Df-25 .. II " 53 l. 7 1  .. 
DJ-26 .. .. .. 54 1. 42 " 
DJ-27 .. " " 55 1. 17 .. 
DJ-28 " .. .. 56 . 963 " 
DJ-29 .. .. 57 . ao 5  . .  
D.J-30 .. " 58 . 69 1  .. 
D.J-31 " .. 59 • 624 " -
D.T-32 .. II 60 30, 90 5. 57 
DJ-33 II .. 6 J  31, 9 1  5. 06 
DJ-34 " " 62 32, 92 4. 58 D.J-35 .. II 63 33, 93 4. 12 
D.J-36 .. .. I 64 34,94 3. 69 
DJ-37 " .. .. 65 35, 95 3. 29 
DJ-38 " .. .. 66 36, 96 2. 79 
DJ'-39 " .. 67 37, 97 2. 55 
DJ --60 " " 68 38 , 98 2. 23 
DJ-·61 II II 69 39, 99 1 . 93 
DJ -42 .. " 70 1 . 65 
m-43 n " 7 J  1. 40 DJ-44 .. " 72 1. 23 
DJ-45 •• " 7 l  . 987 
DJ-46 n .. 74 . 817 D.J-41 .. .. 7 5  • 67) .. 

td D.T-41 " .. 76 • 556 .. 
I D.J-49 .. " 77 . 464 .. N DJ-50 .. .. 78 _ ,, " ""' 

> 
l" (/) 
M 
1:i 
I 

� 
...j 
I 0 w 

...... 
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TABLE 6 (CONT. ) 

SUPRATHERMAL ION DETECTOR AND COLD CATHODE 
GAUGE EXPERIMENT MEASUREMENT S  

SIDE 

Nominal Bits/ Sample/ 
Symbol Locati-/Name SI:pE Frame Value Tolerance Sample Sec. 

DJ-51 Velocity Filter Volta&• 
m-sz " 
OJ-51 " 
DJ-H .. 
m-55 " 

DJ-56 · It 
DJ-57 
D.J-51 
01-59 
DJ-60 " 
ru-61 ... .. 

D.J-6Z " .. 
D.J-61 " " 
DJ-M ' "  .. 

D.J-17.5 .. " 
DJ-66 " " 
DJ-67 " " 
DJ-61 " " • 

D.J-69 " " It 
DJ-70 " ·  " It 
Dl-71 " " .. 
DJ-'72 " " " 
D.T-7J " It " 
m-74 " " " 
Dl-75 .. It .. 
m-16 " n " 
m-n _ .. � .. 
OJ-'II " " " 
01•'19 .. It " 
01-10 " .. " 
OJ•I1 " .. .. 
DJ•IZ .. " .. 
D.J-13 n .. " 
D.J•M .. " " 
m-as " It " 
D.J-16 � " It 
D.J-11 .. " " 
m-a .. .. .. 
D.J-89 n " " 
D.J� " " " 
D.J-91 " " " 

' --

Normal Node 

79 
80 
81 
8Z 
83 
84 
85 
86 
87 
88 
89 
90 
9 1  
9 Z  
93 
94 
95 
96 
97 
98 
99 

100 
101 
lOZ 
103 
104 
105 
106 
107 
1 08 
1 09 
1 10 
1 1 1  
l i Z  
1 13 
1 14 
1 1 5  
1 1 6  
1 17 
1 1 8  
1 19 

Reaet @ 9 

'10, 100 
4:. 101 
4Z, 10Z 
43, 103 
44, 104 
45, 105 
46, 106 
47, 107 

48, 108 
49, 109 

50, 1 1 0  
5 1 ,  1 1 1  
SZ, l i Z 
53, 1 1 3  
54, 1 1 4  
55, 1 1 5 
56, 1 1 6 
57, 1 1 7 
58, 1 18 
59, 1 19 

Voltage 

• 360V 
3. ZZ 
2. 92. 
2. 64 
2. 38 
z. 1 3  
1 .  90 
1. 61 
1. 47 
i. 29 
1. 1 i 

• 9 5• 
. 8 1 1  
. n o 
• 570 
. 47Z 
• 389 
• 3Zl 
. 2.69 
. Z30 
. 2!38 
1. 86 
1 .  69 
1 .  53 
1. 37 
I. 2.3 
1 .  10 
• 930 
• 851  
, 743 
• 612 
• 551 
, 468 
. 409 
• 32.9 
. Z7Z 
• ZZ.4 
• J 85 
. 1 55 
• 1 33 
, 120 

� 

8 
" 
II 
I I  
I I  
" 
" 

II 
II 

" 
II 
.. 
II 
" 
II 
II 
II 
" 
II 

" 
II 
" 
II 
" 
" 
.. 
" 
" 
" 

..... 

:> 
� M "'d I 
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SUPRATHERMAL ION DET ECTOR AND COLD CATHODE 
GAUGE EXPERIMENT MEASUREMENTS 

Symbol 

DJ-9Z 
D.J-93 
DJ-94 
D.J-9 5 
DJ -96 
D.J-97 

....,c;atlon/Name 

Velocity Filte r Voltap 

SIDE Frame 

Normal Mode 
lZO 
I Z I  
I ZZ 
I l l  
IZ4 
IZS, 1Z6, IZ7 

SIDE 

Nominal 
Value 

Relet @ 9 Voltage 
IZO Z9. 0 
l ZI Z6. 3 
I ZZ ' Z3. 8 
l z: J  Z l .  4 
IZ4 19. Z 
I Z S, IZ6, IZ7 >Z9. 0 

FoUowiftl meaa�ar.,.enta c:aniecl in ALSEP Word 47 odd, SIDE Word 8 and in indicated SIDE Framea. 

DJ-91 
DJ-99 
DF·O 
DF• l 
DF-Z 
DF-3 
DF-4 

� 

LECPA Stepper Volta1e 

Location/Name 

Eneray Filter 
Nurmal Mode Relet Vel. Filter @ 9 Voltage 

0·19 
Z0-39 
40- 59 
60-79 
80-99 
100- 1 19 
IZO· lZ7 

SIDE Frame --- · --

0-9. 60-69 
1 0 · 1 9 , 70-79 
ZO·Z9, 80·89 
30- 39, 90·99 
40·49. 1 00 - 1 09 
50· 59. 1 10· 1 1 9 
lZO· lZ7 

Ranse 

IZ. I SV 
4. 050 
1. 3 5  
. 4 50 
• I SO 
• 0 50 
ov 

Accuracy 

FollowiJII meanranenta carried ia ALSEP Word 56 odd, SlOE Word 9 and in indicated SIDE Framea. 

DF•S LE Data • MSD . AU 0 to 999 decimal 

Foll...n-. meaaurementa carried in ALSEP Word 63 odd, SlOE Word lOand in indicated SIDE Framea. 

DF•6 
• 

LE Data - LSD AU 0 to 999 decimal 

Two SIDE measurement• are inc:lwled ia ALSEP �ouaekeepin& Word 33 (Table I )  
AI- 1 

J\I·Z 

!I!!!!!!!. 
ix-61, 62 

DF-S, 6 

Low Eneray Detector Count 
Rate 

Hish Eaersy Detector Count 
Rate 

70 

8S 

SClENCE CAL. DATA (NORMAL MODE) 

Location/ Nam'! 
HE Data 

LE Data 

SIDE Frame 

1 20,  1 24 121,  1 Z5 
ll.l, 1Z6 
lZl, I Z7 

l ZO, l l.C. 
l Z l ,  I ZS 
I ZZ, I Z6 
IZ3, U7 

10 - io6 counta/aec 

10 - 106 counte/ aec 

PCM Collftt Ranae 

618, 800 to 646, 800 
O to 4  

\SO to 1 58 
19, 375 to ZO, l75 

0 to 4 
I SO to 1 58 

19, 375 to Zi>, 175 
618. 800 to t-46, 800 

Tolerance 

Bit./ 
samele 

10 

10 

8 

8 

,.. 

Bit a/ 
Samele 

8 

8 

Sample/ 
� 

• 0 1 85 

. 0 1 8 5  

" � 

Sample a I 
Sec. 

> 
� 
t::l 'U I 
s: 
>-3 
I 

0 ....., 

� l I 
• J • 
f 
t i t J 1 
� J ' � 

t � t 
,. ' r ' 

i' � 
I ; 
• ' t 
; � I 
t 
' 

� 
f t 
I, !, ' I i t I I 
r l l � ! • 

" 
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TABLE 7 

ACTIVE SEISMIC MEASUREMENTS 

.,.._. 

..,._, 
A."'-: 
�"""' � 
A."-4 

.... n 
--� 
- ·  
.... . 

All-4 
At:.' 
..... 
..... 
.... . 
..... . 
...... 
DLL II 

.... .. 
.... . 
A&- I 
AK-4 
All• I 

.... .. 
as. .. 
.,....,. 
- n  

1.-.c-adMa/Namr t:hann•l llanc• 

...... thr A,-u,,.. !rbnd• l• ftftl ...-ratl .. the- followrinll mr.a•ul'artcont• are: pro,·WH 
lh�t. lhr 10-c-....•1 ...St6p1Pih'r nr the O.t8 S/'i. 

,!c;;.,i!��·nl. Tcm,..,..w ..... u·tvm Taw .. lJ 
r..-... t fllt.at ... Palt'bc• T .. rnp. 

M..rt•r llo1r. T ... np. 
C...--d. r ........ ·ho.·r A••"""'' Tdft1t. 

C .......... T.-mp. 

Ath- Sc-lemic 'h-ae•h'melth 

, . 
•• 
.. 
, . 

Al!.l!m. .&!!!!!!!! 

·-� !"r ·� � l . l  

c...,.o- • l  .,..., All 

� · · -· All 

G.o.p'- • I  -· 
: dt...,..h �.: : 

• rc r.....,. •• ,__. T� • t � .  I 
._. R�r •I C.rt'ftlt ·· ' I 
<t \Y T.,lftn..ery 7. I I 
��� h ,\na'e t. IO I 
""'' ... ""' ll. ll I 

C--ad.- 1.--C'Iwr M..,.nw,. T..mp. t• 14 I 
�· l"•li'w.-at.- 1'tll• �� II- I 
AID C'.aUhratimt t. nv 11 •• I 

A/n C:.llhratiell 1 • .:\V " lO I 
c:..tnt !ikatloft 1'-cka��t• n.np. lJ ll. I 
�rrc.r � Yeltap !I.  :4 I 
.....,_ C:.rh'M !'\.!' I 
R l'G tt.�& ··ram� T ...... • I  0:, :a I 
...... . : .... , CJ:• I 
WoH C..t � I 
t:ownt lllt c-t 6\, I 
....... w @ll I 

• 40"'C 10 t i00°C 

-7\°C t.e +aoo0c 

- n°c to ' 100°c 

-.too"'c: to t J \o•c 

"'" 

_ . .. ..  ,., .. 
O tn l \ A DC  
O to �, ! YDC 
* lo• 

• •  o ... 
• ':''"'c In , 1oo"c 
0 tfO I "' 
.!7l � l\6 (OC'u.l) 

76 "' 104 (O.·taiJ 
·•o"c ta • Joo"c 

0 to lO VDC 
O to \ A DC.:  

'1\0° 1- lo t J r.tf•· 
"'" 
N/A 

"'" 
N/A 

dl .. ""' li•ot 10 .... etthe _ ... 

"ii .. naor 
AC"ct.a1"aty 

,. .•c 

,. ,•c 

. ,oc 
• ,•c 

N/A 

. ...... 
* :!' 
• o. \tS 

•o. "� 
• o. �' 
• ,•c 

· ·� 
• o  . .,.,. 

• o. �"' 
. ,•c 

· .:� 
*!"' 
· �0)" 
"'" 
N/A 

"'" 
"'" 

0 ...,.. RI'.C. ,._., ltit• "' the ...... � an ca,.riri ln dM n: •. four bl\a or thP odtl •rd. TIM lut four l,lts oi tt.r 
....... II'IIM1 ... t ...... carried U. tiM' Rret r-r bf'"• of tlw e•t:e -..nt. .. "&C''I C"&ec th• last (or nrthl hit c-1 c-a, h ""b-
_ ... .. . ,. ... 

nua/ 
Nampt .. 

• 

... .,.. .... , 
... 

011111 

0111' 

01'' 

OUt\ 

� � �  

8 

a 

A 

· �  
' �  
· �  
· �  

� �  
lfl. ''· 
16 •6 
lb. '\6 

"·· "' 
� �  
� �  
� �  
� �  
u �  
� �  
� «  
N �  

'"·' 

N/.-\ 

.,.,,, 
11•. "•· 

(t Milft , ...... ...... Roral Tttne £y.-t OC!t'r.ra thrl .. prtor fra"tne"tfr•nw ._ 1: word •cq\leftl .-). mark code 1 e  001')0 fall ''l'Ft't.'e 1t no f'\ \"111). 

(t Mca .. rc• _,..,.. ia prlur !ram .. • -��n� •hic'h Ileal Time F.vant ou·un'"'. 

& 'llr•••rc• lilt .. rl"C wlakh .... , Tlft\e £\'flit OC'C.rrtHI ia �t.ov. -.l'fl in prior fram•. 
e ... .... n,·-'! , '*- ., die  o:..-.,.. . otlle, .: "••· .ot ....-. 

.. ....... "" 

> 
� t1j "tj I 
� 
1-i I 0 � 

£1 

( 

-

I 
J 
f i 
I 
i � 
l t 
f l 

' 
� 
f 
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TABLE 8 

CHARGED PARTICLE EXPERIMENT SCIENTIFIC MEASUREMENTS 

FUpt Spleale J • .f  

T /M Sample• SAmple• 
Al.SEP • CPLEE ..... e Bite Per Per Per 

!z!!!bol Mean-t W'or4e Frame {Cowlt•l Acc:urac::z: Sam,ele Second F rame 

DC- I  DET. 1-4 �:!SIJOV 7, 17 1 0-5Z4, Z87 •• 19 1/ 19. 3 1/3Z 
DC-l DJ:T. l-A +3500 v 19.ZS I .. .. 19 DC-J DE&"� J-A +JSOO V J9, 55 1 .. .. 1 9  
i»C-4 DET. 4-A +3500 V 1. 11 l 0 - 1 048 , 575 • 19  
DC- 5  DET. 5- A  +JSOO V l9. U l II zo DC-6 DET. �A +lSGO V S9. 55 l .. .. zo 

DC-7 DET. 1-B +JSOO V 1, 11 J 0 - 5 Z4, Z87 " 19 .. .. r DC-I DET. &-B +JSOO V 19.2l J .. .. 19 .. .. 
DC-9 DET. J-B +SSOO V st. 5s 3 .. .. 19 .. .. l 
DC- 10 DET. 4-B +3500 V 7. 11 • ... .. 19 " .. ' 
DC- I !  DET. 5-B +JSOO V 19, Z3 • 0- 1 048, 575 .. zo DC-ll DET. 6-B +JSOO V 39, 55 4 .. " io 

DC- IS DET. 1-A +SSG V 1. 11 · 5  0 - 5 Z4, Z87 .. 19 .. 
oc- : s DET. l-A +SSG Y 19. &3 5 .. .. 19 .. .. 
DC- 1 5  DET. 3 - A  +350 V 39, 55 5 .. .. 19 .. .. > 
DC- 16 DET. 4-A +SSO V 1. i1 6 .. II 19  .. .. r-
DC-17 DET. 5-A +350 V 19. Zl 6 0 - 1 048 , 575 .. zo .. .. en 
DC-11 DET. 6-A +JSO V 39. 55 6 .. .. zo II II M 

'tl 
0 - 5Z4, Z87 .. I DC-19 DET. 1-B +3SOV 7. 17 1 .. 19 .. E: DC-lO DET. z-a •ssov 19. ZJ 1 .. .. 19 .. .. DC-ZI DET. J-B +JSOV 39. 55 ., .. .. 1 9  .. .. 1-j I DC-U DET. 4-B +ssov 1. 11 8 .. .. 19 .. .. 0 DC-U DET. 5-B +lSOV 19.ZJ • 0 - 1 048 , 575 .. zo .. .. t..J 

DC-Z4 DET. �· +JSOV n. 5s I .. II zo 

DC-ZS DET. 1-A .+35 V 7, 17 9 0 - 5 Z4, Z87 .. 19 
DC-&6 D£"T. l-A +3SY 19. 23 9 .. .. 19 ne-n DET. J-A +JSV J9. 55 9 .. II 19 .. .. 
DC-U DET. 4-A +J5Y 7. 17 10 .. .. 19 .. .. 
DC-Z9 DET. 5-A +JS"I l9. zs 10 0 - 1 048 , 575 .. zo .. " 
DC-30 DET. 6-A +35Y 39. 55 10 .. II zo .. .. 
1CPLEE •-plial may ialtiaU- at aay etep ¥Oltap 1Mat al-y• etart• wt·lh aaaly-r A. Detec:br 1 on aD .,. .. ALSEP frame. "CPLEE Frame 

Nvll'ber•" an ar!loltrarily a• lliped to ••icnate a poettloa ia the ••q,..·.ace. \ 

.. Error i s  stochastically related to count magnitude. 

' 
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� 

b' r 
N 01) 

. 

�� 

.,., ... 
DC-Sl 
DC-JZ 
DC-JS 
DC-M 
DC-JJ 
DC-16 

DC-JT 
DC-,. 
DC-Jt 
oc-a 
DC-4l 
DC-G 
D<:-0 
DC-� 
DC"'..-45 
DC-.. 
DC-41 
DC-41 
DC-49 DC-!10 
DC-51 
DC-SZ 
DC-SJ 
DC-H 

DC-511 
!JG.H 
D<::-51 
DC;-51 
DC-59 
DC-.0 

TABLE 8 (CONT. ) 

CHARGED FARTIC:.E EXPER IMENT SCIENTIFIC MEASUREMENTS 

...... _ 

DZ1'. 1·8 +SSY 
DET. 1-8 +JSV 
DET. J-B +SSY 
DET. 4-8 +JSY 
DZT. 5-1!1 +J5Y 
DET. 6-B +ssv 

DI:T, I·A40V ' 
DET. Z..A..OY 
DET. J-A.O'i 
DET • ._,,<lOY 
HT. �A+OV 
�. 6-iWOY 

DET. 1-II+OY DCT. Z-B+OY DET. J- 1!1  .. 0¥ 
DET. 4-Jt+OV 
DET. 5-1!1+ .... 
DET. 6-l!l.cJ11 
DET. a-A -ssoo v 
DZ1'. Z,.A • JSOO Y 
DET. J-A •JSOO Y 
DET, 4-A · JSOO V 
DET. 5-A •J500 Y D£T. i·A •J500 Y 

DET. 1·8 ·JSOOY 
DET. 1-B -J500Y on. ,_. - ssoov 
DET. 4·8 • J500Y 
DET. s-a -noov on. 6-B - ssoov 

AJ..SEP 
Won• 

7, 17 
19, ZJ 
n.s� 

'1, 1l 
19,ZJ 
)9, 55 

7, 17 
19, U 
)9, 55 

1, 17 
l9. 2J 
J9, 55 

7, 17 
19,Z1 
J9, U 

1, 17 
l9.ZJ 
:19, 55 

1, 11 
19, ZJ 
39, 55 
7. 17 

19, U )9, 55 
�. 11 

19, ZJ 
J9, 55 

1, 11 
l9,ZJ 
)9, 55 

�U:E Ilana• 
� rame !Count•! 

1 1  0-5Z�, Z87 
11 .. 
I I  .. 
1Z 

O- l o
'48 ,  575 I t  

12 .. 

u < 1 00 
u " 
u .. 
... .. 
14 I I  
... I I  

15 I I  
1 5  .. 
15 .. 
16 .. 
16 I I  
l6 .. 

17 0- 5Z4, Z87 
11 " 
17 .. 
II .. 
II 0- 1 048 , 575 
II .. 

19 O- SZ4, 2137 
19 " 
19 .. 
zo .. 
zo 0- 1048, 575 zo .. 

T/M -·srmp1 .. 
l!llt• Per Per 

Al-�"":"aez SamJ!!! SacDild 
.. 19 1/19. ) 

.. 19 .. 

.. 19 

.. 19 

.. 20 .. 20 .. 
" 

19 
.. 19 .. 
.. 19 .. " 19 .. 
.. 20 ... 
.. 20 " 
" 19 .. 
.. 19 .. " 19 .. 
.. 19 " 
" 20 " 
" 20 .. 

I I  
19 '! 

.. 19 " 19 " 19 " 20 .. zo 

.. 19 " 19 .. 19 .. 19 " 20 .. " zo 

Sam]>lu 
Pu 
6"' ram.e 

1 /32 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
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.. Error is stochastically related to cou.'"lt magnitude. 
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TABLE 8 (CONT. ) 

CHARGED PAR.TIC LE EXPER l'MENT SCIENTIFIC MEASUREMENTS 

. 

!!!!bot 
DC-61 
DC-62 
DC-63 
DC-64 
DC-65 
DC-66 

DC-67 
.. 

DC-61 
DC-69 
DC-TO 
DC-71 
DC-7Z 

DC-73 . t  
DC-74 
.DC-75 
DC-76 
DC-77 
Dc-78 

DC-79 
DC-80 
DC-11 
DC·IZ 
DC-13 
DC-84 
DC-IS 

- DC-86 
DC-17 
DC-88 
DC-89 
DC-90 

. .  

Moasurem ... t 

DET. 1-A - 350 
DE't. 2- A - 350 
DET. 3-A - 350 
DET. 4- A - 350 
DET. 5-A - 350 
DET. 6-A - 350 

-
DET. l-B - 350 
DET. 2-B - 350 
DET. 3- B - 350 
DET . 4-B-350 
DET. 5-B - 350 
DET. 6-B -350 

DET. 1-A -35 
DET. 2-A ·-35 · . 
DET. 3-A - 35 
DET . 4-A -35 
DET. 5-A - 35 
DET. 6-A - 35 

DET. 1 ." · 35 
DET. 2-k· · 35 
DET. 3-B · -15 
DET. 4-8 - JS 

· DET� 5-8 -35 
Di:T. 6·8 · 35 

DET. 1-A-0 
DET� 2-A-0 
DET. J-A.O 
DET. 4-A--0 
DET. 5-.hO 
oaT. 6-A-0 

-- · .  

' . 

ALSEP • CPLEE 
Word• Frame 

7, 17 Z1  
1 9. 23 2 1  
39, 55 21 
7, 17 22 

!9, 23 zz 
39, 55 2Z 

7, 1 7  2 1  
19. 23 Z3 
39, 55 23 

7, 17 24 -
19 .  2� • 24 
39, 55 24 

7, 17 25 
. 19, 23 25 

39, 55 25 
7, 17 26 

19. Z3 26 
39, 55 26 

7; 17 27 
19, 23 27 
J9.. 55 27 

7, 17 21 
19, 23 28 
:sc;, ss " 28 

7, 17 29 
19, 23 29 
39, 55 29 

7, 17 30 
19, 23 30 
39. 55 30 

Range . �Counts) 
0 - 5 24, 287 " 

" 
" 

0 - 1 048 , 5 7 5  
" 

0 - 5 24, 287 
II 

" 
" 

. 0 - 1 048 , 575 
\ II ' 

0 - 524, 287 
II 

" 
II 

0 - 1 048 , 575 .. 

0 - 5 24, 287 
. .  
" 
.. 

0 - 1 048 , 575 . 
.. 

420, OOO:!:l Oo/o 
.. 
" 
.. 
.. 
.. 

T/M 
Bit• Per 

Accuraci Sam,J!1e 

.. e 19 
I I  19 
II 1 9  
" 19 
" 20 
II 20 

- · " 1 9 
" 1 9  
" 1 9 
I I  1 9 
.. 20 
.. 20 

" 19 
II 19 
II 19 
II 19 
.. 20 
II 20 

II 19 
" 19 
. .  1 9  
.. 19 
.. 20 
.. 20 

1 0  counts 19 
.. 19 
.. 19 
.. 19 
.. 20 
.. 20 

tiCPLEE aamptlaa may tatd.U.. at ADY etep voltaae bllt alway• ata�t• with analy .. r A., Datect• , on an even ALSEP frame. 
an "'-"llhn.rtly a•etped � deelpate a poeltle11 ln the aequence. 

.. Error is stochastically r elated to �ount magnitude . 

Sample a Sample• 
Per Per 
Second Frame 

1 / 19. 3 1 /3 2 

" " 

" " 
.. II 

" " 

II II 

II II 

II II 

" II 
" II 

II .. 
I 
I " " - I 

.. II 

.. 

.. II 

.. 

.. ., 

.. II 

.. " 
" II 

.. .. 

.. .. 

"Cl""LEE Frame Noambera" 

c 

> 
� 
tzl 'ij I 
� 
o-j I 
0 
v.; 

...... 
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TABLE 8 (CONT. ) 

CHARGED PARTICLE EXPERIMENT SCIEN TIFIC MEASUREMENTS 

TIM 
ALSEP •CPLEE Range Bite Per 

�bol Meae�a:remeat Worde Frame ICountel Accuracl Sample 

DC-91 DET. 1-B.O 7, 17 3 1  4�0. GOO + l Oo/o · 1 0  counts 19 
DC-9Z DET. Z-B -G 19, 23 3 1  ,;- " 19 
DC-93 DET. 3-B -G 39, 55 3 1  " " 19 
DC-94 DI:T. 4-&.0 7 , 17 32 " " 19 
DC-95 DET. 5-B-.0 19, 23 32 " " zo bc-96 DI:T. 6-&.o 39, 55 32 " " zo 
DC-97 Pbyeical Aaalyser JD 7 1. • N. A. N. A. 1 
DC-98 POlarity of Deflection 19 1 • • N. A. N. A. 1 

Voltage JD 
DC-99 Deflection Voltage ·P� 1 • • N . .  \. N. A. 

LeYel JD z. '!' N. A. . . N. A. 

....... __. DC-97ie the fit'llt bit of word 7, ev.en ALSEP framee; one bi� of DC-99 ie the fint b it of word 7, 
tbe &ret bit of -ret 19. even framee. The remaining bit of DC-99 ie the lint bit of word 39, even framee. 

II 

CPLEE ANALOG HOUSEKEEPil'C DATA 

(ALSEP Word 33) 

!lmbol lfoaeebepiaJ Parameter Cbanne! Range 

AC- 1 Switcbable P. s. Voltaae 25 0 -4. s v  
AC-Z a.-!ti'Oil P. S. f l  89 0-4. sv 
AC-3 "'-nelti'Oil P. S. fZ 40 0-4. sv 
AC-4 DC-DC Converter Voltaae 10 0-4. sv 
AC-5 Temperature of Phydcal Analyser 1 1  -30° to +80°C 
AC-6 Temperature of Switchable P. S. 90 -30° to +80°c 

'lt 

Bite 
Per 

Accuracy__ _ _ _  Sample 

+5" 8 ;; " 
" " 
" " 
" " 
" It 

Samplee Sample• 
Per Per 
Second Frame 

1 / 19. 3 1 /32 " " 
" " 
.. " 
" " 
" " 

1 / l . �08 1 / �  .. " 

" " 
" " 

odd ALSEP framee. DC-98 ie 

Sample Samplee 
Per Per 
Second Frame 

. 0 185 1 /90 " " 
" " 
" " 
" .. 
" " 

> 
t"' en M "0 
I 

� 
1-i I 0 ...., 

'""'"' 

-
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TA BLE 9 (a) 

WORD FORMAT FOR H EAT F LOW EX PER IM ENT 
(FLIGHT SYST EM 3)  

Each Heat Flow data point employs e ight 1 0 -bit wo rds (A LSE P Word 2 1 in ei ght conse cutive 
fram es), arranged as follows : 

-
Heat Flow Bit Pos ition 

Word 1 2 3 4 5 6 7 8 9 1 0 

R 2 R
1 

0 p4 p3 
P2 pl  2 1 z 2 1 1 2 1 0 

0 
i 

29 2 8 z? 1.6 zs z4 -z 3 zz z l ..,0 
'" 

R z R l Ml Mz M
3 0 0 Z

I Z  z l l 2 1 0 
1 

z9 1. 8  z 7  z6 zs 1.4 z3 z z z l 1.0 
Rz R l H4 H

3 
Hz H I 0 2 1 2 2 1 1  2 1 o 

2 1.9 z8 2 7  z6 25 z4 23 2 2 z l z o 

). 
P z R l 0 0 0 0 0 2 1 2 z l l  2 1 0 

29 2 8 z7 . 6 zs 24 23 z2 
, 

z l zo l _ _ __  

z 
L..---..--·--

Where: 

DH- 90 Ml" M2, M3 are mode registers, ( 100} Gradient Mode, (0 1 0) Low Conductivity Mode, 
and (001) High Conductivity Mode, respectively. 

DH-9 1 P4, P3, P2, P1 are measurement identifi cation as described in Table 9(b) . 

DH-92 R2, R 1 ar� binary equivalent of Heat Flow Word. 
DH-93 •H4, H3, H2, H1 are conductivity heater regi sters (8 heaters) . 

DH-94 HFE filler bits ( shown as zeros in above chart) . 

> 
b; t::l '"d I 
� 
1-j 
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.4 r;' HEAT FLOW P - B IT MEASUREMENT DESIGNAT IONS 

J 

-;;; 

� .. 1 

" . ..  1 

J. , .. ' 

.;;,.: __ ,;.; .;�, 

'� 

"' 
N 

0 

P Identification Bits Mea surem ent P Identification Bits r..tea surement 

p4 - p3 

0 0 

0 0 

0 0 

0 0 

0 1 

e 1 

0 1 

0 1 

Pz 

0 

0 

1 

1 

0 

0 

1 

1 

pl 

0 

1 

0 

1 

0 

1 

0 

1 

A T 1 1H 

L\ T l zH 

A T2 1
H 

L\ TzzH 

A T 1 1 L 

· A T 1 2L 

A Tz tL 

A Tz zL 

p4 p3 PG 

l 0 0 

1 0 0 

1 0 1 ' 

1 0 1 ' 

1 1 0 

1 1 () 

1 1 1 

1 1 1 

p l  

0 

1 

0 

0 

1 

0 

1 

T u 
T l z  

Tz 1 

Tzz 

l' ref 

TC group, 
Probe 1 
Tref 

T C  gt·oup, 
Probe Z 

Key to Measuremt!nt Name 

The first subscript refers to the probe (probe 1 or probe Z},  the second refe rs to the 
probe section (uppe r. or lower, respectively) • 

ATijH 

AT . .  L lJ 
... "' ij 

TC group 

T ref 

" 

= B ridge m ea surement of probe temperature g rad�tmt, high sensitivity. 

= B ridge measurem ent of probe tempe rature g�adient, low sensitivity. 

= Total bridge resi stance m ea surement of ambient temperature . 

= Thermocoupl � m ea surem ents of probe cable ambient tem peratu re, 
4 m easurements per probe. 

= B ridge m easurem ent of the temperature of the the rmocouple 
reference junction. '-,, ' 0 

> 
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TABLE lO(a) 

HEAT FLoW MEASUREMENTS FOR GRADIENT AND 
J,.OW eONDUe'l"tVrTY MODES (1 AND 2) 

. ., "' 

Problbi .. Dataf>o\� Sam�� 
set.ot Location/Name •Frame Ran a• Error Frame Data Point Sa mel• 
DH·l ATuH Temp. Grad. Hlah Sene. 0-7 + zoe D. 003°C 

. DH·1 ATuH Temp. Grad. Hlah Sene. B- t s  + zoe 0. 003°e 
DH-J ATztH Temp. Grad. HiJh Sen< . 90-'17 ; zoe 0. 003°e 
DH-4 ATzzH Temp. Grad. Hia'lt Sene . .,8-105 + Z0e 0. 003

°
e 

DH-5 ATu L  Temp. Grad. Low Sene. l8r 187 t 20°e O. 03°e 
DH-6 ATuL Temp. Grad. Low Sene. 188- 1 95 t 20°e o. o3°e 
DH-7 ATzt L Temp. Grad. Lo'N �ne. U0-277 t 2()0e 0. 0 3°e 
DH-1 ATzzL Temp. Grad. l.ow Sene. Z78 -Z!5 t Z0°e o. 03°C 
DH-9 Tu Probe Ambient Temp. 360-367 200 to Z50°t< 0 . 1°e 
DH-lli Tt z  Probe Ambient Te"l1p. 368-375 zoo to zso°K 0. 1

°
C 

DH·ll T;u Probe Aonbient T 'mp. 450-457 zoo to zso°K 0. 1
°

C 
· DH·lZ Tzz Probe Ambient • .omp. 458-465 ZOO to Z50°K o. 1°C 

••DH·U Rer. Ta Temp. Ret Jun· tion 540-547 -20· to +60°C 0. 1°C 
•••DH-14, 14, )4. 44 TCl ar� Probe Cable Temp. 548- 555 .90 to 350°K 0. 3°C 

••DH·15 Ref. TZ Temp. 1\e(. Junction 630-637 -20 to +60°C O. l°C 
-•DH-16, 16, 36, 46 TCZ arovp Probe Cable Temp. 63P .645 90 to 3S0°K 0. 3°C 

1 /7ZO 4 l J Meao 
l /7ZO 4 1 3  Meao 
1 / 720 4 1 3  Meao 
1 / 7?.0 4 I )  Meas 
1 / 720 4 1 3  Meao 
1 / 720 4 1 3  Me as 
1 / 720 4 1 3  Meaa 
1 / 7 ZO 4 1 3  Mea• 
1 / 7 ZO 4 1 3  Mea• 
1 / 720 4 1 3  Meu 
1 / 720 4 1 3  Meu 
1 /720 4 1 3  Meao 
1 / iZO 4 1 3  Meao 
4/720 1 1 3  Meas 
1 / 7ZO 4 1 3  Mea• 
4/7ZO 1 1 3  Meaa 

•T- !>eat n- "-"ta pointe are carrfed In t.he (!ret 16 frame s rollowlna each ALSEP 90 ·frama·mark. Initial 90.frame mark lo arbitrary. 

aaoM-1 3 and DH-15 are 14entlcal phyelcal measurements separated In time by approximately 54 eacont!e. 

� �� comprleee the meaeuremente Indicated In Table l O(b). 

0 

Sampleo/ 
Sec. 

. 002 31 
. 002 3 1 
. 00231 
. 00231 
. 002 3 1  
. 00231 
. 00231 
. 002 31 
. 00231 
. 002 31 
. 002 31 
. 00231 
. 00231 
. 00231 
• OOZ Jl 
. OOZ31 
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TABLE lO(b) 

HEAT FLOW THERMOCOUPLE GROUP MEASUREMENTS 

Symbol_ Data R-.Bits 
Rz Rl 

· nH- 14 Ref. TC - TC 1 (4) . o- -o-Tc1 DH-Z4 TC1 (4) - TC 1 ( 1) 0 1 
Group DH-34 TC1 (4) - TC1 (Z) 1 0 

DH-44 TC1 (4) - TC1 (3) 1 1 

DH- 1 6  Ref. TC - TCz (4) 0 0 
_ TCz DH-Z6 TCz (4) - TCz ( 1 )  0 1 

Group DH-36 TCz (4) - TCz (Z} 1 0 
mt�46 TCz (4) - TCz (3) 1 1 

Note: Subscript refers to probe ( 1  or Z) while designator in parentheses 
refers to thermocouple location, with ( 1) at top position and (4) 
at cable/probe interfaee. 

OTHER DATA POINTS 

High Sensitivity Low R-Bits 

and Tref Sensitivity Ambient Rz � 
+ Excitation Volts + Current + Excitation Volts 0 0 

+ Bridge Output + Bridge Output + Current 0 1 

- .Excitation Volts - Current - Excitation Volts 1 0 

- Bridge Output - Bridge Output - Current 1 1 

"' � ... 
"'· 

">, 

.....--.... � .'! 'lc.w ..... 
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TABLE 1 0(c) 

• 
; A �. 

w � t r 
SELECTABLE SUBSEQUENCES, MODES 1 AND 2 

Measurement Type 

High Sensitivity Gradient 

Low Sensitivity Gradient 

Ambient Temperature 

Thermocouple Temperature 

All four of the above 

Probe 1 

DH- 1 ,  - 2  

DH- 5 ,  - 6  

DH- 9, - 1 0 

DH - 1 3,  - 1 4, -24, 

- 34, -44 

DH- 1 ,  - 2, - 5 , 
- 6 ,  -9, --10 ,  - 1 3, 
- 1 4, - 24, - 34, -44 

Probe 2 B oth Probes 

DH- 3, - 4  DH- 1 to DH- 4  

DH- 7 ,  - 8  DH- 5 to DH- 8  

DH-1 1 ,  - 1 2  DH- 9 to DH- 1 2  

DH - 1 5 ,  - 1 6 ,  -26 , DH - 1 3 ,  - 1 4, -24, 

- 36 ,  -46 - 34,  - 44, - 1 5 , - 1 6 ,  

- 2 6 ,  - 3 6 ,  -46 

DH- 3,  - 4 ,  - 7 ,  DH- 1 to DH- 1 4, 

- 8 ,  - 1 1 ,  - 1 :?. , - 1 5 .  DH -24, - 34,  - 44 

- 1 6 ,  -26,  - 36 ,  -46 DH - 1 5 ,  - 1 6 ,  -26 ,  

- 36 ,  -46 

NOTE: Selected subsequence cycles continuously in first 1 6  frame s  after each A LSEP 9 0 -frame mark. 
Sampling rate of Ta_ble. lO(a) is thus increased by s ubs eque nc ing . 
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() 

!zmllol 
DH-.0 
DH·SI 
DH-U 
DH-U 

DH-68 
DH-61 
DH-61 
DH-U 

DH-56 
DH-51 
DH-51 
DH-59 

DR·" 
DH-67 
DH-61 
DH-69 

DH-141 
DH-11 
DH-U 
DH-U 
DH-10 
DH-11 
DH-U 
DM-IJ 
I)H • .,. 
DH-n 
DH-71 
DH-79 

DH-16 
DH-17 
DH-88 DH-It 

IIOTD: 

n 

TABJ..E 1 1  

HEAT FLOW MEASUREMENTS, MODE 3 UllOM CONDUCTIVITY) 

Heater ----Samp1eo/ 
M•••rement Probe Bridle H-b1u Slatuo Frame Sec. 

DltrerenUal T.,..p, 1 1 0000 OFF 0-7 . 0 185 
Ambieat T...,p. I I 0000 OFF 8 - 1 5  . 0 1 85 
Differential Temp. I I 0001 H1 z ON 0 -7  . 0 185 
Ambleat T .... p. I I 0001 Hu ON 8 - 1 5  . 0185 

Dltrere��tlal I z 0010 OFF 0- 7 . 0 185 
Am bleat I z 0010 OFF 1 - 1 5  • 0185 
Dilforeatial I z 001 1  H1 4 oN. 0-7 
Ambieat I z 00 1 1  H1 4 0N 8 - 1 5  

Dltrerea� I I 0100 OFF 0-7 
Am blot 1 I 0100 OFF 1 - 1 5  
Difloreatial I I 0101 Hu ON 0-7 
Amble at I I 0101 H1 1 ON 1 -15  . .  

DUfereatia1 1 z O l i O  OFF 0-7 " 
Ambleat I z 0 1 1 0  OFF 8 - 1 5  .. 
Dirfereatlal I z 0 1 1 1  HU ON 0-7 .. 
Amblnt I z 0 1 1 1  Hu ON 8- 15 .. 

Dlflereatia1 z I 1000 OFF 0-7 .. 
Ambleat z 

.. 
I 1000 OFF 1- 1 5  .. 

Oiffereatlal l I 1001 Hzz ON 0-7 .. 
Ambient l I 1001 Hzz ON 1 - 1 5  .. 

Dlflerentlal z z I DID  OFF 0-7 
Ambient z z 1010 OFF 8 - 1 5  
Dllferefttlel z z l O l l  Hzf ON 0-7 
Amble Ill z z lOl l H24 0N 8 · 1 5  

Dllfe ... ntial z I 1 100 OFF 0-7 
Ambient z 1 1 1 00 OFF 1-1 5  
Dllfereatial z 1 1 101  Hz1 ON 0-7 
Ambient z 1 1 101  Kzt ON 8- 1 5  

DUferefttle1 z z 1 1 10 OFF 0-� 
Arnbient z z 1 1 10 OFF 1- 1 5  
Dlrfereatlel z z 1 1 1 1 Hz3 0N 0-7 
.Am bleat z z 1 I I  I H;u ON 1-15 

fl) Flret H .. ter (H) .,.biiCrlpt le probe aumber ead oecond ouecrlpt denotee poeltlon of heater. 
with I on top and 4 Oil bottom of prote. 

CZ) Each pair or the ·-· meae .. remeau II •elected, ill toara, by .... c .. tion of the HFE .... ,., Step I Command. 
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Symbol 

AH- 1 . 

AH-2 1 -

AH-3 . .  

AH--4 

· AH- 5 

AH-6 

. . . .  . .  · . .  
AH-7 

<f.) , •• 

TABLE l Z  

HFE A:NALOG (ENGINEERING) MEASUREMENTS 
(ALSEP Word 33) 

Data Fram e Range Accuracy 

·Supply Voltage Ill Z9 0- 1 60 (octal) 50/o full scale 

Supply Voltage #12 · 45  0- 1 60 {octal) So/o full scale 

Supply Voltage #3 . 55  0- 1 60 (octal) 5% full scale 

Supply Voltage 1#4 74 0- 1 60 (octal) 50/o full scale 

Spare 

Low Conductivity 57 2. 0-2.  5 volts ON 
Heater Power Status Otherwise OFF 

High Conductivity 75  2 .0-2. S volts ON 
Heater Prwer Status · Otherwise OFF 

� 

Bits/ Samples/ 
Sample Sec 

8 . 0 1 85 

8 • 0 185  

8 . 0 1 85  

8 • 0 1 85 
> 
["' 

· C/j 
r-r: 

8 • 0 185  � "" I 
� 

8 • 0 1 8·5 ....: I 
0 l.>.l 

8 • 0 1 85 

--... 
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TABLE 1 3  

SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

nJclat Sptem• fl IUMI fZ 

��'lee: '11M SWS u• ALSEP won. T, ZS, 39 and 55 (ill that order) to comrey experimetlt data. The data l• o:r1udaed illto 
16 •....-• of 116 -rd• per aeqoaeace. Sillc e  the poeitlon o! any element ot data (Word) h iDdletermillate with 
reepect to ALSEP rr-es aad Won., the channel de•ipatlon i• dete:rmilled lntemally from lnCo:rmation carried 
Ia dae uta. TIM:refore, ill the Coll...U. clata, channel designation is not uaed but the data is iclentilied by the SWS 
Wcml ... W., the ft:rst two bits (FB) which have been provicled fo:r Word identification withill the sequence; and the 
•...-• ts Wtllldfted by the Least S�Dificant Bite (LSB) of Worcl 184 lyilla in the aequence beinc identified. 

....._ ..,._., ......... 16 U..a per cycle J .. 
l.V W1;1Klll5 • z 

liZ WoaDS 1f4 8 wDS--+ft-8 Wm..tf--56 WORDS �WDS-1 
· - s c E 0 

PLASIIIA IIIAQICl'IUDJ: AID ELEC· 8 u 
E N 

(ftOTONS) CONY. JrROMETEJl PLASMA MAONlTUDE N T CALIB. CALIB (ELECTRONS) I �  -- -- • TEMP. 
Typical Data Wort Cycle • Sequence c-nt Word• 

----�- ---

WoM O to  113 ��· Wo:rd • 184 J. Wo:rd • J85 ,J 
,. ,. z' z' zs 

" " " 
-

�r-

' 

z• 
" 

c.ta 
... 

z' 
X 

'l 

zz z• zo ( 1 
" " " ..... I ' 

_, 
1 

z• z' z' z' zs z" z' zz z• zo z' 28 z"' z' zs z" z' 22 z• 20 
X X X X X X X X X X X X X X X X -

lha Cycle SequCDCe 
2 2 2 2 2 r f-z' :2 z1fz0 � �u 210 29 a 7 �s 4 

Blts Cout Coou1t Blb Cycle Count 

• .... (1 -t�-,;> 
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TABLE 1 3  (CONT. ) 

SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

naa au ------------- -- ------·"1ftu,-------Siiiipli1 
.,..... L!c!ll!!l._. (Fa) SWS Won RUI• s. ... or Accqracr Sampk he 

....... .,..,. 

Dr-1 
Dr·l 
DI'•S 
Dl' ... 
Dl'·l 
DT·6 
Dl'-7 
Dl'-e 
Dl'·· 
Dl'·l· 
Dl'·ll 
Dl'•ll 
DI'•U 
--·· 
Dl'-11 
Dr�16 

...... ¥= ...... ........... .... , 
Sd 1 r ILtof ae laUowe: a ......... la ...... of dw •- or � outpat8 ot tlle 7 Farr.d&y cupa U..S &beD &her• are 7 
_.....,. r ....... e ot doe bldl•w.aal J'ar..S.J cupa. 1'lola "eet o! I le repeated for 14 ciUter .. t •etUnce .,.,. -a.,.er ,._ ..or'-r-
..... .... . ...... . &,e. 1 

..... .... . c.op a - w• l  
PH. �oae . c.op .t . LeY 1 

..... .... . c.op ) . &,ey J  
.... .... - Coop 4 - I.e• 1 

PH. �oae - c..p s - Lew l  
..... .... . c .. 6 - LeY 1 

....._ .... .  c .. 7 - Le• l  
..... .... . ..... . a.- z  

Poe. �oae - c:..p t - a.- z  

.... .... . c:.., z - a.- z  

..._ ..... . c..p J . a.- Z  

.... .... . c., • - a.- z 

.... .... . c:..p s . a.- z  

he. .... • c:..p • - a.- l 
.... .... . c:..p 7 - Lw l  

00 

00 

00 
00 

00 

00 
00 
00 

00 

00 
00 

00 
00 
00 
00 
00 

0 Loa 0. 4 to 6ZOO pA o (Z� + 1pA) 

1 Loa 0. 4 to 6200 pA o(Z'IIo + 1pA) 

z Loa 0. 4 to 6200 pA o (Z� + 1pA) 

, Loa 0. 4 to 6200 pA o(2'11o + 1pA) 

4 Loa 0. 4 to 6200 pA • l2'11o + JpA) 

s Loa 0. 4 to 6200 pA o(2f, • 1pA) 

6 Loa O. 4 to 6ZOO pA o (2\:, + 1pA) 

7 Loa O. 4 to 6200 pA 0(2'11o • 1pA) 

• Loa 0. 4 to 6200 pA 0 (2� + lpA) 

9 Loa 0. 4 to 6200 pA o (Z'IIo + 1pA) 

10 Loa 0. 4 to 6200 pA o (Z'Io + lpA) 

I I  Loa O. 4 to 6200 pA o (2� + 1pA) 

1 Z  Loa 0. 4 to 6200 pA o (2� + 1pA) 

u Loa O. <l to 6200 pA • CZ� + lpA) 

14 Loa 0. 4 to 6200 pA o (2� + 1pA) 

IS Loa o. " to 6zoo pA o (Zfo + 1pA) 

• 
• 
I 
• 
• 

' 
• 
• 
• 
a 
• 

• 
• 
a 
• 

• 

1 / 28. 1 

1/ ZI. 1 

1/ ZB. l 

1 /ZS. I 

lt ZII. I 

1 /ZB. I 

1 /ZB. I 

1/Za. I 

1/ ZS. I· 

1 /21. 1 

1/ZS. I 

1 / ZB. I 

1/ll. l 

I I Z8. I 

1 /ZI. I 

1/ ZB. I 
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- TABLE 1 3 (CONT. ) I 
SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

Flia Bit --------------Bite# Samp1�7 
.....,..,. &ecadaotl.,_ _ !Flit SWS Wonl !alia! S...eor Acc-•cr Sample Sec 

DY-n 

DY-ae 
DY•It 

DY•If 

Dlr-&1. 
DY•U 

DY•IJ 

M-� 

DY·If 

DY-zt 
DY•If 

DY•&e 

DY•Zf • 

DY•JO 

DY·SI 

. DY•Q 

Dlr•" 

DY•M 

Dlr·Jf 

DY•M 

DY·ST 
DY•JO 

DY•Sf 

DY ... 

DY_.I 

DY-41 

Dlr ... 

DY ... 
.,. .. , 
DY-46 
DY-47 
.,. .. 
.,. ... 
.,._,. 
DY•SI 

DY•I& 

Df•U 

.,.,_,. 
Df·" 

Df•M . 

..... .... . ... • l.e.r J  
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Loa 0. 4 to 6100 pA • II ... • 1pA) 

Loa 0. 4 to 6IQO pA • 12" + lpA) 

Loa 0. 4 to 6;:00 pA •IZ ... + I  pAl 
Loa 0. 4 to 6100 pA * (Z ... + lpA) 

Loa 0.4 to 6100 pA • (Z ... + lpA) 

Loa 0. -&  lo 6ZOO pA • IZ ... + lpA) 

Loa 0. 4 to �ZOO pA •CZ ... + lpAJ 

Loa 0. -& 1o 6ZOO pA * (Z ... + lpA) 

..... 0. -& lo 6100 pA •(Z ... + lpA) 

Loa 0. 4 to 62.00 pA •!Z ... + lpA) 

X.O. 0. 4 to 6100 pA * (Z� + lpA) 

Loa O. f<  1o 6Zot' pA *(Z ... + lpA) 

Loa 0. 4 to 6ZOO i'A * 11 ... + lpA) 

...... 0. 4 to 6100 pA ...... + lpA) 

1.Gt 0. 4 to 6ZOO pA * IZ'Io + lpA) 

Loa 0. 4  to 6100 pA • IZ ... + lpA) 

t.o1 o. 4 to uoo pA * rz" + 1pAl 

Loa 0. 4 to  6ZOO pA *IZ ... + 1pA) 

1.Gt 0. 4 to 6100 pA • !Z ... + lpA) 

Loa 0. 4 to 6ZOO pA •(Z ... + lpA) 

. Loa o. 4 to 6aoo pA •IZ� + 1pA) 

Loa 0. 4 to 6ZOO pA •!Z� + lpA) 

Loa 0. 4 to 6ZOO pA •(l ... + lpA) 

Loa 0. 4 lo 6ZOO pA •(1 ... + lpA) 
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Loa 0. 4 lo 6ZOO pA *(3 • l:pA) 

Loa 0. 4 to 6100 :pA •CZ ... + \ oA) 
Loa 0, 4 to  6ZOO pA • 13 + lpA) 

Loa 0. 4 to 6ZDO pA •CZ ... + lp.i\) 

Loa 0. -&  to 6ZDO pA It (Z� + lpA) 

Loa 0, 4 to 6ZDO pA •(1 ... + 'JpA) 
!.-. 0. 4 to 6ZOO pA •IZ ... + lpA) 

Loa 0. -&  to 6ZOO pA *(3 + lpA) 

1.Gt O, f to 6ZOO pA • 12 ... + lpAJ 

Loa 0. 4 to 6ZOO pA • IZ ... + lpA) 

Loa 0. 4 to 6ZOO !'A * 17.')1. + I pAl 

Loa 0. 4 lo 6ZOO pA * (Z')I. + I•·A) 
lAS 0. 4 to 6100 pA * ( .... • lpA) 
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1 / ll. I 
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SOLAR WIND. 

SPECTROMETER (SWS) MEASUREMENTS 

I' 7.t • • ' ' " 

: :{; .)' : 
• � .... ��..;�- � - ' j ·'· -

} .. �. : 1-� -, < ' ' _.'-�-«;;:·:; .:;· ; •• :-::<.� 
·;,:· ""-� 

'1·/S: :.;-���j;�: �0 

�1�1��� : �{/�;f ·:� · . 

FJaa Bit 

� I.Aoc&tioa/!l!ft>e !FBI SWS WorCI lt&nl! S.aeor Acc"racy_ 

DTs57 

DY·SI 
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DY 61 

DT·6Z 

DY-63 

DY-64 

DT-65 

DT-66 

DY-61 

DY-61 

DT-69 

DT-70 

DT·11 
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DY-76 
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DY-11 
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DT·IZ 
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Poo, lou • Sum • 1.eY I 

Poa. lou • C..p \ • \..., e 
Poa. lou • C..p Z - Lev I 
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Poe. lou - C11p 4 • Lev I 

Poe. lou • Cup 5 • Lw I 
Poe • ._. • c:..p 6 • L ... . 

Poe. Jou - Cup 7 - Le¥ 1 

Poe. lou • Sum • 1.eY 9 

Poo. '-- • C11p I • 1.eY 9 

Poe. lou - C..p Z - Le¥ 9 

Poe. 1oM • C..p J - 'Lev 9 

Poe. loa• • C..p 4 • LeY 9 

Poe. '-- • C..p 5 • Le¥ 9 

Poe • .0.. • ..:O.p 6 - Le¥ 9  

Poe. loaa - C..p ? - Lw 9  

Poe. loaa -·s- - Lev 10 
Poo. lou • C..p I • Lev 10 
Poe. '-- - C..p :t - Le¥ 10 

Poe. '-- - C..p , . ..... 1 0 
Poe. ...... • C..p • •  LeY \0 
Poe. ...... . c:..p 5 - ..... 10 

Poe. loaa • C..p 6 - Le¥ 10 
Poe. lou • C..p 7 • L.., 10 

Poe . ...... . ...... . ..... . , 
Poe . ...... - C..p 1 . ..... 1 1 
Poe. loaa · C..p Z " LeY i l 

. Poe. loaa • C11p S - Le¥ 1 l 

Poe. ..... . C..p 4 • Lev I I  
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56 Lo1 0. f to 6200 pA * (Zfo + lpA) 

S? Loa O. 4 to 6ZOO pA * (2" + I pA) 

51 Loa 0. 4 to 6&00 pA * (Z" + I pA) 

59 Lo1 O. f to 6200 pA * (Z'I'e + lpA) 

60 Loe o. 4 to 6100 pA • (2'1'e + lpA) 

61 Lo1 0. f to 6200 pA * (2'1'e + lpA) 

61 Loa O. f to fo200 pA • IZ'I'e + lpA) 

6l Loa 0. f to 6200 pA *(Zfo + lpA) 

6f Loa O. f to 6ZOO pA * (Zfo + lpA) 

65 Loa 0. f to 6ZOO pA * (Z" + lpA) 

66 Loa o. t to 6200 pA • (2" + 1pA) 

6? • · -. Loa O. t to UOO pA •IZfo + lpA) 

61 Lo1 0. f to 6ZOO pA * (Z'I'e + lpA) 

69 Loa O. f to 6200 pA * (Zfo + lpA) 

70 Loa 0. f to 6ZOO pA * (Zfo + lpA) 
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Loa 0. 4 to 6ZOO pA * (Z" + l pA) 

Loa 0. 4 to UOO pA •IZ'I'e + lpA) 

Loa o. 4 to uoo pA . • (2fo + lpA) 

Loe a. 4 to 6ZOO pA *(Z'I'e + lpA) 

Lo1 0. f tn 6ZOO pA * (Zfo + lpA) 

Loa o. 4 to uoo pA • IZ'Io + lp.\) 

Loa 0. f to 6100 pA * (Z'I'e + lpA) 

Loa 0. f to 6200 pA * (2fo + I pA) 

Loa O, f to 6200 pA * (2fo + lpA) 

Lo� 0. 4 k' 6200 pA * (2." ,.. lpA) 

Loa 0. 4 to 6100 pA * IZ'J, + l pA) 

Loa o. t to 6200 pA •czr. + IJOAI 

Lo1 o. t to 6200 p/. * IZ" + lpA) 

Lo1 0. f to 6100 pA * (2" • lpA) 

Loc 0. t to 6&00 pA *(Z'Jo + lpA) 

Loa 0, 4 to 6100 pA *(Zfo + lpA) 

Lo1 a. c to uoo pA •czr. + lpAJ 

1.o1 a. • to •zoo pA .. (z" + lpAJ 

Loa a. f to 6ZOO pA * (Z'I'e + lpA) 

Lo1 0. t to 6ZOO pA 6(2" + lpA) 

Loa O. f to 6ZaO pA * (Zfo + 1pA) 

Loa O. t  to 6200 pA .t (Z .. + lpA) 
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Lo1 0. f to 6l00 pA *(2,_ + lpA) 

Bltol 
Sample 

a 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
e 
• 
I 
• 
• 
• 
• 
• 
• 
II 
• 
• 
I 
., 
• 
• 
• 
• 
• 
• 

....._'6:le '  I I  #XJe't ••·· ...... 

Sa-mplil 
Sec 

1 / ZI. I 

1 / ZI. I 

1 / ZI. I 
1/ za. 1 
1 /28. I 
1 / U. I 

1 (28. I 
1 / 21. 1 

1 / U, I 

1 / ZI. I 

1/28. 1 

1 /28. I 
1/18. 1 

1 1ze. 1 

I/Z8. I 

1 /ZI. I 

1/ZI. I 

1 1 21. I 
I (ZS. I 

1/28, I 
1 /ZI. I 

l/U. I 

1 / 28. I 
1 / 18. 1 

1 /Z8. I 

1 / za. 1 

1/U. I 

1 /ZI. I 
1 /ZI. I 
1 / U. I 
1 /ZI. I 
1 / za. 1 
11 ze. 1 

I /U, 1 

1 / ZI. I 

1 / ZI. I 
lll8. 1 

1 /21. I 
· 1 / Zt. I 

l l .lt. I 

-------

i 
•S e tir'Pnt'-'-� ...... . 1 

Q 

> 
� 
t:l 
·o I 
� 
>-3 I 0 
Vo> 

I. 
r 

f. 

...... 



• 

� , ,�"!;;, • .  �.r.�- :··tM.e;.AA4tvyljjyb9c f'ffl tt¥1 d .  M6W'rlbt"i# "#r'·&fe+th. ,... . * \ ���������Mi�.iMM._� .......... �� .... .-.j��,,�-� .. �� .. .-il��--li--�iiW.i. .. WI� .. · ���· ;-·::� .. ��;z�·,.��,9�»�· ����··���·�ka#M'•t•4•••--\; -- ----------.c- . . ; . ·', r ' 
• ""Skrt+'l·ft· r «t!i. '1'1ri'ittni' btr t &-e·±ifF 1 1' =�:t 0' : ... -- - --·-

0 •. . ' -, ' • • • 
I • , ...... •ikt8n ir#'it'tdc! � • btl' <•ft '--·- ·-· .. __ _ b:)btw:ifrr fi<ke1iRrt · 't' -�t LEI' ·to •- ···- ....... . 

- -�-

r � -

_,f 

�:� 
'"' .. �·- . -;�· 

b1 
• 
.... . ·N 

'!'• .,. ·� ·· 
·:o. ·z· � . ,  

i·'- ­

- �  ,:�- -

4,. 

� ;�-
:> • C. 

·c 

n 

TABLE 1 3  (CONT. ) 

SOLAR WIND SPECTROMET�R (SWS) MEASUREMENTS 

F�� �--- - -- -------- -- Bhe/ 
!• .... .a-atiae/Jtame IFIJ! SWS Word R•ne Sen•or Ac:e•raez: 511!!21• 
8Z-t ..... .... . ..... . '-- lJ 00 ,, Loa 0. 4 to 6ZOO pA 6(2�• + lpA) (! 

DZ•Z .... ,_. . C.p i · LW IJ 00 97 Loa O. 4 to 6ZOO pl. * (Zfo + lpA) I 

DZ·J ..._ r.o- . C.p Z · LW U  00 " J.oa, 0. 4 to 6ZOO pA e(ZIIo + lpA) I 
oz-.1 .... ..... • Cup J • "" IJ oo .. Loa 0. 4 to 6ZOO pA e(Zfo + 'pA) I 

DZ·f .... laee - C.p 4 - ..... IJ 00 100 Loa 0. 4 to 6200 pA �(Zfo + lpA) I 

--· .... ..... . C..p 5 - Le¥ 1J 00 101 Loa O. 4 to 6ZOO pA e(z.,. + lpA) I 

DZ-7 .... ..... . Cup 6 - ._. U  00 102 Loa 0. 4 to 6ZOO pA *(Z.,. + lpA) f) 

DZ-a Poe. r.o- - Coap T · &.- U 00 IOJ Los 0. 4 to 6200 pA *(Zfo + lpA) • 
DZ-9 ..... 1Du - Soom · LW I4 00 104 Loa o. • to 6Z-'O pJ. • cz �  + lpAI I 

DZ-io .... ..... - Cup I ·  ..... . 4 00 10!1 Loa 0.4 to 6ZOO pA ol (Zfo + lpA) • 

DZ·U ·�- ..... - pap z . ...... 14 00 106 Loa O. 4 to 6Z!IO pA * (Z.,. + lpA) I 
D&-tl Foe . ..... . C.p , . ...... 14 00 l OT Loa O. 4 to 6100 pA *(Z'I!t + lpA) ' 
DZ·IJ Poe . ..... . C.p 4 • "" 14 00 101 Los O. 4 to 6ZOO pA A (Z'Io + lpA) I 

DZ-14 .... ,.._ - e.., 5 - ...... 14 00 IO't Loa 0. 4 to ozoo pA e (Zfo + lpA) • 
DZ-15 .... r.o- - C:..p 6 ·  ..... 14 00 l lO Loa 0. 4 to 6ZOO pA e (Z'Jo + lpA) I ' DZ-16 ..._ 1Du - C.p T · ._. l4 00 ; I l l  Loa 0. 4 t o  6zoo pA • cz.,. +'lpAI • 

! . • 
.......... ............. IZI·liJ Loa o. 4 to uoo pA •cz.,. + JpA) I 

ta-l I 

.. .__..l&teol Ia a -•r almUar to a-...,• except that hera th• aet of I l• repeated lor 7 differ- •ettiac• of the 
-apar plata ...ateae. 

oz-n Dec · Soom · L- 1 !1 00 lz.J Loa 0. 4 to 62.00 pA * (Zfo + lpA) I 
D&-11 Dec • C.p I • ._. 15 00 IZ9 Loa O. 4 to 6ZOO pA e (Zfo + lpA) I 
D&-19 Dec - Coap z .  LeY I !I 00 no Loa o. 4 ·to 62oo "" •cz.,. + JpAJ I 

D�ZO D*C - C.p J  • ._. I� 00 U! Loa 0. 4 to 6200 pA e (Z.,. + lpA) • 
DZ•ZI' Jllec - C.p 4 - ._. 1 !1 00 uz Loa 0. 4 to 6ZOO pA 6(Zfo + lpA) I 

DZ:·u Dec - C.p 5 • .&.- 15 00 l JJ Loa 0. 4 to 6200 pA * (Zfo + lpA) • 
DZ·.Z;\ . �- - c..p 6 . ..... 1S 00 134 Loa O. 4 to 6ZOO pA A (Zfo + lpA) I 
DZ�z.t' ... - C.p 1 - ...... 1!1 00 U!l Loa o. t to uoo pA •cz.,. + I  pAl • 
DZ'"'Z!I' l!1ec - ..... . "" 1 6  00 IU Loa 0. 4 to 6ZOO pA * (Zfo to lpA) • 
DZ'-� a ... - c;..., l · "" "  00 I J1 Loa 0. 4 to 6ZOO pA * (Z'Jf, + JpA) • 
D:t-27 Elec • Cup z . ...... 16 00 U& Loa 0. 4 to 62.00 pA •(t'l!t + lpAI I 
.DZ-U Jllec - C..p J • ._. 1 6  00 139 Loa 0. 4 to 6ZOO pA *(Zfo + JpA) • 
DZ·Z9 Dec - C.p 4 · Lev  16 00 140 Loa 0. 4 to 6ZDO pA e (Zfo + I pAl I 
DZ-JO Zlec • Coap !l - ._. 16 00 141 Loa o. 4 to 6zoo pA •cz.,. + JpAJ • 
DZ·JI Dec - C.p 6 - ..... 16 00 14Z Loa 0. 4 to 6200 pA * (Zfo + lpA) I 

DZ·JZ Dec · C.p 7 · ._. 16 00 14J Z.O, 0. 4 to 6ZOO pA *(Zfo + lpA) • 

...... llZ to JU are -p-rlfta data COft .... later ln ta'ltle. 
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M•SJ J:Lec . - . ... ,. 17 00 '•4 .... 0.� oo •zO!I pA e(Zfo • lpAJ I 1/U. I 

DZ·J4 Elec . c,. I • &.ow 11 00 ItS  Lo1 0.4 lo 6100 pA *IZfo • lpAJ I flU. I 

DZ·JS J:L�c • c,. z .  &.ow 17 00 IU l.tOt 0,4 "" 6- pA e(Zfo + lpAJ I 1/ 1.1. 1 

DZ·M Elec • c .. J • ... ,. 11 00 147 Lo& 0.4 lo UOO pA o(Zfo + LIOAI I 1/ ZI. I 
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m-s� 
m-N 

D&-57 
II&•H 
II&·,. 
11&-40 
ac-u 
-­
... ., 
...... 

.... 
__ ,. 
.... , 
-­
..... 
... .,. 
DZ•11 

II&•\'& 

E�ec - c,. s - "" 17 

Elec - c,. 6 • """ 17 

Elec • C,. 1 • ""·IT 

E1ooc • - • t.o• Ll 
Elec · C· I ·  L- 11 

Ehc • e,. z • a.- 11 

Elec • c,. J • Low II 

E1ec • c.p4 • &;o.. II 

Elec • C,. ! • Low II 

Elec • C,. 6 • LoY II 

Eloc • c,. 1 • """ .11 

Elec - - - """ It 
;:-,.., - C.. I .  &.ow 19 
Elce • c,. l • &.ow It 
J:lec . C  .. J • &.ow lt 
- - c,. • - """ .� 
Elec . c,. �  • 1.teY It 
IEIM • C,. 6  • &;o.. It 
-· • c:,. 1 • """ ., 

-.. . - . &;o,. IO  
Elec • C,. I • &.ow lO  

Elec • c,. Z • a.- zo 
Elec - Oop , • """ zo 
Doe • c,. • •  """' 10 
a .. . c,. s - a.- zo 

Elec • C,. 6 • Lo• ZD 

Elec . ,::,. 7 . �;ow ZO  

Elec . - • &.ow Zl 
E1ec • c.., I • "-" U 
J:�ec - c:,.. z - a.o  .. u 
Doc • C,. J • l.:o• Zl 

lhec - C.., 4 • a.- lt 

Elec • C,. S • Low Zl 
Elec • c.., 6 • Low Zl 

-..· . c.., 1 • """ u 

00 
00 

00 

00 .  

00 

" 

00 

00 

oo ·  

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

149 

no 
Ul 

151 

I)J 

IJ4 

' "  

156 

I� 

IN 
Ut 

160 

161 

16Z 

16S 
IM 

165 

166 

167 

, .. 

'" 

no 

171 

l'n 
17S 

174 

l7S 

.,, 

tn 

17t 

'" 
110 
!II 

liZ 

IIJ 

""' o. 4 10 6100 pl. •• � • I pAl 

'-"1 0.4 10 6ZOO pA *IZfo + lpA) 

Loa 0.4 "" UOO pA * lit. + LpA) 

...... 6 .. uoo pA ··"" • lpA) 

""' o  . . .. 610!1 pA ··� . I pAl 

l.:ol 0. 4 to 6ZOO pA e(Zt. + lpA) 

...... 0,4 to ·- pA ··� • lpAl 

...... 0.4 •• uoo pA "'"" • lpAJ 

Loa 0.4 to 6100 pA *13 + lpAI 

""' 0. 4  to 6100 pA "'"" . lpA) 

Lo1 o. 4 to 6ZOO pA e(Zfo + I pAl 

Loog0.4 '"' uoo pA "'"" • lpA) 
...... 0.4 10 ·- pA '"'"" . '""' 

Loa 0. • to 6ZOO pA ot(Zfo + lpAJ 

Loc 0.4 "' uoo pA •13 + lpAI 

1.:oe 0.4 10 UOO pA •cZfo + lpAI 

Loe o.t .. 6zoo pA '"'"" + tpAI 

'-"1 0.4 te uoo pA *13 • lpAI 

""' 0.4 .. ozoo pA ·· � . lpAJ 

Loc00.4 .. 6ZOO pA •13 + lpA) 
'-"1 0.4 te 6ZO!I pA * 1111 + lpAJ 

.... , 0.4 to 6100 pA •13 • lpA) 

Lo& 0.4 lo 6ZOO pA e(Zfo + lpAJ 

""' 0.4 •• 6zoo pA ··"" • lpAJ 

Lot 0.4 to ._  pA *I"" + lpAI 

'-"1 0.4 to ._  pA ot(Zfo + lpAI. 
t.o1 o.4 to 6zoo "" "''"" • tpA) 

t.o1 0.4 to 6zoo pA '"'"" + lpAI 

Loc 0.4 to 6ZOO pA ot(� + lpAJ 

'-"1 0.4 lo 6ZOO pA •II'!'. + lpA) 

'-"1 0,4 "' 6ZOO pA Oo(Zfo + lpAI 
Lol 0,4 .. uoo pA ··� . lpA) 

l.:ol 0, 4 lo 6ZOO pA *(Zfo + lpAJ 

'-"1 0,4 :o 6ZOO pA o(Zfo + lpA) 

Loa 0, 4 le 6ZGO pA ot(� + lp.'l 

• 

• 
• 
• 

I 

I 

• 

• 

• 
• 
• 

. .  
• 

I 

• 
• 
• 
• 
• 
I 

• 
• 
• 
I 
• 
• 
• 

1/211. 1 

1/ ZI. I 

J i ll. I 

JIU I 

1/U I 

II� I 

�� � ·  

1/U l 

1/ � 1  

1/ � 1  

1/ U I  

1/ U l  

" � ' 

1/ U I  

1/ZI. I 

1/U J 

1/ U I  

1/U l 

1/ U I  

JI U I  

�� � ·  

1/U l 

1/� 1 

��� · 
1/ U l  

�� � ·  

II� I 

1/ U I  

" � '  

1 / U l 

1/U I 

1/� 1 

1/U I  

" � '  

1/U I 

> r­tf) M 'tl 
I 

� 
1-:i I 
0 
....., 
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I • l ! 
l 
i 
j ' 

' I I .l ll 
" i 
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TABLE 1 3  (CONT. ) 

SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

. Fla1 Bit 
------------- ---- -s-en!IOr --- -8�----Samp.le/ s,a.lool Loc&tiOD/_Name __ ._ _FB SWS Word LS�-- --�n1e _ __ Aec:uracy_ Sample Sec 

�-ri .. Data 

............. c:-ce .. 

DW�l I blc per eequeace 

DW·Z I We per Z56 oequenceo 

10 114 

10 1 85 

· #olD �I' Callbratioa, Repeated Ewery Other SWS Sequence 

'*-• ,_ * 2ft 01 1 12 .  1 1 7  

DW-4 90my *Zft 01 1 U 

DW·ll 'IOCIIIIY *2ft 0 1  1 14 .  1 1 8  

DW-6 :JOIIOnw e Zf,  01 1 15 

DW·T 90CJCimy eZft 01 116, 1 1 9  

DW·ll ' T....,.nture Mod 100 01 112. 
DW·SI Tempentm:e Mod 2.00 01 1 1 3 

DW•lJ T-.enture Mod 300 01 1 14 

DW•l4 Tempentui'O s.-or·C• A••- 0 1  1 1 5  

DW·IS s- Aftlle S...aor 0 1  1 16 

.,... ... Prosrammer Voltap 0 1  1 17 

Dw·IT Step G-menoor Vo1tap 0 1  u a 

DW-Ia Mo..,..lioa MonUor 0 1  1 19 

�- Calibrace, Repeate<l Ew�,. J'OIU'th SWS Sequnce 

DW·l9 0 AIDpe:re 01 1 2.0  

tnr-:ae 0 Ampere c,. l 01 Ul 

lni'.Zl 0 Aalpei'O c., z 01 U2. 

, . 
,., 

All 0 · 255 a . 035 

All 0·2.55 a • 035 

0 (loll 0. 6 to 10, 000 mV e 2.5� • 0 . 0 1 8  

0. (101) 0. 6 co 10, 000 mV ! s. s'l' • o. O l a  

0 (log) 0. � to 10, 000 mV ! z. u . a 0. 0 1 8  

0 (1ol) 0._6 to 10, 000 mV .! z. 1 � 11 0. 0 1 8  - ----
0 (1ol) 0. 6 to 10, 000 mV ! 2.. 1 .,.  a 0. 0 1 8  

1 • 50 to +1S0°C e s0c • o. 0 1 8  

1 •50 to +150°C e s0c • 0. 0 1 8  

1 •SO to +150°C e5°
C • 0. 0 1 8  

1 � 1 85 to +IS0°C e 1o0c 8 0. 0 1 8  

I One Value 8 o. 0 1 8  

1 0 to 9V S'Jo • 0 . � ! 8  

1 0 tC> IJV 5'Jo • 0. 0 1 8  

1 2.36 t 4 (OCT) e3 counto • o. 0 1 8  

GO (1ol) 0. • to 62.00 pA e(K + 1pAI • . noaa 

00 (los) 0. • to 6200 pA e ( 2., • 1pA) • • 0088 

. 00 (1ol) 0. 4 to 6200 pA *(2'!. + 1pA) • • 0088 

� "' ���'r \� 

> 
� 
t:: 
'V I 
� 
1-:3 
I 

0 
!,;) 

! i' � .1 � 

I 
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TABLE 1_3 (CONT. ) 
SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

se1oo1 l.cution/Mame 

.EaJi-rifttl Data (Ccmt. ) 

Dlf·U · 
DW•ZJ 

DW-24 
DW-25 

DW·Z6 

DW•27 
DW·ZI 

DW·zt 

ow-so 
DW·ll 
DW•JZ 

ow-ss 

DW•H 
DW-35 
DW·J6 

DW•S7 
DW·JI 

DW·st 
DW-40 
DW•4l 

DW-41 
DW-4S 
DW-44 
DW-45 

DW-46 
DW-47 

DW-41 

DW-49 
DW·SO 

C•rret>t CaUbrate jCcmt. ) 

o· Ampere Cup 3 
0 Ampere Cup 4 
0 Ampere Cup 5 
0 Ampere Cup 6 

0 Ampere Cup 'I 
7x5, 7f•xl0"12 

Ampere 

5. 76oclo"12 
Ampere Cup I 

5. 76xto"12 
Ampere c .. p 2 

5. 76alo"U Ampere Cup 1 
s. 76oclo·IZ 

Ampere Cup 4 
5. 76oclo·IZ 

Ampere Cup 5 
5. 76alo"1 2  

Ampere Cup 6 

5. 76alo"12 
Ampere Cup 7 

7x5. 761l10 ·II Ampe�e 

5. 76ocl0 •1 1  Ampere C:up I -u . 
5. 76ocl0 Ampere C"p 2 
!1. 76ocl0"1 1  

Ampere Cup 3 - ·11 5,  76x10 Ampere Cup 4 
s. 761!10 -n Ampe�• c..; s 
s. 76odo"1 1  

Ampere Cup 6 
5. 76oc10 ·ll Ampe�e Cup 7 
7x5. 76do"9 Ampere 

!1, 76oc1o"9 Ampere Cup 1 
5. 76><1o"9 Ampere Cup 2 
5. 76octo"9 Ampere Cup 3 
5. 76octo"9 Ampere Cup 4 
s. 76alo"9 Ampere Cup 5 
S. 76ocl0 "9 Ampere Cup 6 

s. 76x1o"9 Ampere Cup 7 

naJ.:'t 
SWS Word LSI5 

01 1 · 3 00 
01 1Z4 00 

01 us 00 
01 1 26 00 
0 1  ll't 0 0  

0 1  120 01 
01 121 01 
01 lZZ 01 
0 1  I Z3 01 

01 124 Ol 
01 125 01 
01 126 01 
01 127 01 
01 120 10 
01 121 10 
01 122 10 
01 123 10 
01 124 10 
01 IZS 10 
01 1 Z6 10 
01 127 10 
01 lZO 1 1 
01 121 1 1  
0 1  122 1 1  
01 U3 II 
01 12.4 1 1  
01 12.5 I I  
01 126 I I  

01 127 I I  

R&al* 

(loa) o. • to 6200 pA 

(lOll 0. 4 to 6200 FA 

!loa! o. 4 to 6200 pA 

(lol) 0. 4 II> 6200 pA 

(los) o. 4 to f>lOO pA 

(101) 0, 4 to 6200 pA 

(!oil) 0, 4 to 6200 pA 

(los) O. 4 to 6ZOO pA 

(Los) o. 4 to 6200 pA 

(lol) (', 4 to UOO pA 

(lol) 0, 4 to 6ZOO pA 
( lol) 0, 4 to 6200 pA 

(101) o • •  to uoo pA 
(lOll 0. 4 to 6200 pA 

(lo11 0. 4 to 6200 pA 

( Lo11 \1, 4 to 6ZOO pA 

(101) o. 4 to 6100 pA 

(loa) o. 4 to 6200 pA 
( Loa) o. 4 to 6200 pA 
(loa) 0, 4 to 6ZOO pA 

(lo11 0. 4 to UOO pA 
( lol) 0. 4 to ltZC.) pA 

( lo11 0. 4 to 6200 pA 

(loll 0. 4 to 6Zt10 pA 

(lol) 0. 4 to 6200 pA 

(101) O. 4 to 6ZOO pA 

(lol) 0. 4 to 6ZOO pA 

(lor) 0. 4 to 6ZOO pA 

(loa) o. 4 to 6l:OO pA 

Sen.....-r- - - Bffi/'-- ---Sa.mjilil' 
Accuracl Sam.,le See 

to(l'l'o + I pA) I . 0?81 

e( Z'I'o + 1 pAl a . 0088 

e(Z'J. + I  pAl • 0088 

e(Z'I'o + 1 pAl a . 0088 

*l l'l'o + I pA) 8 . 008& 

e ), l'1t a . 0088 

U,'l'o • . oo u  

U . 'l'o  a • 0088 

U.'l'o 8 . oou 

u . .,. 8 . ;)088 

"· " a . 0088 

13. "' • . 0088 

13 • .,. a . 0088 

z. ,., • . 0088 

3. Z'l'o • • 008& 

), ZIJ. • . 0088 

), ZIJ. • . ('088 

3, 2'fe • . 0088 

), 29. I . ooo.a 
3. 29. I . 0088 

3. z� 8 • ooaa 

Saturated a • 0088 

z. z.,. 8 . 0088 

z. 29. • . 0088 

2. 2'fe 8 . 00l'8 

z. z.,. 8 • 008� 

z. '" a • 0088 

z. Z'fe • • 0088 

z. z.,. • . 0088 

> 
b; 
i:::l '"t':l I 
a:: 
t-3 
I 

0 
IJ.l 

t�' 
� " . .  ! � � � 

t � J 
' � r' � 
II n 
H ' 1  \l 

-
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SOLAR WIND SPECTROMETER (SWS) MEASUREMENTS 

.,..... �� 
.... •ns DID 1c... 1 

DC Hish Volt&!'� 
DW-51 �. ,. ,_, 
DW'·A �· �� 
DV·5:S �· •:s 
DW-M � .. 
Dw-H �1 15 
DW-56 �· " 
DW-57 Lnel ,., 
DW-sr � II 

DW'·M � "  
DW-60 �I flO 
DW-61 1..-.1 Ill 
DW-6Z Loowel fl2 
.,.._., ...... .. , 
.,., .... �· ��· 

r&a1 at 
-�- FB �  __ SYS Won. 1,5�- - - - � 

Repeated Onc e Every 1 6  SWS Sequenc es 
·� 0 
Ol I 

OJ 16 
01 Z4 
Pl JZ 

01 40 
Ol ... 
01 56 
01 ... 
OJ n 
OJ .. 
01 .. 
01 " 
01 lOt 

1110 
1110 
1110 
1110 
1 1 10 
1110 
1110 
IUO 
1110 
U IO 
1110 
1110 
1110 
JUO 

-o to IZOOV (Joa) 
-o to IZOOV lloal 
-o to IZOOV (Joa) 

-o to IZOOV (loa) 
-o to IZOOV (loa) 

"""•to IZOOV (Joal 

-o to IZOOV (loa) 

-o to IZOOV (loa) 

-o to IZOOV (loll 
-o to IZOOV (loa) 

-o to IZOOV (loa) 

-o to IZOOV (loll 
-o to IZOOV Clot) 
-o to IZOOV (Joa) 

DW-65 Level #1 5 (Electron)01 121 1110 -o to IZOOV (Joa) 
DW-'6 Level # 1 6  
DW-67 Level #17 
DW-61 Level #1 8 
.,....., Level #1 9 
DW-70 Level #ZO .,.,_.,. 

Level #Z l 
AC Hish Vol�ge, 

Jnr-'IZ Lnel II (P.-) 
.,.,_, � ·� 
.,.,_,... Lne! U  
DW•75 ........ ... 
DW-76 &.nel IS 
DW-n �· " 
DW-71 a.-l t'f 
.,.,_.,. � .. 
DW-11 Lnel "  
DW-el � 110 

., 

01 .,, 
01 1 .... 
01 152 
':II 160 
01 161 
01 1'76 

1110 
1110 
1110 
1110 
1110 
1110 

-o to uoov (Joal 

-o to IZOOV (loa) 
-o to IZOOV (loa) 

-o to IZOOV lloal 
-o to IZOOV (loa) 
-o to uoov (Joa) 

Repeated Onc e Every 1 6  SWS Sequenc es 
OJ  0 
01 • 
01 16 
01 H 
Ol 31 
01 40 
01 41 
OJ 56 
01 "' 
01 '7Z 

Ull 
lUI 
lUI 

1 111 
1111  
1111 
1111  
1111  
1 111 
1111 

-o to 1500V (Joa) 

-o to 15GOV (Joa) 
-o to 1500V Cloal 
-o to l500V (loa) 

-o to 1500V lloal 
-o to l500V (loll 
-o to 1500V (Joa) 

-o to tsoov (Joal 
-o to ISOOV (loa) 
-o to 1500V (Joa) 

Siiiioir-- --.nil - ·-Siilijr.T 
Accvacr ____ Samploo Sec 

Z..K I . oou 

2. 5  I . oou 

2.4 • . oou 

2. )  • . oou 

Z. S • . oozz 
Z. 2  • . 0022 

2. 2 • . oozz 

Z. 1 • . OO lZ 

Z. l  • . 0022 
&. I • . oou 

&. I • . oozz 

Z. l  • . oozz 
&. 1  • . oozz 
Z. J  • . oozz 

l. � • . co.tz 
2.4 I . CIOU 

2. 2 • . oou 

z. z • . oou 

Z. l  I . oou 

Z. l • . oou 

Z. l • . 0022 

'·� • . oou 

.. , • . oou 

l. O • . oozz 

2. 6 • . oozz 

2.4 • . oou 

2. )  I . oozz 

2. 2 • . oou 
z. z • . oou 

z. a • . oozz 

Z. l • . oo�z 

- ""' (."''\ �.. ;I 

> 
t; tz::l "'0 I 

� 
>-3 
I 

0 
UJ 

I 

I 

I I I ! 
I 

\ 
A ' il 
'i � 

-
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TABLE 1 3  (CONT. ) 

SOLAR WIND SPECTROMETER (SWS) MEASUREMENT� 

1'1&1 Bit SiiiiOi --- Bita{ $&11iple/ 
�- ���- _I'B__ �ws '4!t»rd JAB aaaae. _ __Accuracy Samplt Sec 

� ---
DW-1& '--1 111 01 eo 1 1 1 1  •o to ISOOV 2. 1� ' . oou 
.. ..., '--l lll 01 .. l l l l  -o to asoov 2. 1 • . oou 
..... "'--' liS 01 96 l U l  -o to l500Y 2. 1 • . oou 
DW-11 '--1 114 OJ L� l UI -o to uoov 2. 1 • . 0022 

.... Level #1 5 (Electron)01 121 l U I  -o to nov 2. � • . oozz 
DW-et Level #16 01 . ,, l U I  -o to 3sov 2. 4 I • oou 
DW-· Level #17 01 144 1 1 1 1  -o to ssov z. ) I . oou 
DW·It Level #1 8 01 152 lUI -o to ssov z. z I . oozz 
DW-fO Leve1 11 1 9  Dl .160 1111  -o to ssov z. � • . oou 
..... 

Level #20 
01 161 1 1 1 1  -o to JSOV Z. l I • DOZZ 

DW .. I 01 176 1 1 1 1  -o to J50V 2. 1 I . oou 
Level 1121 

> 
F;; 
M' 
"d 
I 

� 
1-j I 
0 I..N 

i 
I 

I -I 
i l j 

j I 
1 
1 
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Of 
I 

... 
• 01:1 

, 

n. 

.._ ...... _'-

s ........ _e. 

DG• I lhlttplner State 

DG•J A"*-tlc Zero State 

DG-J Calibrate State 

DG-t R� Wor4 m 

DG-5 . ....... ..... . 

D0-6 .... 
D0-7 Gup Oatpat  

-....-e. -�----
DO-a O...• T_,.na.re , . 
D0-9 Electnldc• P�e T-pencan 
J)Oo.le •. s x ..a ...-tor 
oa-u +15 -ate 
DG-11 .. , .... 

DO-IS -·· ---

!•lr O!lp!t! 

AG-1 0..,. 0..,. 
JIG-I a..p .... 

' 

TABLE 1 4  

COLD CATHODE GAUGE EXPER!ME NT (MSC) 

CCGE ALSEP 
Word Word a 
AU I S, 3 1 , 47 

bite 1 0, 9  56, 63 

I I S  

bit a 

1 I S  

!lit ? 

1 l S  
btte 6 . 5  

I 1 5  

bit 4 
J 1 5  Mta J, Z, 1 

: 
z 31 

3 .. ., . 
4 56 

s 63 

s 63 

5 63 

5 63 

NA lS(c�aaJoae� 10) 

NA ss(chaa.'lel a!9 

ALSEP Sene or 
F!'ame Ran e 

AU 0-l NA 

All "0" - Operate NA 
"1"  - Zeroin1 

AU "0�' • Operate NA 
" 1 "  - Calibrate 

AU 0 - DO• J O  NA 
1 • DO• l l  
z - oo- a z  

3 - D0-13 

AU 1 1 } 1 1  - Automatic NA 
1 1 0 1 1  - Mallual 

AU 10·6 - 1 0- lZ tor:r NA 
ba 7 etepe 

AU o-z5s • SOfo 

All 

AU 

DG- 4  = 0 

DG- 4  = 1 

DCi-4 = z 

DG- 4  = 3 

o-sv 

o-sv 

� 

Bit/ Sample/ 
le Sec:. 

z 8 . 3 

I 1. 66 

I 1. 66 

z 1. 66 

1 1. 66 

1. 66 

a 1. 66 

8 1. 66 

8 J. 6(. 

8 . 41 5  

8 . 41 5  

a • f1 5 

a . 41 5  

• . 0185 

a . 0185 

Sample/ 
Frame 

5 

1 

1 

1 

1 

1 

. z s 

. zs 

. z s 

. zs 

1 /90 

1 /90 
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0 
Vol 
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t 1 i � 
! t l � 
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TABLE 1 4  ( CONT. ) 

COLD CATHODE GAUGE EXPERIMENT (MSC) 

Flipt 3 Only 

. The CCGE (MSC) interface i s  designE!d to replac� the SIDE /CCGE without change to the 
'
ALSEP system . The experiment .us e s  ALSEP words 1 5, 3 1 ,  47 , 56 , ·  and 63 .  The first CCGE 
(MSC) word contains six experiment state indications ; tr.e se cond CCGE (MSC) words , the cold 
cathode gauge output; the third, the gauge temperature ; the fourth , the CCGE electronics tem­
perature, and the fifth is a s ubcommutated housekeeping enginee ring data word. The basic 
format is · shown below: 

CCGBIMIC .ALS£P 
.... ...... 

1 15 

z Jl 

3 47 

• 56 

' 63 

. . ..... 

.-. - ..... ..... lllaD · .........,... m 

. z' z• zT z' 

•• •z a, RM 

X· X X X 

X X X X 

X X X X 

X X X X 

CAL • C&Ubratl- State 
Zero • A-atic Zero State 
ID - M\&ltiplexer State 

I z5 z" z' az zl zo 
i HKID HKID CAL Zel'o ' ID ID I j 1 1 

I X X X X o ·  0 
l 

I X X X X 0 1 

I X X I X X 1 0 
.. 

X X X X 1 1 

Gauge output (word Z), in CAL mode. i s  PCM c ount (decimal) in range 96 - 1 60. 
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Remal'b 

Identl!icattou 
Infonnation 

a ..... 
Out!Nt -
c ... ,. 
Temperature 

Electron,c:e Pac:kaa• 
Tempei',.:Ure 

HO"n ek•epl.na 
EncU..erl"' Data ! 
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