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INT RODUCT ION 

The Apollo 16 Lun a r  Surfa c e  Expe riments Package (ALSEP) will be used to 
continue long-te rm scientific me asu rements of va rious physical and envi ron
mental p rope rties of the Moon consist ent with the s cientific obje ctives of the 
Apollo P rog r am. The m e asu rement dat a will b e  analyzed in conjun ction with 
that obt ain e d  f rom the Apollo 12, 14, and 15 ALSEP syst e ms al r e ady deployed 
on the lun a r  su rfac e .  

The Apollo 12, 14, and 15 ALSEP systems a r e  desc ribed in the ALSEP Flight 
Syst em F amiliarization Manual, ALSEP-MT-03. 

The purpose of this Apollo 16 ALSEP, A r r ay D Flight Syst em F amiliarization 
Manual is to familiarize the r eade r  with the s cientific obje ctive s Of ALSEP, 
equipment make-up, syste m  deployment, and ope ration . This manual desc rib e s  
the Apollo 16 ALSEP mission and syst em in Se ction I ,  subsystems in Se ction II , 
maintenan c e  in Se ction III, and ope r ations in Se ction IV. Suppl ementary 
command and m e asurement dat a are p rovide d  in the App endi c e s .  A b rief ac count 
of the op e r ation al expe rien c e  of the E a rly Apollo S cientific Expe riments Package 
(EASEP) of Apollo 11, and the ALSEP syst ems of Apollo 1 2  and 14 is in cluded in 
Se ction I. 

The info rmation contain e d  in thi s Apollo 1 6  ALSEP, A r ray D Fl ight System 
F amilia rization Manual include s fo rmalized dat a r el e a s ed and availabl e p rio r 
to the publication date, 15 July 1971. 
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SECTION I 

ALSEP MISSION DESCRIPTION 

l -1.  ALSEP MISSION INTRODUC TION 

The Apollo Lunar Surface Experiments Packag e  (ALS EP) is a group of scientific 
experiment and support sub sy stems which will be deployed on the surface of the 
Moon by the Apollo 1 6  crewmen. The ALS EP will mea sure lunar physical and en
vironmental characteristics and transmit the data to receiving s tations on Earth . 
This  data will be used to derive information on the composition aU:d structure of 
the lunar body, magnetic field, atmo sphere, and the solar wind . 

1 - 2 .  ALSEP MISSION PROFILE 

The ALSEP will be transported from Earth to th� Moon in the Apollo 1 6 spacecraft 
manned by three crewmen. The Apollo spacecraft consists  of three basic mod
ules ;  the s ervice module (SM), command module ( C M), and lunar module (LM) . 
T he A LSEP subpackag e s  will be mounted in the scientific equipment (SEQ) bay of 
the LM, and the fuel ca sk will be mounted adjacent to the SEQ bay on the exterior 
of the LM as shown in Figure 1 - l. 

A Saturn V launch vehicle will place the Apollo 1 6 spacecraft in lunar orbit. Two 
crewmen will transfer from the C M  to the LM for lunar de scent. The third crew
man will maintain the command and s ervice module combination ( CSM) in lunar 
orbit . The LM will be s eparated from the CSM and be piloted to the lunar landing 
s ite in the vicinity of the crater De scartes. 

After landing, the crewmen will extract the ALSEP from the LM, deploy the in
struments and subsystems,  and activate the power sub system. They will then 
verify with MSFN that the receiving, proce s sing, and power supply sub systems 
are operable . 

The LM will be launched from the lunar surface to rendezvous with the CSM in 
lunar orbit . The two crewmen will transfer from the LM to the CSM, jettis on the 
LM in lunar orbit, and initiat e the CSM trans Earth maneuver. The SM will be 
jettis oned b efore re-entry, and the three crewmen will reenter the Earth atmos
phere and land in the CM. 

T he A LS EP, on the lunar surface, is controlled by ground command from the 
manned space flight network ( MSFN) . C ommands from Earth and internally g ene
rated commands will direct ALS EP operation. 

1-1 
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l- 3. ALSEP MISSION OBJECTIVES 

Major objective s  of lunar exploration include determination of: 

a .  The structure and state o f  the lunar interior 
b. The c ompo s ition and s tructure of the lunar surface and modifying proce s s e s  
c .  The evolutionary sequence o f  eve nts  leading t o  the pre sent lunar configura

tion. 

To accomplish partial attainment of the s e  objectives the Apollo 16 ALSEP includes  
four experiments to  measure a numb er of geophysical characteristic s .  The vari
ous physical and environmental properties  to be mea sured, applicable experiment, 
and method of measurement are listed in Table 1-l . 

Table l -1 .  Apollo 1 6  ALSEP Scientific Objec tive s  

Mea surement Objec tive Experiment/Measurement Method 

Natural s eismology (meteoroid impacts 
and moonquakes ) .  Propertie s of lunar 
interior (existenc e of core, mantl e ) .  

Physical propertie s of lunar materials 
at shallow depth s ( elastic propertie s  of 
lunar near- surfac e  materials ) . 

Magnetic field and its temporal variations 
at the lunar surfac e .  

Rate of heat flow through lunar surfa c e  
that together with information from other 
sourc es ,  will refine hypothe s e s  con
c erning: 

a. the physical and chemic al compo
sition of the lunar surface 

b.  the thermal distribution of the Moon 
c .  the radioactivity of mate rial a t  vari

ous lunar depths, and 
d. the thermal his tory of the Moon. 

l-2 

Pa s sive Seismic Experiment - U s e s  
three  long period s ensors in a n  orth
ogonal arrangement and one vertical 
short period s ensor. 

Active Seismic Experiment - Us e s  
artificial s eismic energy sourc e s  
(grenade launcher a s s embly and 
thumper devic e) and detection equip
ment (geophone s and amplifiers).  

Lunar Surfac e  Magnetometer Experi 
ment - Us e s  tri-axis flux- gate mag
netometer instrument .  Three booms 
each with flux-gate s ensors,  are 
s eparated to form a rectangular 
coordinate system and gimballed to 
allow alignment in parallel or ortho
gonal configurations .  

Heat Flow Experiment - Us e s  two 
heat flow probe a s s emblie s ,  em
pla c ed in lunar crust .  Probe s c on
tain temperature s ensors and heating 
elements . 
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1-4. ALSEP SYSTEM DESCRIPTION 

Th e ALSEP is a s elf-contained package of scientific instruments and supporting 
subsystems designed to acquire lunar physical and environmental data and trans
mit the information to Earth. The ALSEP is deployed on the lunar surface by the 
Apollo crewmen a s  described in Section IV of this manual. 

1-5. ALSEP PHYSICAL DESCRIPTION 

The Apollo 1 6  ALSEP is compris ed of the following sub sy stems: 

a. Structure/thermal subsystem 
b. Electrical power sub s ys tem 
c. D ata subsystem 
d. Four experiment subsystems: 

1. Pas s ive Seismic ( PSE) 
2 .  Active Seismic (ASE) 
3. Lunar Surface Magnetometer (LSM) 
4. Heat Flow ( HFE). 

The experiment and support sub sy stems of the ALSEP system are mounted in two 
subpackage s  a s  shown in Figure 1 - 1  for storage and transportation in the LM. The 
fuel cask (part of the electrical power sub system) is attached to th e exterior of the 
LM. 

Subpackage No. 1 is  compris ed of the central station ( data subsystem� power con
ditioning unit, and experiment electronics ) , the antenna, the pa s sive s ei s mic 
( PSE) ,  active s eismic (ASE), and magnetometer (LSM ) experiments  a s  shown in 
Figure l-2. Subpackage No. 2 is  compris ed of the radioisotope thermoelectric 
generator (R TG ), heat flow experiment (HFE),  mortar package pallet, antenna 
aiming mechanism, handling tools ,  and th e antenna ma st  a s  shown in Figure 1-3. 
The Apollo 1 6  ALSEP package s ,  including fuel cap sule and ca sk, weigh approxi
mately 300 pounds and, excluding the fuel cap sule and ca sk, occupy approximately 
1 5  cubic feet. 

l - 6. ALSEP F UNCTIONAL DESCRIPTION 

The ALSEP objective of obtaining lunar physical and environmental data is accom
plished through employment of the various experiment combinations ,  the support
ing subsystems, and the manned space flight network ( MSFN). 

The MSFN stations , such as thos e at Goldstone ,  California, Carnarvon and 
Canberra Australia, Ascension Is land, Hawaii, Guam, Madrid Spain, and KSC 
Florida, are the Earth terminals  for ALSEP communications. Data is  recorded 

1 - 4 
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at the Earth terminals and r elayed to Mi s s ion Contr ol Center (MCC) at MSC in 
near r eal time . C ommunications c ons is t  of an uplink ( Earth to  Moon) for c om
mand tran s mi s s ions to c ontr ol the A LSEP functions ,  and a downlink (Moon to  
Earth) for transmi s s ion of s cientific  experiment and engineer ing hous ekeeping 
data . The MSFN s tations will r ecord all downlink data in r eal time . 

The downlink telemetr y of  each of the A LSEP s ystems will operate at a different 
a s signed fr equenc y within the S - band. The Apollo 16 A LS EP downlink telemet r y  
fr equenc y  i s  2276  MHz . The uplink fr equency for all s ystems i s  2119 MHz . The 
c ommand for mat addr e s s e s each A LS EP specifically, precluding i nadvertent ac 
t ivation of  the other s ystems . 

The functional oper ation of A LS EP is  illu·strated in Figur e 1-4. The following 
paragraphs de scr ib e  the function, on a s ystem level,  of the A LSEP sub s ystems . 

1 - 7 . Structur e/Ther mal Sub s ys tem. The s tructur e/thermal sub s ystem provides  
s tructural integrity and thermal i s olation of the A LSEP equipme nt and LM in  
transport and in the lunar environment ( - 3 00 ° F to  +2 5 0 °F ) .  Thi s includes  pack
aging, structural support,  and i s olation fr orp heat, c old, s hock, and vibrat ion . 

1 - 8 .  Electrical Power Sub s ystem. The electr ical power sub s ystem generate s  
63 t o  7 5  watt s o f  electrical p ower for operation of the A LSEP s ystem. The power 
i s  developed by a ther mopile s ystem which is heated by a radiois otope fuel cap
s ule . The power i s  r egulated, converted to the r equired voltage l evel s ,  and sup
plied to the data sub s ystem for di str ibution to the support and experiment 
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subsys tems . Analog hous ekeeping data from the electr ical p ower sys te m  i s  sup 
plied to the data subsystem for downlink telemetry. 

l-9. Data Sub s ys tem. The data sub sy s tem r ec eive s ,  dec ode s ,  and appli e s  d is 
c r ete logic c ommands fr om the MSF N  to the deployed units of A LS EP.  The s e  
c ommands ar e used to perfor m power switching, thermal c ontr ol, operating mode  
change s  and exp e riment c ontrol.  The data sub sy s te m  acc epts and p r oce s s e s  s c i 
entific data fr om the experiments , engineer ing s tatus  data fr om all the subsyste ms 
and trans mits the data to the MSF N  r ec e iving s tations .  The data subsys te m  als o  
switche s  and dis tr ibute s operating power to the experiment and support  s ubsys tems . 

l - 1 0 . Pa s s ive Se ismic Experiment Subsyste m. The pa s sive  s e i s mi c  experiment 
(PSE )  will mea sur e  s e i s mic ac tivity of the Moon to obtain infor mati on r egarding 
the phys ical pr operti e s  of the lunar crus t and interior.  S e i s mic  energy is  pr o 
duc ed i n  the lunar surfac e by meteor oid impacts and by tec tonic d i s turbance s . 

The s ei s mic  activity i s  mea sur ed by long per iod and shor t period s e i s mometer s 
which monitor the di splac ement of iner tial ma s s e s  fr om a zer o pos i tion r elative to 
s ensitive tr ansduc er s .  

1 - l l .  A c tive Sei s mic Exper iment Subsys tem. The active s ei s mic  experiment sub
s y s tem (ASE)  will pr ovide c ontrolled s e i s mic  lunar explorati on using artifically 
pr oduc ed s ei s mic energy of known di s tanc e s ,  c har g e  s iz e s ,  and timing . It will 
p r ovide data per taining to the physical pr operti e s ,  s tructur e ,  ela s ticity, and 
bearing s tr ength of lunar surfac e and near surfac e mater ials by measuring velocity 
of pr opagation, fr equency spec tra ,  and attenuati on of s e i s mic  c ompr e s sion waves  
thr oug h the lunar surfac e .  

l - 1 2 .  Lunar Surface  Magnetometer Experiment Subs ys tem. The lunar surfa c e  
magnetometer  (LSM) will pr ovide data pertaining to the magnetic  field at the lunar 
surfac e by measur ing the magnitude and temp oral variations of the lunar surfac e 
equatorial vec tor magnetic field. Electr omagnetic dis turbanc e s  originating in the 
s olar wind and subsurface  magnetic mater ial near the magnetometer s ite will als o 
be dete c ted. 

1- 1 3. Heat Flow Experiment Subsystem. The heat flow experiment (HFE )  will p r o 
vide data per taining to the s truc tur e, pos sible s tratifica ti on, and h e a t  balanc e of 
subsurface  mater ials by mea sur ing the net outwar d  heat flux fr om the interior of 
the Moon, the ther mal c onductivity and diffu sivity of lunar surface  mater ial, and 
heat fluc tuations at the lunar surfac e .  

Two, two - s ection probes  with heat s ens or s and a heater at each end of each s ec 
ti on ar e used in c onjunction with the HFE electr onic s package to measur e ab s o 
lute and differential te mperatur e s  and ther mal c onductivity o f  the lunar mater ial. 
The probes  are ins erted into hole s  bored thr e e  meter s deep into th e lunar surface  
by  the a s tr onaut us ing the Apollo lunar surfac e drill (A LS D). The s ensor s moni 
tor the temperatur e at known locations in th e bor e  hole, and the differenc e  in tem
peratur e between the locati ons .  The heate r s  produc e a known amount of heat at 
known locations ,  while the di s s ipation rate i s  monitored . By dete r mining tem
p eratur e s ,  temperatur e differenc e s ,  and ther mal di s sipation rate, th e ther mal 
c onduc tivity of the lunar subsurfac e can be calculated .  

l- 1 0  
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l -14. ALSEP PRINCIPAL INVESTIGATORS 

Each ALSEP experiment has been designed by a principal investigator ( PI), in 
some cases in conjunction with one or more co-investigators. T he investigators, 
identified by experiment, and whether the experiment is government furnished 
equipment ( GFE) or contractor furnished equipment ( CFE) are listed in Table 1-Z. 

Experiment 

Table l - 2. Apollo 16 ALSEP Principal Investigators 

GFE 
or 

C FE Principal Investigator and Co- Investigators 

Pas sive seismic CFE Dr. Gary Latham - Lamount- Doherty Geological 
Ob servatory 

Magnetometer GFE 

Active seismic CFE 

( T humper) 

Heat Flow C FE 

Dr . George Sutton - University of Hawaii 

Dr . Frank Pres s - Ma s s achusetts Institute of 
Technology 

Dr. Maurice Ewing - Columbia University 

Instrument: 

Dr . Palmer Dyal - NASA -Ames Research Center 

Data: 

Dr. Charles P .  Sonett - NASA-Ames Research 
Center 

Dr. Robert Kovach - Stanford University 

Dr . Joel Watkins - Ma s s achusetts Institute of 
Technology 

Dr. Marcus G. Langseth - Columbia University 

Dr. Sidney Clarke - Yale University 

Dr. M. Eugene Simmons - Ma s sachu setts Insti
tute of Technology 

l-15.  OPERATIONAL EXPERIENCE 

T he crew of Apollo 11 put the Early Apollo Scientific Experiments Package 
(EASEP), described in EASEP - MT -01, into operation at Tranquility Ba se in Mare 
T ranquillitatis on 21 July 1969 . (See Figure 1- 5:) The Apollo 12 A LSEP wa s de
ployed by the crew at the site of Surveyor 3 in Oceanus Procellarum, and began 
operating on 19 November 1969. The Apollo 14 A LSEP wa s deployed in the vicinity 
of the crater Fra Mauro, and began operating on 5 February 1971. The locations 
of these equipments are illustrated in Figure 1-5 .  

1 - 11 
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Figur e 1- 5 .  ALS EP Locations on Moon 
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T h e  receipt of live data from Ino o n - ba scd s c ience equipment i s  n ow a routine 
r eality . Sinc e th e d eploym e nt of EAS EP on 21 July 1 9 6 9 ,  there ha s been a c ontin
u ou s  flow of m e a sur e me nt s  tra n smitted to Earth from these lunar lab orat orie s .  
During thi s  period the Manned Spac e  Flight Network has rec orded the data trans
mi s s ions  a nd the Mi s si o n  C o ntr ol Center of NA SA ha s monitored a nd c ontrolled 
th e p erformanc e of the equipme nt .  

T he s e  paragraph s summariz e the operational exp erienc e ac cumulated with the s e  
lunar - ba s ed s y st em s . The following document s  c ontain c omprehens iv e  d e s crip
tions of EA S E P  a nd A LS E P  operati ng exp erienc e s: 

a . Apollo l l  Preliminary S c ienc e R ep ort, NASA S P - 2 1 4  

b .  S c ienc e, Vol . 1 67, No . 3 9 1 8  ( 3 0  January 1 97 0 )  

c . Apollo 1 2  Pr eliminary S c i enc e R eport, NA SA S P - 2 3 5  

d .  Ap oll o 1 4  Pr elimi nary S c i ence Report, NASA S P - 272 . 

l - 1 6 .  EA S E P OPERA T IONA L EXPERI EN C E 

E A S E P  i s  a modified ver sion of A LS E P  whi ch wa s prepared for the Apollo l l  mi s
s i o n . The op erating lifetim e and s c i e ntific s c ope were reduc ed to obtain a mini
mum deploym e nt time . The two subpackag e s  of A LS EP were_ modified to each 
c arry an exp eriment . Subpackage l, th e Pa s s ive S e i smic Experiment Package 
( PS EP ) , c ompri s ed a pas s iv e  s ei smic s en s or and a s olar -powered c e ntral stati on . 
Subpackage 2 c ompris ed a La s er Ranging Retro-Reflector ( LRRR ) which i s  elec
tri c ally pas s iv e. B oth packa g e s  m et their operational r equir ement s as sh own in 
T able l - 3 .  

l - 1 7 .  PS EP Op eration.  The Pa s s ive Sei smic Exp eriment Package wa s deployed 
7 0 f e et from the LM a s  shown in Figur e l - 6 .  Immediately a fter the s olar panel s 
w er e  unfold ed th e sy stem w a s  electrically a ctivat ed a nd a downlink s i g nal wa s d e 
t e ct ed by the MSF N .  During th e next fiv e lunations,  PS EP trans mitted data to 
E arth wh e n  the sun was shini ng on th e pane l s . The s olar pane l s  provided th e 
equipment with almo st exactly th e de s i g n  valu e s  of electr i c al power throughout th e 
operating p eriod s . The s e  valu e s  were well ab ov e  the minimum power r equired for 
n ormal operation of th e equipm. e nt .  

A n  abnormally high rate of ri s e  of c entral station t e mp eratur e w a s  detect ed 
sh ortly aft er LM lift - of£, and it b e c ame evid e nt that th e equipment would b e  sub
jected to v ery high t emperatur e s dur ing lunar noon operation.  The electroni c 
u nit s op erated at t e mp eratur e s  up t o  5 0° F abov e the d e s i g n  limit value . 

A ll functions p erformed normally throughout the.fir st lunar day .  The system wa s 
c ommand ed off at suns et, and wa s dormant thr oughout the lunar night . When r e 
a ctivated at lunar dawn, the system provid ed full performa nc e  until n o on o f  that 
lunar day wh e n  th e c ommand d e c oder failed to r e spond to uplink c ommand . The 
n et r e sult of  the l o s s  of the c ommand link w a s  ( l ) inability to level  the s e i s 
mometer or to r e activate it whe n  pla c ed in ST A ND B Y  m od e  by the "ripple" c ircuit 
during a power dip, ( 2 ) i nability t o  reactivat e th e du st, th ermal, a nd radiation 
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engineer ing meas ur ements package (DTREM I )  which was turned off when the sun 
went down on the s econd lunar day, and ( 3 )  inability to exerci s e  thermal contr ol 
thr ough us e of the power dump r e si stors . 

Table 1- 3 .  EASEP Op er ating Experience 

Deployment Time Operating Time 

Req'd Actual Req'd Actual 

LRRR 5 minutes 3 minute s  1 year still functioning 

PSEP 5 minutes 4 minutes fir st lunar daytime thr ough noon 2 nd 
lunar day* 

�:.: 
C omplete engine ering data thru dawn on 6th lunar day . 

Temp eratur e, voltage, cur r ent, and calibration status data wer e tr ansmitt ed 
thr oughout th e next five lunar daytime p eriods fr om all s ensors except thos e as 
s ociated with th e s eismometer and the DTREM I .  This data has been us ed to eval
uate the operation of the equipment in th e harsh extr emes of the lunar envir onment . 

The PSEP system executed 9 1 6  commands dur ing the first lunar day operation. 
Another 6 1 5  commands wer e implemented on the s econd day befor e loss of uplink 
capability . All r edundant facilities (data p r ocessors, power converters, trans 
mitters, and command decoders )  built into the central station wer e  exercis ed suc
cessfully. Over 800  mor e commands wer e dir ected at PSEP thr oughout the r e
maining operational period to determine if the uplink had r ecovered . 

l- 14 Figur e 1 -6 .  EASEP Deploye d on Lunar Surface  
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At 1 0: 1 4  CST on 1 4 December 1 969 (9 0 minute s after sunrise on the 6th lunar day) 
the downlink signal fr om PS EP wa s lost  and ha s not been detected s ince. 

1 - 1 8 .  LRRR Operation. The LRRR wa s deployed 55 feet fr om the LM as shown in 
Figure 1 - 6 .  It wa s aligned with the sun and leveled with precision sufficient to 
pr ovide overall pointing of the array to within one degree of the center of the Earth 
libration pattern .  

Reflected signals fr om the LRRR were fir st  acquired with the 120-inch tele s c ope 
of the Lick Ob servatory at Mount Hamilton, Califor nia on l August 1969. Initial 
acquis ition with the 1 07 -inch tele s c ope of the McDonald Observatory at Mount 
Locke, Texa s wa s on 20 August 1 9 69 .  

These, and subs equent ob servations demonstrated that the LRRR did not suffer 
maj or degradation fr om debris  gener ated during lift-off of the LM. Continued ob
s ervations at the McDonald Ob servatory have demonstr ated the succes sful per
formance of the LRRR at several s un illumination angle s,  as well as during and 
after lunar night . 

1 - 1 9 .  APO L LO 1 2  A LSEP OPERATIONA L EXPERIENCE 

The Apollo 1 2  ALSEP wa s c ar ried appr oximately 600  feet from the Apollo 12 LM 
and deployed on the lunar surface a s  shown in Figure 1-7 . The deployment oper
ation required 9 0  minutes from opening the LM SEQ bay until data wa s being re
c eived by the MSFN on Earth . This wa s 1 3  minutes longer than nominal, but did 
not exceed the 1 8 -minute buffer period s cheduled into the timeline for deployment 

Figure 1 -7 .  Ap ollo 1 2  ALSEP Deployed on Lunar Surface 
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unc ertaintie s .  Some difficulty was encountered  with r elea sing the fuel  cap sule 
from the cask a s s embly, and with the deployment of the C CIG and the PSE shroud . 
A lso, the lunar dust pos ed some problems during the deployment operation. De
s ign chang e s  have been incorporated in subs equent systems as  a r e s ult of th e s e  
expe rienc e s .  

l - 2 0 .  System Operation. During the fir st 603  days of operation of the Apollo 12 
A LSEP lunar laboratory, almost 6 billion measur ement s  from the Moon were  r e 
cor ded on magnetic tape as  they wer e r e c eived a t  each station of the MSFN. The s e  
measur ements  wer e made during 2 1  complete traver s e s  of the Moon through the 
geomagnetic tail of the Earth ( Figur e l - 8 ), 21 complete day- night cycle s  of the 
thermal environment of the Moon, and the seasonal thermal variations caused  by 
the  change s  in distanc e from the Sun during the year . The measur ements  pro
vided a detailed r ecor d  of the solar change and th ermal transients at the lunar sur 
fac e  during thr e e  solar eclip s e s .  

The only br eaks  in the continuous flow of thi s data oc cur r ed during the thr e e  s olar 
ec lip s e s  which wer e viewed from Earth on 7 March 197 0, 31 August 197 0, and 
l 0 February 197 1 .  Dur ing the s e  solar eclip s e s  the MSFN antennas pointed at 
A LSEP looked into the sun which is a strong source  of noi s e .  During the s e  per iods 
(about 3 hour s )  the network r eceiver s wer e unable  to di scr iminate the A LSEP sig 
nal from the solar noi s e  and the measur ement data wer e lost . 

The MSFN stations have consistently r eported the downlink s ignal str ength to be 
- 1 39 (± 1 )  dbm. Downlink s ignal str ength variations attr ibutable to lunar libra
tions have not been detected.  

During the 603  days ,  over  1 0, 000  functional chang es  were initiated by command 
from the mi s s ion control center at Houston as  part of the operation and calibra
tion of th e laboratory .  Over 97o/o of the s e  functional chang es  wer e  made in the 
p er formanc e of the sc ientific experiment s .  The r emainder  were  made in the pro
c e s s  of normal laboratory hous ekeeping . 

The system ha s experienced 38 functional chang e s  when  no command was trans 
mitted by the MSFN. Th e s e  change s  have been attr ibuted to " spurious commands" 
which r e sult from an RF noi s e  effect . The spurious commands have not other 
wi s e  impacted system operation and the functional status in each c a s e  has been 
r e stor ed by command. 

The facilitie s  of the mi s sion control center wer e mobiliz ed  continuous ly during th e 
fir st 45 day s of operation to monitor the data in "r eal " time a s  it was r e c eived 
from the Moon, and to control the operation of the instruments .  After  the fir st 
45 days the mi s sion control center wa s mobiliz ed for a minimum of 2 hour s per  
day during lunar daytime periods ,  1 hour every other day during lunar nighttime 
periods ,  and for 24 hour s during terminator cros sing s .  Support wa s also pro
vided during p er iods of special inter e st such as lunar noon and solar eclip s e .  

The c entral station timer failed after 2, 2 0 0  hour s of operation. This terminated  
the  automatic backup command functions normally initiated by the 12-hour pul s e .  
System operation wa s otherwi s e  uneffected exc ept that the end-of-mis sion signal 
will not occur . 
l-16 
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The electr ical p e r for manc e of  the RTG ha s be en r e markably stable in spite of  the 
s ever e temp eratur e excur s ions of th e  lunar surfac e .  The day - night p ower output 
var iations wer e l e s s  than 0. 5 watt . The output dropped only l .  5 watt s ,  fr om 74  
t o  7 2 . 5 watt s ,  dur ing the fir st y ear ( 8 , 7 8 0  hour s ) of operation, and has  fluctuated 
about that value ever s inc e .  

The the rmal cont rol of  the Apollo 12 A LSE P e quipment has been ge ne rally 
acceptable . The central s tation ele ctr onic s unit s we re de s igne d to  ope rate at 
tempe rature s be tween  0°F and 125 °F . The ir ave rage tempe rature has been 
maintained between 20°F and l 0 0°F. The PSE sensor  te mpe rature s have been 
highe r than expe cte d around lunar noon, and required  heate r augmentation to  
maintain the nighttime minimum tempe rature . The tempe rature excur s ions of  
the expe riments are  shown in Table l -4 .  

The Dust  Dete ctor has not a s  yet provide d evidence o f  appre ciable dust a c cretion .  
I t  ha s provide d a sensitive indication of  lunar sunr ise and sunset  a s  an  on - s ite 
mea surement .  The se  event s  are s ignificant in the functional and ope rational 
c ontrol of A LSE P and se rve to pe rmit accurate corre lation from lunation to 
lunation of data which are sun -angle dependent . 

l - 21. PSE Ope ration. The PSE ope ration during the fir st  year wa s nominal 
except for low sen s itivity of the short pe riod s e is momete r ,  and above normal 
sensor  tempe rature s dur ing high s un -angle pe riods  ( 145 °F , rathe r than the 
de s irable 126 °F ) .  This ha s had no impa ct on instrument functioning , but ha s 
made the inte rpretation of  the tidal information more difficult . The Z axis sensor  
leveling motor ha s be en used  a s  an  additional he at s our ce during lunar night to  
maintain the sensor  tempe rature at  126°F .  A fte r 6 0 3  days  of  ope ration ,  the PSE 
continue s to provide long -pe riod data continuously and s hort -pe r iod data during 
lunar daytime only. Data fr om the PSE has reveale d that the Moon is an 
extremely quiet and stable body as compared to the Earth. The data indicate s 
that the Moon is not st ratifie d like the Earth,  but is a rubble of  rock clumps 
which have not congealed .  

The major s ei s mic event s  r ec orded by the FS E have been the impact s  of the 
Apollo 1 2  LM, the Apollo 13 S- IVB stag e,  and the Apol lo 1 4  LM and S - IVB s tage .  
The S - IVB impact signal s exhibit an  extr emely large  p eak amplitude and per s ist 
for s everal hour s .  Many meter oid impacts were r e c orded . Analy s is of this data 
eventually will lead to a quantitative e st imate of number s and mas s e s  of such 
pie c e s  of r ock material in near lunar spac e .  

Table 1 - 4 .  Apollo 12 A LSEP Experiment Te mp eratur e Extr eme s  

Nightt ime Daytime 
Equipment Minimum (oF )  Maximum (oF )  

Magnetomet er  E lectronic s - 20 17 1 .  1 
Solar Wind Spectromet er 0 . 3 151. 0 

E le ctronic s  
SIDE Electronic s 3 8. 6 13 0 
PSE Sen s or As sembly 1 26 14 5 
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Analysis of the data ha s identifie d nine type s of seismic e vents which occur 
e very month at or near the time the Moon comes neare st the Earth in its monthly 
orbital cycle. The se  e vents  are believe d to be moonquake s triggered by tidal 
strain. All e vent s  within a type are identical in every a s pect throughout the 
length of the record . This indicate s that each type of event originate s at a 
s pecific point on the lunar surface . 

1 -22. Solar Wind Spectrometer Expe riment. The SWS operation wa s normal 
throughout the 603 days , with no indication of degradation. The SWS detecte d 
s olar wind pla sma striking the Moon during all the period s  of the lunar day-night 
cycle that it would be expected to do s o. ( See  Figure 1-8.  ) N o  pla sma is 
detected during the lunar night , when the Moon is between the Sun and the SWS. 
A second period of no measurable pla sma occurs for 4-1 /2 days while in the 
ge omagnetic tail , when the Earth is  nearly between the Sun and the SWS. Pla sma 
that is  le s s  strongly perturbe d by the Earth 1 s field is mea sure d for about three 
days on either side of the ge omagnetic tail ( in the transition region ) .  During the 
remaining five days of each lunar cycle , outside the bow shock wave , the 
observe d  pla sma parameters are consistent with inte rplanetary s pace probe 
ob servations. The pla sma density is  very small , with me asurements ranging 
from 1 to 2 5  particle s per cubic centimeter. The s olar wind is seldom the same 
for more than a few minute s at a time . 

The Moon doe s not appear to have a maj or effect on the s olar wind. The pla sma 
s weeps  in , impacts the Moon , and is  abs orbed by the surface . 

The SWS detecte d a complicate d ga s flow pattern re sulting from the impact of 
the Apollo 1 3  S-IVB stage 1 35 kilometers to the we st. A lthough the re sulting ga s 
cloud wa s expected to be swept away by the s olar wind , two clouds were observed; 
they arrive d at the SWS from the north and northea st directions .  Particle 
energie s of about 35 to 5 0  electron volts ( e v )  were measured. 

1-2 3. LSM Operation . After 603  days of ope ration , the LSM field sensor out
puts and engineering data continue to provide valid science data during lunar 
daytime periods. The LSM ha s expe rience d lo s s  of data output at low tempera
ture s  since June 1 97 0 .  The sensor s  detecte d magnetic field intensitie s in the 
100  gamma and the 2 0 0  gamma sensitivity range s .  No field intensitie s were 
detected in the 4 0 0  gamma range. 

The LSM detecte d a steady magnetic field of about 35 gamma s imme diately afte r 
deployment. The data indicate s that this is a localized ,  probably fos sil, field 
located from 0. 2 to 2 0 0  kilometers from the LSM.  

The data re veals that the LSM detects time-de pe nde nt field change s. Correlation 

of the change s with simultane ous mea surements from Explorer 35 in lunar orbit 

indicate s that large electric currents  are generate d dee p  in the interior of the 

Moon. The re sults corre spond to a lunar temperature profile having an average 

value of 8 0 0  °K down to about one -half the radius of the Moon and greater than 

1 20 0°K for material in the inner core. 
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l - 24. SIDE Ope ration . The SIDE has ope rated normally , except for a tempe ra -
ture - de pendent mode change characte risti c ,  with no indication of  de gradation of  
pe rfo rmance o r  of the rmal contr ol capabilitie s .  The mode change s are  typical 
of high voltage a r cing e ffe cts ,  and oc curred  when the instrument inte r nal 
tempe rature rea che d approximately 5 5  ° C .  The mode change s have been corre cte d 
by command afte r each o c cu rrence . The SIDE ope rate s thr oughout the lunar 
night , and during lunar daytime for pe riods of  two hour s followed by pe riods of 
powe r - off to allow for cooling .  

Ma s s  spe ctra of 50  ev  ion s  we re  dete cte d s oon afte r deployment . The se showed 
c oncentrations of  ions in the 1 8  to 5 0  amu/q ma s s -pe r - char ge range . Clouds of 
1 0  to 25 0 ev ions have been dete cte d ,  as well as othe r event s ,  which sugge st the 
ope ration of a gene r al a ccele ration me chanism.  Solar wind ene r gy ions are 
dete cte d seve ral days be fore sunrise at  this A LSE P site . Ions of 2 5 0  to  3 ,  0 0 0  e v ,  
pre sume d t o  b e  p r oton s which e s cape d from the bow shock , are  obse r ve d  in the 
time pe r iod between lunar sunset and midnight . The SIDE dete cte d ions of  
25 0 to 5 00 ev from the impa ct of  the A pollo 12  LM. It dete cted ion s  of 50  to 7 0  
e v  with a large numbe r of ion s  o f  ma s s  about 1 0  t o  80  amu/q re sulting from the 
impa ct of the A pollo 1 3  S -IV B .  

The SIDE ob se rve d three maj or e vents of  the A pollo 1 4  mis sion : The S - IV B 
impa ct , the LM a s cent stage flight appr oximately 2 2  kilomete r s  north of the 
A pollo 1 2  s ite at an altitude of approximately 1 5  kilomete r s ,  and the LM a s cent 
stage impa ct. 

The C CIG ope rate d for appr oximately 1 4  hour s afte r it wa s deploye d on the lunar 
surface . It was shut off by apparent ar cing in it s 45 00 volt powe r supply due to 
outga s s ing in the ele ct roni cs  as  it be came heate d in the hot va cuum envir onment 
of the lunar day . During �9s ope ration , the C CI G  dete cted a natural lunar atmos 
phe ric  pre s sure of 9 x 1 0  tor r .  Me a surement s indicate d that contaminant 
ga se s from t� landing ope ration did not raise the local atmosphe ric  p re s sure 
above 9 x 1 0  tor r . The ga s 

_
cJoud ar ound an a stronaut exceeded the uppe r range 

of the gage ( approximately 1 0  tor r )  a s  far a s  s
_13ve ral yards  from the a st r onaut . 

N o  pe r ce ptible r e sidual contamination at the 1 0  tor r le vel remaine d a round the 
gage for longe r than a fe w minute s afte r astronaut departure . 

l - 2 5. A POLLO 14 A LSE P OPE RA TION A L  E X PE RIEN CE 

The A pollo 1 4  A LSE P wa s car rie d approximately 1 7 8  mete r s  from the LM , and 
de ploye d on the luna r surface a s  shown in Figure 1 - 9 .  This pla ced the se cond 
A LSE P system on the Moon into ope r ation 1 8 1  kilomete r s  from the A pollo 1 2  
A LSE P as  shown in Figure 1 -5 .  

The system wa s activated ,  and data wa s re ceived by the MSFN on E a rth. The 
re ceive d  signal strength ha s varie d  between - 1 4 2 . 7 and - 1 36 . 8 dbm a s  a re sult 
of MSFN site cha ra cte risti c s , Moon/Ea rth libration patte rn , and A LSE P antenna 
alignment. 

1 - 2 6. System Ope ration. The A pollo 1 4  A LSE P lunar laboratory ha s re sponde d 
to approximately 3 ,  0 0 0  ope ration and calibration commands initiate d by the MS FN 
during it s fir st 16 0 days of ope ration on the Moon,  and pr ovide d mea surement data 
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which wa s re corded  on magnetic tape a s  it wa s re ce ive d at each station of the 
MSFN . The system ha s expe rienced six complete trave r s e s  thr ough the 
ge omagnetic tail of the E a rth ( Figure 1 - 8 ) ,  and six complete day-night cycle s 
of the the rmal envir onment of the Moon. 

The powe r output of the RT G remaine d constant at 7 2 . 5 watt s during the 1 6 0 -day 
pe riod, displaying only slight day-night output va riation s .  

Figure 1 -9 .  Apollo 1 4  A LSEP Deploye d on Lunar Surface 

The central station time r failed afte r providing the thirteenth 1 2 -hour pulse at 
2 2 : 1 7  GMT on 1 7  February 1 97 1 .  This te rminate d ba ckup command functions 
normally initiate d automatically. System ope ration is othe rwise unaffe cte d except 
that the end - of-mi s sion signal will not o c cur . 

The rmal c ont r ol of the A LSEP equipment ha s been satisfa ctory. Tempe ratur e s  
u p  t o  1 80 ° F during lunar day and - 295 °F during lunar night have been re corded 
on the upward fa cing surfa ce s of this and the Apollo 1 2  A LSEP equipment . A 
yearly cycle of peak tempe rature s ( summe r -winter e ffe ct ) ha s been e stablishe d .  
During three lunar e clipse s ,  A LSEP surface tempe rature s  de creased rapidly, 
a s  much a s  3 2 0 ° F  in two hour s ,  and returne d le s s  rapidly to the original 
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tempe ratur e .  Tempe rature excur sions o f  the ALSE P 1 4 equipment a r e  s hown on 
Table 1 -5 .  

Table 1 -5 .  Apollo 1 4 ALSE P Tempe rature Extreme s 

Nighttime Daytime 
Equipment Minimum ( °F ) Maximum ( o F )  

Central Station 3 9 . 0 1 1 6 .  5 
( the rmal plate ) 

PSE 1 24 . 2 1 3 0 .  1 

S IDE 2 8 . 2 1 8 1 .  2 

C CIG -27 7 .  2 1 9 5 . 8 

C PLEE - 2 1 .  3 1 5 6 . 6 

ASE ( GLA ) -7 4. 7 1 5 8 . 0 

1 - 27. PSE Ope ration. Ope ration of the Apollo 1 4  PSE ha s been normal thr ough 
out the fir st 1 6 0  day s .  The only pr oblem ha s been ir ratic ope ration o f  the Y -axis 
leve ling motor , whi ch develope d on 17 April 1 97 1 .  

Crew a ctivitie s produced dete ctable seismic s ignals for the Apollo 1 4 instrument 
throughout the E VA t rave r se s .  Venting ga se s and the rmoela sti c  stre s s  relie f of 
the LM caused the expe cte d seismic s ignals .  The Apollo 1 4  S -I V B  impact wa s 
dete cte d by the Apollo 1 2  pa s sive se i smomete r ,  and the LM a s cent - stage impact 
wa s dete cte d  at both site s .  The se seismic e vent s  produce d the characte risti c ,  
remarkably s low de cay signals that had been  previously dete cte d by the Apollo 1 2  
ins trwnent ; the signal s pe r sisted for seve r al hour s .  

The Apollo 1 4 seismomete r ha s dete cted natural seismic event s  at more than 
twice the fr equency re corde d  by the Apollo 1 2  instrument , and all se i smic 
e vents  that have been re corde d at the Apollo 1 2  s ite have also  been dete cte d by 
the Apollo 1 4  instrument. The greate r sensitivity at the Apollo 1 4  s ite i s  
thought t o  be a re sult o f  the thick laye r o f  uncons olidated mate rial that blankets  
thi s re gion . This  laye r of  unconsolidate d mate rial may provide a more  e fficient 
coupling of se ismic ene r gy with the lunar surfa ce . The Apollo 1 4 instrument 
appe a r s  to be sufficiently sensitive to dete ct the impacts ( at any location on the 
Moon )  of mete oroids that have mas se s  in exce s s  of approximately 1 kilogram. 
The dete cte d natural events can be identifie d as mete or oid impa cts and moon 
quake s .  It is believe d that not le s s  than nine diffe rent locations are  involve d in 
the moonquake s that have been dete cte d by both seismomete r s ,  although more  
than 80 pe r cent of the total seismic ene r gy dete cte d ha s come from a s ingle 
focal zone that is located pe rhaps  6 00 to 7 0 0  km from both stations and pos sibly 
at a conside rable de pth within the Moon. If  the depth of the focal zone is con 
firme d b y  future data , fundamentally important information about the pre sent 
s tate of the lunar inte rior will be made available . 
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1 -2 8 . ASE Ope ration .  The ge ophone s we re aligned in a s outhe rly dire ction 
from the central station , and the morta r pa ckage wa s positione d to fire  the 
g renade s in a northe rly dire ction. Thumpe r ope rations produ ce d 1 3  succe s s ful 
fi r ing s ,  9 of which we re  re corded at all 3 geophone s .  

The data gene rate d by the thumping ope ration indicate the existence o f  a surficial 
laye r approximately 8. 5 mete r s  thick at the A LSE P site . This laye r ,  which 
exhibit s a P -wave velocity of mete r s  pe r s e cond , may be inte rpreted a s  the 
re golith in this area .  The 8 .  5 -mete r s  thickne s s  of the regolith is in good agre e 
ment with the thi ckne s s  e stimated from ge ological s tudie s of small crate r s .  The 
s e i smic propagation velocity ob se rve d  during the thumping ope ration i s  in 
remarkable agre ement with the pr opa gation velocity de rive d at the Apollo 1 2  
landing s ite ( 1 08 mete r s  pe r se cond ) ,  whe re the e lapsed  time wa s re corded 
between  LM a s cent-engine ignition and ar rival of the gene rate d se i smic signal at 
the A pollo 1 2  pa s sive s e ismomete r .  

Below the re golith at the Apollo 1 4  landing s ite i s  anothe r laye r , which exhibit s a 
P -wave velocity of 299  me te r s  pe r se cond . The thi ckne s s  of thi s laye r is  e s ti 
mate d to be approximately 5 0  mete r s , which i s  in substantial agreement with 
e stimate s of the thickne s s  of the F ra Mauro Formation in thi s area .  The 
relative ly low comp re s s ional -wave velocitie s that have been  mea sured are 
e vidence again st the existence of substantial pe rmafr ost  near  the surfa ce in the 
landing re gion .  

The ASE ope rational plan calls for  standby status at  all time s except for brie f  
pe riods o f  li stening mode ope ration. Ope ration ha s been no rmal except for 
e r ratic output of ge ophone numbe r 3 ,  which wa s fir st ob se rved on 26 Ma rch 1 97 1 .  

The a ctive s e i smic expe riment include s a rocke t -grenade launche r that i s  
capable o f  launching four grenade s to  impa ct a t  known time s and a t  known 
distance s ( up to appr oximately 1 5 00 mete r s )  from the sei smome te r .  The ro cke t 
g renade s will not be activate d until data colle ction from the othe r Apollo 1 4 
A LSE P expe rime'nts i s  virtually comple te . 

1 -29 .  SIDE Ope ration . The SIDE ope ration ha s be en normal except for a tempe r 
ature -dependent mode change characte r i stic s imilar to that expe rienced by the 
A pollo 1 2  SIDE. Ope ration during lunar daytime ha s been limite d to pe riodic 
inte r vals  as a pre caution against high-voltage ar ciu.g , with full -time ope ration 
during lunar nighttime . A malfunction which wa s fi r st ob se rved on 6 April 1 97 1 
has rende r e d  the po s itive engine e ring data invalid.  

By cor relation of data returne d by the A pollo 1 2  SIDE and the Apollo 1 4  SIDE , 
di s cr imination i s  pos s ible between moving ion cloud s and temporal  fluctuations 
of the ove rall ion distr ibution . Thi s  dis crimination capability enable d the 
inte rpretation of an ion e vent that wa s dete cte d by both SIDE instruments on 
1 9  Mar ch 1 97 1 .  This ion e vent wa s the pas sage of a large ( approximately 
1 3 0 kilomete r s  in diamete r )  ion cloud that move d we stward at appr oximately 0 .  7 
kilomete r s  pe r s e cond. The cloud was pos sibly a s s ociate d with a relatively 
large  s e i smic e vent that wa s re corde d  by the Apollo 1 4  pa s s ive se i smomete r 
app roximately 37 minute s ear lie r .  
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Ions in the 2 5 0 - to 1 00 0 - e v  ene rgy range have been  dete cte d streaming down the 
magnetosheath of the Earth as the Moon e nte red  the magnetosphe ric  tail . Inte r 
mittent intense  fluxe s of 5 0 - to 7 0-ev ions with ma s se s  in the 1 7- to 24 -amu/unit 
cha rge range have been r e corde d approximately two days  afte r sunrise . Ene r gy 
and ma s s  s pe ctra  we re obtaine d during the venting of the oxygen atmo sphe re of 
the LM cabin. 

The C CIG wa s deploye d looking s outh toward  Fra Mauro ,  with the LM just out 
side its fie ld of vie w. Ea rly re sults  indicate that  the �una r  atmos:fhe re  concen 
tration during lunar nighttime i s  approximately 2 x I 0 atoms/ em , although 
transie nt increase s by I to 2 orde r s  of magnitude are  fairly frequent and la s t  
from minute s to many hour s .  Some of the s e  transient inc rease s may be caused  
by  venting or outga s sing from the LM or from othe r equipment a t  the A LSE P 
s ite . The neutral-atom concentration r ise s rapidly at sunr i se  ( 2 orde r s  of 
magnitude in 2 minute s ) ;  the concentration then de cays , o7e r  a pe rio�of approx 
imately 5 0  hours , to  a mean daytime level of le s s  than 1 0  atoms/em . 
Nwne rous  ga s e vent s  have been  obse rve d  during the lunar day .  The mean 
neut ral-atom level s  ob se r ve d  may still be affe cted by outgas sing from othe r 
A LSEP equipment , but the output from this sour ce should de crease  with time in 
an identifiable way. 

l - 3 0 .  C PLEE Ope ration . The CPLEE wa s deploye d with no difficulty , and 
ali gne d to within I .  7 ° of leve l ,  tippe d to the e a s t ,  and I 0 away fr om the e a s t 
we st.  Photographs show no vis ible dus t  ac cre tion on the exte rnal surfa ce s .  

The CPLEE ope rate d normally until 9 April  1 97 1 ,  when the analyzer B high 
volta ge powe r supply output be came e r rati c ,  rende ring the s cien ce data invalid. 
Analyze r A ,  which points upward ,  continue d to provide valid data until 
6 June 1 97 1 ,  when its  high-voltage supply be came e r rati c .  T rouble shooting 
reveale d that analyze r A will ope rate for 35 to 5 5  minute s afte r turn -on and then 
dete riorate ; so  the CPLEE will be maintaine d in the standby mode and turne d on 
only for s ignificant e vent s .  

The CPLEE data reveale d the pre sence of low-ene r gy ele ct rons  whene ve r the 
landing s ite is illuminate d by the Sun.  The va riation in the low-ene r gy -e le ctron 
flux dur ing the lunar e clipse of I 0 February 1 9 7 1  pr ovide d strong e vidence that 
the electron s  are photoele ctron s  libe rate d from the luna r surfa ce .  The solar 
wind flux obse rve d by the CPLEE ha s exhibite d rapid time var iations  ( pe riods of 
approximately 1 0  se cond s ) ,  both when the Moon is  in inte rplane tary space and 
when it is in the ma gnetosphe ric  tail of the Ea rth. Data colle cted during pa s sage 
of the Moon through the magnetopause and magnetosphe ri c  tail indicate s rapidly 
fluctuating low-ene r gy { 5 0 - to 2 0 0 - e v )  e le ctrons , fluxe s of me dium -ene r gy 
ele ctrons lasting from a few minute s to ten s  of minute s ,  and e le ctrons  that have 
e ne r gy spe ctra s imilar to those obs e r ve d  above te r re strial aurorae . Thus , 
aur oral particle s do appe ar to penetrate far into the magnetospher ic  tail , an 
obs e r vation that , if confirme d ,  contains important implications conce rning the 
gene ral topology of the magnetosphe re . 
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Afte r the Apollo 14 LM a s ce nt - sta ge ' impa ct ,  two plasma cloud s ,  which we r e  
s e pa r ate d in time b y  a fe w s e c ond s ,  pa s se d  the CPLE E .  T he s e  pla sma clou d s  
we r e  t r a ve ling a t  appr oximately 1 kilomete r pe r s e c ond and had diamete r s  o f  
14 and 7 kilomete r s .  
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SE C T ION II 

A LS E P  SUB SY ST E M  D E SC R IPT ION 

2 -1 .  ALS E P  S U B S Y S T E M  IN TR ODU C T ION 

Thi s s e ct ion d e s c r ib e s  the e ight ( four expe r iment and four suppo rt)  subs ystem s 
whi ch c ompr i s e  the Apollo 16 ALSE P s ystem. A l i sting of the subs ystem s follow s :  

a .  Structur e / thermal subs ystem 
b .  Ele ctr i c al power sub s ystem ( E PS )  
c .  Data sub sy stem ( DS / S) 
d .  Pa s s ive sei smic exp e r iment s ub s ystem ( PS E )  
e .  Ac tive s e i smic expe riment subs ystem (ASE)  
f .  Lunar s u r fa c e  magn etom eter expe r iment sub s y stem ( LSM ) 
g .  H e at flow expe r iment subs ystem ( H F E )  

All subs ystems are d e s c r ibed in t e r m s  of their phys ical cha ract e r i s ti c s ,  func 
tional ope ration , and s y s tem int e r fa c e s .  

2 - 2 .  S T R U C T U R E / THERMAL S U B S Y S T E M  

The st ructu r e / the rmal sub sy stem provide s the structural inte g rity and pa s sive 
the rmal prote ction r e quired b y  the ALSEP expe r iment and s uppo rt subs ystems to 
with st and th e envi ronment s en count e r e d  in storage , t r an s portation an d handlin g .  
t e s ting , loading o n  LM , space flight , and lunar deployment . Du ring ope r ation on 
the Moon , the s t ructu r e / the rmal sub s ystem will continue to provide structural 
s uppo rt and the rmal prote ction to the d ata subs ystem in the cent ral station and to 
the elect r i c al power s u b s y stem. 

2 - 3 .  S TR U C TURE / T HERMA L S U B S Y S T E M  PHYSICA L DE SCR IP TION 

The s t ru ctur e / the rmal sub s ystem in clude s the b a s i c  structu ral a s s e mbly of the 
ALS E P  s y stem subpackage s ,  the fuel c a s k  s t ru ctu r e  a s s embly, handling tool s . 
and antenna ma st .  Stru ctur e / thermal sub s ystem leading parti cular s are proviri e d  
in T able 2 -1 .  

2 -4 .  S T R U C TU R E / T HE R M A L  S U B S Y S T EM F UNC T IONAL D E S C R IPTION 

2 - 5 .  Subpackag e No. 1 Structu r e / The rmal. The s t ructur e / thermal portion o f  
subpackage N o .  1 con s i st s  o f  a pr imar y structu r e , boom attachment a s s embly. 
the rmal plat e ,  sun shield , s ide curtain s .  r e a r  curtain , r efl ecto r . and th e r m al bag 
a s  shown in Figure 2 -1. T he pr ima ry structu r e  pr ovide s tie  points for s e curing 
the subpa ckage i n . the SEQ b ay of the LM. It is r e c e s sed to r e c e ive the c e nt r al 

2 -1 
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Table 2 - 1 .  Structur e / Thermal Subsystem Leading Particular s 

Component Characteristic  V alue 

Subpackage No .  1 Siz e ( in che s )  L 26 . 7 5  
Structur e  w 27 . 37  

H 6 . 87  
Weight (pounds ) 24 . 86 

Subpackage No.  2 Size ( inche s )  L 2 5 . 87  
Structure w 27 . 1 4  

H 3 .  3 7  
Weight (pounds )  2 5 .  1 5  

Fuel Cask Support Size ( in ch e s )  H 28 . 86 
D 1 2 . 25  

Weight (pound s )  1 9 . 6 0  

F T T  Length ( inch e s )  24. 1 2  
Weight (pounds )  1 .  5 1  

UHT Length (inche s )  26 . 5 0  
Weight ( pounds )  0 .  8 2  

DRT Length ( inche s )  2 3 . 67  
Weight (pound s )  0 . 6 5  

Antenna Mast Section length ( inche s )  20 .  75  
(two s e ction s )  Ba sic diamete r  ( inche s )  1 .  75  

Weight (pounds )  1 .  3 0  

2 - 2  
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station ele ct r onic s which a r e  mount e d  o n  the the rmal plate .  The s un shield pr o 
vide s tie point s for mounting the boom attachment a s s e mbly ,  experiment s ub s ys 
tem s ,  and a s s o ciated equipment. The sun shield , s id e  curtain s ,  and r efle ctor a r e  
r ai s ed during d eployment to provide the r mal pr ote ction f o r  the c entr al s tation 
ele ctroni c s .  

Thermistor tempe ratu r e  detecto r s  monitor ther mal bag , primary structu r e , and 
sun shield tempe rature s  duri ng operation. The s e  tempe r ature s ignals a r e  s upplied 
to the data subs ystem for ins e rtion into the A LS E P  telemet r y  data.  

2 - 6 . Subpackage No.  2 Structu r e / T he rmal. The stru ctur e / thermal po rtion of 
subpackage No . 2 c o n s i s t s  of b oom atta chment a s s embly, pallet , and s ub pallet a s  
shown in F igure 2 - 2. It pr ovide s t i e  point s t o  mount experiment and support 
sub s ystem s , and to s e cu r e  the s ubpackage in the S EQ bay of the LM . The pallet 
a s s embly prote ct s the a str onaut from the electrical powe r sub s ystem c omponent s 
during deployment , and s e r ve s  a s  a b a s e  for that sub s y stem during operation. 

2 - 7 .  Du s t  C ove r s .  Dust cove r s  have been a dded to the s ystem t o  pr ote ct 
m e chani sms and thermal coatin g s  f r om lunar dus t  dur ing the deployment ope r a 
tion s .  The dust cove r s  (Figure 2 - 3 )  ar e installed during the preparation for 
flight ope r ations at KSC . The y are r emoved by the astronauts dur ing the lunar 
deployment ope rations . 

2 - 4  
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RTG DU ST COVER 

LSM DU ST COVER 

DU ST COVER 
HFE ELECTRON IC S 

Figure  2 - 3 . Dust Cove r s  
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2 - 8 .  F u e l  C a s k  Stru ctur e  A s s embly. The fuel  c a sk structure a s s embly c o n s i s t s  
of the structu r e , the rmal s hi e l d ,  cask b and s ,  a n d  c a s k  g u a r d  a s  shown i n  F ig 
u r e  2 - 4 . The structu r e  provid e s  tie points for attachment of the fue l  c a sk to the 
exterior of the LM , and provide s  the thermal shield to r efle ct fue l  c ap sule 
the rmal radiation away from the LM . The c a sk band s are clamped onto the c a s k ,  
and provide t i e  point s  for attachment t o  the stru ctu r e .  T h e  lowe r band inclu d e s  a 
me chani sm to tilt the fuel c a sk for a c c e s s  to the fuel capsul e .  The guard i s  
provided to prevent astr onaut c ontact with the c a sk du ring deployment. 

Two temper atur e  transdu c e r s  monitor the rm al shield tempe ratu r e .  T h e  t empe r a 
tur e  me asurem ent s a r e  included i n  the Apollo telemetry data.  

2 - 9 .  Handling T o o l s .  The handling t o o l s  con s i st of a dome r emoval t o o l  ( D R  T ) .  
two unive r s al handling tool s ( UH T ) .  and a fuel  transfer  tool ( F T T )  a s  shown in 
Figure 2 - 5 .  The s e  tool s are u s e d  b y  the astronaut to deploy the ALSE P s y stem 
on the lunar surfa c e .  

T h e  DR T i s  u s e d  to r emo ve and handle the dome of the fuel  c a s k .  T h e  tool 
engag e s ,  lock s in,  and unlock s a nut on the dome. R ot ation of the nut r ele a s e s  the 
dom e. 

The F T T  i s  used to transfer the fuel  c apsule from the fuel cask to the R TG. 
Thr ee movable fin ge r s  engage the fuel  capsule and are locked in place b y  r otating 
the knurled s e ction of the handle . R el e a s e  i s  ac complished b y  rotating the handle 
in the oppo s ite dir e ction . 

The UHT i s  u s e d  to r eleas e the tie - down fastene r s ,  and to tran sport and emplace 
the experiment sub systems . The Allen wr ench tool t ip  engage s  the s o cket -head 
Boydbolt fastene r s  to rotate and r e l e a s e  the bolt.  A ball  type locking d e vi ce 
provid e s  rigid int e rface between the tool  and a r e ceptacle on the sub s ystem. 
Ope r ation is  by a trigger - like lever near the handle .  

2 - 1 0 . Antenna Mast .  The antenna mast i s  provided i n  two s e ctions a s  shown in 
Figure 2 - 6 .  The s e ctions lock together and provide lo cking devi c e s for attachment 
to the subpa ckage s .  The antenna mast s e r v e s  a s  the handle fo r the bar - b ell 
c a r r y  of the ALS E P  subpackag e s  to the deployment s ite.  It is  then attached to 
subpackage No. 1 to suppo rt the aiming m e chanism and antenna.  

2 - 1 1 .  ELEC TRICAL POWER S U B S Y S T EM 

The ele ctr ical power sub sy stem ( EPS) provides the electrical powe r for lunar 
operation of the ALS E P .  Primary e l e ctric al powe r i s  developed by the rmoelectric 
action with thermal energy supplied b y  a r adioi s otope s our c e .  Primar y  powe r i s  
c onverted , regulated , and filt e r e d  to provide s ix op_e r ating volt ag e s  for the A LS E P  
expe riment and support sub sys tem s .  

2 - 6  
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F igu r e  2 - 4 .  Fuel C a s k  Structure As s embly 

FUEL TRANSFER TOOL 

DOME REMOVAL TOOL 

U N I VERSAL HAND L I N G  TOOL 

Figure 2 - 5 . Handling Tools 
2 - 7  
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F igure 2 - 6 .  Ant enna M a st Se ction s 

2 - 1 2 . E PS PHYSICAL D ESCRIPTION 

Major component s of the electrical pow e r  sub s ystem are shown in F igure 2 - 7 .  
The compon ent s are a r adioi s otope thermoele ctric  gene r ator a s s embly,  a fue l  
c ap sule a s s embly , a power conditioning unit , a n d  a fue l  c a s k .  

2 - 1 3 . EPS R adio i sotope Thermoelectric Gene r ator ( R T G ) .  The R T G  i s  a 
c ylind r i c al c a s e  with eight heat r e j e ction fin s on the ext e r io r ,  and a c e ntral 
c avity to r e c eive the fuel capsul e .  The active el ement s are a hot fram e , a cold 
fr ame , and a thermoelectric  couple a s s embly.  The thermo e l e ctric  c ouple 
a s s embly is located between the hot frame , which sur round s the cavity ,  and the 
cold frame , which inte rfac e s  with the out e r  c a s e  and heat r ej e ction fin s .  

2 - 1 4 . E PS Fuel C apsule A s s e mbly ( F CA) . The fuel cap sule a s s embly i s  a thin 
walle d ,  c ylindrical - shaped structur e  with an end plate for mating an d lo cking in 
the fuel c a s k  and in the R TG. It  contain s the r adioi s otope fue l ,  plutonium ( Pu - 2 3 8 ) . 
enc apsulated to me et nu clear s afety c riteria .  

2 - 1 5 .  E PS Power Conditioning Unit ( PC U ) .  The functional element s of the PCU 
are r e dundant d e  voltage converter s and s hunt r egulator s ,  filt e r s ,  and two com 
mand control  amplifie r s .  The element s  are mount e d  in c o r dwood modul e s  that 
are int e r c onnected by printed cir cuit boards  and attached to the c ente r  and lower 
s e ctions of  the PC U c a s e .  

Shunt r egulator load and di s s ipative e lement s  ar e mounted i n  a pow e r  d i s s ipation 
module external to the c ent ral station along the back of s ubpacka g e  N o .  1 .  

2 - 8 
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Figure 2 - 7 .  Ele ctrical Power Sub sy stem 
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2 - 1 6 . E PS Fuel Cask. The cask is  u s ed to  transport the fuel capsule a s s embly 
from the Earth to the Moon. The fuel  cask is a cylindrical shaped structur e with 
a s c rew-on end cover at the top end. The cask provide s fuel c apsule  support 
elements and a fre e  radiation surface  for re jection of fuel capsule  heat .  The fuel  
cask  provides  r e - entry  prote ction in case  of  an  aborted mis sion. 

2 - 1 7 . E PS Leading Particular s .  The physical and electrical character is tic s of  
the electrical power subsystem are  given in Table 2 - 2 .  

T able 2 - 2 . Electrical Powe r  Sub s ystem Leading Particulars  

Component 

Radioisotope 
Thermoele ctric 
Generator 

Fuel Capsule 

Power Conditioning Unit 

Fuel Cask 

2 - 1 0  

Char acteristic 

Output power 
Output voltage 
Hot junction 

temperature ,  
lunar day 

Cold junction 
temperatur e ,  
lunar day 

Length 
Diameter  
W eight 

Length 
Diameter 

W eight 
Thermal output 

Nominal outputs 

V alue 

6 3  to 74 watts 
1 6 .  I + 0 .  5 vdc 

9 0 0  to 1 1 00 de  g.  F 

3 5 0  to  5 5 0  deg .  F 
1 8 .  1 2  inch e s  
1 6  inche s 
2 8  pounds maximum 

1 6 . 9 2  inche s 
2 .  6 inch e s  ( except 

end plate )  
1 5 . 46  pounds maximum 
1 4 3 0  to 1 5 20 watts  

+29 vdc at  1 .  1 9  amps 
+ 1 5  vdc at 0 . 0 8  amp 
+ 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 r egulation ±1 per c ent 

Length 8. 36  inche s 
Width 4.  1 4  inche s 
Height 2 .  94 inch e s  
W eight 4 .  5 pounds 

Length 2 3  in che s 
Diameter 8 .  0 inche s 
Weight 2 5 .  0 pounds nominal 
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2 - 1 8 . E PS F UNCTIONAL DESCRIPT ION 

The radio is otope the rmoele ctric  generator (R TG) supplie s + 1 6  volt s of primary 
power to the PC U as s hown in Figure 2 - 8 . Voltage conve r s ion c ircuits in the 
PCU c onvert the pr imar y powe r to  the s ix ALSE P ope rat ing voltage s .  The PC U 
starts automatically whe n  the r e  is  sufficient power for f ixed loads .  

FROM DATA 

S U B S YSTEM 

C ONTROL 

PCU 1 AND 2 

S E LECT 

POWER 

C ON D I T  I ON l N G  

U N IT 1--

A LS E P  

O PERAT I NG 

VOLTAGES 

C OMMA N D S  + 16 VOLTS r 
.......__ TEMPERATU RE 

VOLTAGE,  

C U R RENT 

S TATU S 

TO DATA 

S U B S YSTEM 
RAD I O I SOTOPE 

THE RMOE LfCTR IC 

GENERATOR 

F igur e 2 - 8 . Electrical Power Sub system, Functional Block Diagram 

A .  manual control switch is  provided as  a back -up signal to allow the astronaut 
to start the PC U .  PC U # 1  and PCU #2 select  commands from the data sub system 
activate control c ircuits that switch the redundant c ircuits of the PC U. 

Analog voltage s  from the R TG and PC U provide temperature ,  voltage ,  and 
curr ent status to the data  sub system. 

2 - 1 9 . EPS DETAILED FUNC T IONAL DESCRIPTION 

2 - 2 0 .  E PS Radioisotope Thermoelectric  Generator .  The operation o f  the RTG 
i s  illustrated in the block diag ram of F igure 2 - 9 . A radioisotope source ( fuel 
c apsule )  develops thermal energy that i s  applied to the hot frame ( inner case ) .  
The diffe r ence  in temperature between the hot fr ame and the cold frame causes  
the the rmoelectric  couple ass embly (thermopile )  to develop electrical ene rgy 
thr ough thermoelectric  action . The electric al energy produced by the thermopile 
provides a minimum of 6 3 watt s at 1 6  volts to the power  conditioning unit . 

Exc e s s  heat from the thermopile i s  conducted through a cold frame (outer case )  
to  a the rmal radiator (heat re jection fin s )  for dis sipation into the lunar environ 
ment .  This maintain s the cold frame at a lower temperature  than the hot frame 
so that thermoelectric  action is  maintained . 

T emperature s are monitored  at thre e  cold fr ame and at three  hot frame locations 
to provide six temperature signal s to the data sub system. 

2 - 1 1  
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ELECTR ICAL 

THERMOEIICTR IC ENERGY POWER 

C ONVERTE R HEADER 

EXCESS 
HEAT 

EXC E S S  

COLD HEAT THERMAL 

FRAME RAD IATOR 

COLD FRAME TEMPERATU RES 

HOT FRAME TEM PERATU RES 

-

r--

+ 16 VOLTS 
TO POWER 
C OND Il iON l NG 
U N IT 

LUNAR 
ENV I R ONMENT 

} TO DATA 
S U B S YSTEM 

F igure 2 - 9 .  E PS Pow e r  G ene r ation F un ction,  Block D i ag r am 

2 - 2 1 .  E PS Powe r  C o nditioning Unit . The powe r c onditioning unit perfo r m s  thr ee 
maj or function s :  

a .  Voltage c onve r s ion 
b.  Voltage r e gulation 
c .  R TG protection.  

The PCU c ontains r e dundant pow e r  c ondition e r s .  As shown in F igur e  2 - 1 0 .  e ach 
pow er conditioner con s i st s  of  a d e - to - d e  power conve rter  ( inve rter  and r e ctifier s ) ,  
whi ch conve rts  the R T G  1 6 - volt input t o  the s ix ope r ating voltage s ,  and a s hunt 
voltage r e gulator to maintain the output voltag e s  within appr oximately ± l o/o . The 
input voltage is al s o  r egulated by thi s action b e c au s e  of the fixed r atio c onve rte r .  
The PCU keeps a c on stant load o n  the g e n e r ator t o  pr e vent gen e r ator overheat ing . 

The + 1 6  volt s from the R T G  i s  applied through the swit c hing c ir cuit to the s ele ct e d  
d e -to - d e  converte r ,  applying pow e r  to the inverter a n d  c ompleting t h e  shunt 
r e gulation cir cuit . Applying pow e r  to the inve r t e r  permit s it to s upply a c  powe r to 
the r e ctifie r s  that develop the d e  volt a g e s  applied to the filte r s .  T he outpu t s  from 
the filter s a r e  the s ix oper ating volta g e s  applied to the d ata sub s y stem. Output and 
input voltage s are r e gulated by feedback f r om the + 1 2  volt output to the s hunt 
r egulator .  

The shunt r e gulator  c on s i s t s  of amplifier s in s i d e  the pow er c onditioning unit and 
r e s istor s in the powe r  d i s s ipation mo dule out side the c entr al station . W ith the 
re s i stor s outside the c entr al station , s om e  o f  the exc e s s  pow e r  i s  r a di at e d  to s p a c e  
a n d  do e s  n o t  c ontr ibute to c ent ral  station dis s ipation.  All t h e  input voltag e s  a r e  
r egulated b y  t h e  1 2  - volt feedback s i n c e  the y  a r e  coupled in t h e  output t r an sforme r .  
The + 1 2  volt i s  applie d  t o  the swit ching cir cuit for dete rmining o v e r  o r  unde r  
voltage and switching t o  the r e dundant inve rter  and r e gulator , i f  n e c e s s ar y. 

2 - 1 2  
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Separ ate filte r s  fo r e ach of the s ix de voltage s  are c ommon to the c o nv e r s ion 
r e gulation c ir cuit s .  The filt e r  output s ,  + 29 ,  + 1 5 ,  + 1 2 , + 5 ,  - 1 2 , and - 6  volt s ,  
a r e  all applied to the data sub s y stem. 

Analog volt ag e s  from the inve rte r s  provide t empe r atu r e  s ignal s .  Voltage s 
frmn the shunt r e gulato r s  pr ovide c u r r ent , r e s e rve powe r ,  and t empe r ature 
s ignal s .  The + 1 6  volt s at the input of the PC U provide a r e s e rve powe r  r ef e r e n c e .  
All o f  the s e  analog s ignal s ar e  applied  to the data s ub s ys tem for subcommutation 
into the telemetr y fr ame . 

2 - 2 2 .  DATA SUBSYSTEM 

The data subsystem i s  the fo c al point f o r  control  of A LS E P  experiment s and the 
c ollection,  pro c e s s in g ,  and t r an s mis s ian of s ci entific data and engin e e r in g  s tatu s 
d at a  to the M anned Spa c e  F light Network ( MSFN ) .  T o  ac compli sh the b a s i c  
fun ction s  o f  ( a) r e c eption and d e c od ing o f  uplink ( E arth -to -Moon)  c ommand s ,  
(b)  timing and control of expe r iment s ub s ystem s ,  and ( c ) the c olle ction and t r an s 
m i s s ion of d ownlink (Moon - to - E arth) s cie ntific and engin e e r ing d at a ,  the d at a  
sub s y s tem- c on s i st s  o f  a n  integr ation o f  unit s int e r c onnected a s  shown i n  F i g -
u r e  2 - 1 1 .  The uplink r e quir e s  the ante nn a ,  diplexe r ,  c ommand r e c eive r ,  and 
c ommand de c o d e r  component s of the d at a  s ub s ystem. The downlink r equi r e s  the 
d at a  pr o c e s s or , t r an smitte r ,  diplex e r  and antenna c omponent s .  The maj o r  
c omponents of the data sub s y stem a n d  a s s o c i ated functi o n s  a r e  listed in T able 2 - 3 . 

2 - 1 4  
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F igure 2 - 1 1 .  Data Sub s y stem , Simplified Block D ia g r am 
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T able 2 - 3 .  D at<!- Sub s y stem C omponent Fun ctions 

Component Function 

Antenna Provid e s s imultane ou s  uplink r e c eption and 
d ownlink t r an s mi s s ion of ALS E P  s ignal s .  

D ipl exe r switch Conne cts  e ithe r  t r an s mitt e r  to the anten na. 

D iplexe r filt e r  Conne c t s  r e c eiver input and transmitte r  output 
to the ante·nna. 

T r an s mitt e r  T r an smits Moon - to - E arth d ownlink signal s .  

C ommand r e c eiver A c c ept s E arth -to·- Moon uplink signal. 

C omma·nd d e c o d e r  D e co d e s  r e c eived c ommand s ignal s and i s sue s 
c ommand s to the s y stem. 

R e s ettable s olid state Provid e s timing s ignal s to initiate periodic 
tim e r  automati c functions ,  and switch o f f  t r an s mitter  

after 9 7 (± 5 )  d ay s .  R e s et b y  c ommand.  

D ata pr o c e s s o r  Colle ct s and format s s cientific data input s from 
the expe r iment s .  C olle ct s and converts analog 
hou s ek e eping dat a  into binar y  form. 

Power d i s t r ibution Cont r o l s  pow e r  swit ching and conditions 
engine e r ing status data .  

2 - 2 3 .  DATA S UB SYSTEM PH YSICAL DESCR IPT ION 

The d ata sub s y s tem c omponent s a r e  mounted on a 2 3 .  2 5 - inch by 2 0 - inch s e ction 
of the c entr al station the rmal pl ate .  F igu re 2 - 1 2  show s d at a  s ub s y stem 
c omponent l o c ation within the cent r al s tation . A pr e - formed harne s s  electrically 
c onne c t s  the component s .  The harne s s  i s  attached t o  e ach c omponent with a multi 
pin c onne cto r .  Pow e r  for  each unit and e l e c t r i c al s ignals a r e  conducted to and 
from e ach component via the harne s s .  Coaxial c able s connect  the c ommand 
r e c eiver and t r an smitte r s  to the diplexer switch and thence to the antenna. 

Oth e r  items in stalled within the c entr al s t ation include c entr al station t empe r a 
tur e  s en s or s ,  manual cont r ol switche s ,  t r an smitt e r  and r e c e iver heat e r s ,  central 
station ba ckup he

.
ater s,  and a c entr al station thermo s tat . F ive the r mal plate 

s en s o r s  a r e  pla c e d  throughout the c entr al station to monitor  engin e e r ing tempe r a 
tur e statu s dat a .  Manual c ontr o l  switche s a r e  provided a s  a b ackup to permit the 
a str onaut to s t art s y stem ope r ation in the event of uplink failur e .  

2 - 1 5  
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CE N T R A L  STATI O N  
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Figur e 2 - 1 2 .  Data Sub s ystem Component Loc ation 

The over all we ight of the data subs ystem is  a ppr o ximate ly 25 pound s and the 
power consumption is appr oximately 20 watt s . 

2 - 24 .  DATA SUBSYSTEM F UNC T IONAL DESCRIPTION 

Uplink command d at a  t r an s mitted from the MSFN i s  r e c eived by the data 
sub s y stem ant enna ,  r outed thr ough the diplexe r ,  d emodulat e d  b y  the c ommand 
r e c e iver , d e coded by the c ommand d e c od e r ,  and applied to the expe r iment and 
suppo rt sub s ystems as di s c rete c ommand s .  The d i s c r ete command s c ontr ol 
exper iment and suppo rt sub s y st em ope r ations and initiate c ommand v e r ific ation 
functions . T able 2 - 4  l i s t s  the uplink c omman d s  by sub s y stem t e r mination .  

Downlink data c on s i s t s  of  analog and d igit al data input s to the d at a  pr o c e s s o r  from 
the exper iment and s upport s u b s y s t e m s  in r e s pon s e  ·to periodic deman d s  from the 
d at a  pro c e s s o r .  S cientific input s to the d ata p r o c e s s o r  from the exp e r iment sub 
s y st em a r e  primarily in digital form. Engin e e r ing d at a  i s  u sually analog and 
c on si s t s  of s tatu s and hou s ek e eping data such as temperatu r e s and volt ag e s  which 

2 - 1 6  



ALSE P - MT - 06  

T able 2 � 4 .  ALS E P  C omman d s  

Command U s a g e  Numbe r  

Active s e i smic experiment 7 
Pa s s ive s e ismic exper iment 1 5  
H e at flow experiment 1 0  
M agnetornete r expe r iment 8 
Command de c od e r  2 
D ata pro c e s s o r  5 
Powe r  d i s t r ibution unit 2 7  
Pow e r  c onditioning unit 2 
T imer 1 

r eflect  operational statu s and envir onmental par amete r s .  The data pro c e s s o r  
a c c ept s  b.ina ry and analog data fr om the experiment and suppo rt sub s ystem s .  It 
gene r ate s timing and s yn chronization s ignal s ,  c onve r t s  analog data to digital form, 
format s  digital data ,  and pr ovide s data in the form of a s plit - pha s e  modulated 
s ig nal to the t r an s mitt e r .  The t r an s mitt e r  g e n e r ate s the downlink t r an smi s s ion 
c ar r i e r  and ph a s e  modulat e s  that c a r r ier with the s ignal from the data pro c e s s o r .  
T h e  t r an smitter  s ignal i s  s ele cted by the diplexe r switch and r outed t o  the antenna 
for downlink transmi s s ion to the MSFN .  

F igure 2 - 1 3  shows a fun ctional 
with other A LSEP sub s y stem s .  
mitter , r e c e ive r ,  and portion s 
improve s y stem r eli ability. 

diag r am of the d ata s ub s ystem and it s interfa c e s  
R edundant channels  a r e  provided f o r  the t r an s � 

of the c ommand de coder and data pro c e s s o r  to 

The uplink t r an smi s s ion from MSFN i s  a 2 1 1 9  M H z  R F  c a r r i e r  which i s  pha s e  
modulated .with a c ompo s ite audio s ignal.  T h e  c ompo s ite audio s ignal i s  l ,  000 bps 
N R Z  c ommand dat a  bi - pha s e  modulat ed on a 2 KHz data ton e ,  to whi ch a l KH z 
s yn ch r on i z ation tone i s  added l in e arly.  The c o mmand r e ce iver demodulat e s  the 
c ar r i e r  and pr o vide s  the c ompo s ite 2 K H z  and 1 KHz sub c a r r i e r  to the c ommand 
de c ode r .  The c ommand de coder demodulato r s e ction det e c t s  the 2 KHz c ommand 
dat a  s ub c ar r i e r  and a 1 KHz timing s i gnal and appl i e s  both to the r edundant digital 
d e c od e r  s e ctio n s  ( A  and B) of  the comm and d e c ode r .  The digital de coder s e ction s 
identify c o r r e ct addr e s s  code s ,  decode the digit al data c ommand s ,  i s sue c ommand 
v e r ifi c ation s ignal s to the dat a  p r o c e s s o r ,  and apply command s i gnal s to the 
appropr i ate expe r iment and suppo rt subs ystems . 

The c e nt r al station time r provid e s timing s i gnal s to the c ommand de coder delayed 
c ommand s equen c e r  whi ch are u s ed to initiate a s e rie s of delayed c ommands to 
a ctivate c e rtain s y stem oper ation s .  The s pe c ific fun ctions of the delayed 
command s are dis cu s s e d  in the detailed c ommand de coder paragr aph. 

2 - 1 7  
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Analog s ignal s from the ALSE P expe r iment and suppo rt subs ystems a r e  applied 
d ir e ctly to the analog multiplexe r / c onve rter o r  ind i r e ctly through the s ig n al 
c onditioning s e ction of the powe r  d i s t r ibution unit to the analog multiplexe r /  c o n 
verte r .  The dual 9 0 - channel analog multiplex e r  (X  and Y )  g at e s  the analog input s ,  
one pe r f r ame , t o  the r e dundant analo g -to - digital c onvert e r s .  The digit al output s 
from the anal o g -to - digital c onverte r s are applied t o  r edundant digital data 
pro c e s s o r s ( X  and Y )  along with digit al dat a  from the c ommand d e c od e r  and the 
expe r irnent sub s ystem s .  

The digital dat a  pro c e s s o r  gener ate s timing and contr ol signal s  for u s e  throughout 
the s y stem and fo rmat s the s c ientific and engin e e r ing data from the expe r iment s 
and sub s y stems for downlink t r an s mi s sion.  R edundant trans mitt e r s  ( A  and B )  
r e c eive t h e  P C M  s ignal from the d at a  pro c e s s o r s .  A d iplexer switch conn e c t s  
the t r an s mitter  i n  u s e  to the ant enna f o r  downlink t r an smis s ion t o  Earth . 

2 - 2 5 .  ANT ENNA ASSEM B LY DESCR IPT ION 

The antenna is a modified axial helix d e s igned to r e c eive and transmit a r ight 
hand c ir cularly polar ized S - B and s ignal . Thi s antenna type was s e l e cted b e c au s e  
i t  h a s  a r el atively high g ain o v e r  a m o d e r ately nar r ow be amwidth. 

2 - 2 6 .  Antenna Phys i c al D e s c r iption . The antenna c o n s i s t s  of a coppe r c o ndu ctor 
bonded to a fib e r g la s s - e poxy tube for m e c hanic al support .  F i gure 2 - 1 4  show s the 
antenna.  The helix is 2 3  inche s in length and l - l / 2 inche s in diamet e r .  A 5 - inch 
g r ound plane with a 2 - inch wide c ylind r i c al s kirt i s  attached to one end of the h elix 
and fun ction s a s  a wave l auncher for the electromagnetic wave in the t r an s ition 
f r om c o axial t r an s mi s s ion line mode to the helix mod e .  An imped an c e  matching 
t r an s former i s  lo c at ed at the antenn a feed point to match the high e r  impedan c e  of  
the helical antenna to the 5 0 - ohm coaxial t r an s mi s s ion line . The weight of the 
antenn a .  inc luding c able s ,  i s  l .  2 8  pound s .  

The enti r e  ante nna i s  c o ated with a whit e ,  r efle cting the rmal paint for thermal 
prote c tion during the high tempe r atur e  r ang e of lunar day. Antenna l e ading 
part icula r s  are listed in T able 2 - 5 .  

2 - 2 7 .  Ante nna F un ctional D e s c r iption.  The antenna r e c eive s command s ignal s 
from Earth on a f r equen cy of 2 1 1 9  M H z  and t r an s mit s telemet r y  d at a  on a s ele cted 
f r e qu e n c y  within the f r equen c y  b and of 2 2 7 5  MHz to 2 2 8 0  MHz . Antenna gain i s  in 
the o r d e r  of 1 5 .  2 db and the b e amwidth is suffic iently broad to c o v e r  the E arth at 
all time s .  

2 - 2 8 .  Ant enna Aiming M e c hani s m  - The antenna will be pointed to the E arth by 
means of th e antenna aimin g me chani s m .  T h i s  mechani sm is a two - gimbal 
s ystem whi ch po s itions the antenna in a zimuth and ele vation . The a zimuth is s et 
in r e f e r e n c e  to a sun shadowgraph and the el evation i s  s et in r eferen c e  to a 
cir cular bubble level to po s ition the ant enna to a predete rmined angle in ele vation 
and az imuth . The az imuth and s un - shadow ad ju stments are on a c ommon axi s .  
The sun shadow adju stment , the azimuth angular adju stment, and the ele v ation 

2 - 1 9  
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Figur e 2 - 1 4. Antenna and Aiming Me chanism 
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T a bl e  2 - 5 .  Antenna L e ading Particul a r s 

Char a ct e r i stic  T r an s mit R e c eive 

G ain·:, 

on b o r e  s ight 1 5 .  2 db 1 4 . 7 db 

b e arnwidth at 1 1 .  0 db g ai n  3 6 ° 

be arnwidth at 1 1 .  5 db g ain 3 3° 

Axi al r atio l .  3 db l .  0 db 

Input VSWR l .  2 0 : 1 l .  2 0 : 1 

Sid e l o b e  l e v e l  - 1 1  db - 1 1 . 3 db 

! 

· :' Antenna gain i s  r ef e r e n c e d  t o  a r ight h and c i r cularly polar i z e d  i s ot r opic l e ,· c l  
and d o e s  not include c o axial lo s s  which i s  typic all y l .  1 d b .  

angular adju stm ent a r e  s et b y  thr ee s e par ate 7 2 :  l worn1 and whe el g e a r s g 1v11H ; a 
r an g e  of + 1 5 ° .  + 9 0 ° . and + 5 0° ,  r e s pe c tively .  The c i r cular bubble level i s  s et b y  
two s e r e; adju ;;-tmen t s  gi;:;-ing a r an g e  o f  .:±:_6° from the h o r i z ontal with a s en s itivity 
o f  1 o per r e volution o f  the ad j u stment h andle . The antenna aiming p r o c e d u r e  i s  
d e s c r i b ed i n  detail i n  Se ction I V .  

T h e  antenna and aiming n1e ch a ni s m  a r e  stowed s epa r ately o n  the A LS E P  and the ir 
i nt e r f a c e  i s  a qui c k - a ction conne c t i o n .  The two part s are held togeth e r  b y  s p r in L; 
l o a d e d  b all s o n  th e ain1in g m e c hani s m  b e ar in g  on the low e r  f a c e o f  a g r oove c ut 
into an ext e n d e d  m ale po st  o f  the g r ound plan e .  A 3 - in c h  d iamet e r  flan g e  o n  the 
aiming m e c h an i s m  butt s against  the unde r s ide o f  the g r ound pl ane to m aint ain 
stability.  

2 - 2 9 .  D AT A  S U B SY ST EM D I P L E X E R  

T h e  d i pl exe r c o n s i s t s  of t h e  d i pl exer filt e r  a n d  t h e  diplexer c i r cular s w it c h .  

2 - 3 0 .  D at a  Sub sys t e m  D ipl ex e r  Phys i c al D e s c r iption.  T h e  d iplexer filt e r  and 
c i r c ul ato r switch a r e  s hown i n  F i gu r e s  2 - 1 5  and 2 - 1 6 ,  r e s pe ctivel y .  F ig u r e  2 - 1 1  
s how s a d i a g r am o f  the c i r culat o r  s w it c h .  T h e  diplexer filt e r  c ontains a t r a n s mit  
f r e qu e n c y bandpa s s filt e r , a r e c ei v e r  f r equen c y  b andpas s fil t e r  and a c ommon pa t h  
a nt enna lowpa s s filt e r .  The thr e e  filt e r s  a r e  c o upled at a c ommon j unction at t h e  
end o ppo s it e  t h e  c i r c ulator sw i t c h .  r e c e i v e r ,  a n d  ant e nn a  port s .  T h e  input a n d  
output conne c to r s  a r e  miniatu r e ,  c o axi al . r ig ht - angle  c o nn e c to r s  made o f  gold 
plat ed stainle s s  s t e e l .  M at ching impe d an c e  f o r  the antenna,  t r an smit and r c c c i\' e 
c o n n e c to r s  i s  5 0  ohm s .  Leading particul a r s o f  the d iplex e r  filte r ar e l i sted in 
T able 2 - 6 .  

2 - 2 1 
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F igur e 2 - 15 .  Data Sub system Diplexer F ilter 

Figur e 2 - 16.  Data Subsystem Diplexe r Switch 
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T able 2 - 6 .  Data Sub s y s tem Diplexer F ilt e r  Le ading Particula r s 

Char acteri stic I V alu e 

R e ceiver  path ( in c lude s band - pa s s an d low - pa s s  filt e r )  

In s e r tion lo s s  1 .  3 0  db 
VSWR 1 .  1 0 : 1  
C ente r  fr equency 2 1 1 9  MHz 
M ax 3 db bandwidth 1 1 . 0 MHz 
Min 3 db bandwidth ! 1 1 .  0 MHz 

T r an s mitte r  path ( includ e s  band - pa s s  and low - pa s s  filte r )  

In s er tion l o  s .s 0 .  7 0  db 
V SWR 1 .  1 0 : 1 
C ente r  f r equen c y  2 2 7 5 - 2 2 8 0  M H z  
M ax 3 db b andwidth 45 M H z  
M in 3 d b  bandwidth 4 .  5 MHz 
Pow e r  handling c apability 2 0 .  0 watt s 
We ight 0 .  9 pound s 
F o r m  facto r 6 .  8 X 2 ,  5 X 2 .  5 in che s 

2 - 2 3 
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The diplexer swit ch c on s i s t s  o f  thre e  c i r c ulato r s ,  two load s ,  and thre e  ext e rn al 
port s .  T he cir culat o r  u s e s  c o ppe r - clad diele ctri c  board stripline te chniqu e s .  
The input and output c onne c to r s  c on s i st o f  thr e e  r ight angle c o nne ctor s :  one for 
the inter conn e cting line to the diplexe r filte r  s e ction,  and one each to the two 
transmitt e r s .  Two s older terminal s a r e  provided f o r  the ±1 2 volt switching powe r .  
Le ading particular s o f  the diplex e r  switch a r e  listed i n  T able 2 - 7 .  

T able 2 - 7 .  Data Sub s ystem D iplexe r  Switch Leading Particular s 

Char acte ri stic  V alue 

In s e rtion lo s s  0 .  5 db 
VSWR 1 . 1 4 : 1 
C ente r  frequency 
I s olation for 3 db bandwidth (4 M H z )  
Switching voltage 
D C  pow e r  ( po s ition B )  
D C  pow e r  ( po s ition A) 
Switching time 
RF powe r  c apability 
W e ight 
Stray magneti c field ( steady- stat e )  
F o rm factor 

3 0 - 4 0  db 
1 2  vdc 
1 5 0  MW 
0 
1 20 milli s e c ond s 
I .  5 watt s 
1 .  2 8  pound s 
1 0  g amma at 3 feet 
4 x 4 .  5 x 1 .  3 inch e s  

2 - 3 1 .  D ata Sub system D iplexe r Functional D e s c r iption. The b andpas s  filte r  for 
the t r an s mit and r e c eive arms of the diplexer filt e r  c o n s i s t  of five element s 
c oupled to provide the attenu ation r e quired at the t r an s mit fr e quencie s ,  r e ce ive 
f r e quencie s ,  imag e ,  and l o c al o s c illat o r  and t r an s mitte r  s puriou s fr equencie s .  
The low - pa s s filte r  i s  an unbalan ced ladd e r  filte r  int ended to augment the t r an s 
mitt er bandpas s  filt e r  in s uppr e s s ing the above - c ente r - fr equen c y  s pu r iou s t r an s 
mitter output s .  The diplexer cir culator swit ch a s s embly c oupl e s  the s elected 
transmitt er (A o r  B)  thr ough the diplexer filte r  a s s embly to the antenna. The 
switch al s o  provide s i s ol ation protection to the transmitt e r s and c onne cting equip 
ment from open s ,  sho rt s ,  o r  s imultaneou s t r an s mitt e r  antenna feed.  The 
c i r culat o r  switch i s  r eve r s ible to s e r ve as a t r an s mitt e r  s ele ctor switch and 
r e qui r e s  a + 1 2  vdc s ignal to swit ch th e b a ck - up transmitte r  into oper ation. 

2 - 3 2 .  DATA SUBSYSTEM COMMAND R E CE IVER 

The c o mmand r e c eiver demodulate s the uplink c ommand dat a  s ignal from the 
MSFN. It applie s  a c ompo s it e  audio c ommand d ata s ignal to the c ommand d e c o de r ,  
and supplie s analog engin e e r ing statu s dat a  t o  the d at a  pro c e s s o r  analog mult i 
plexer I c onverte r .  

The uplink s ignal i s  compr i s ed o f  a 2 1 1 9  M H z  c ar r ie r  which i s  pha s e  modulated 
b y  the c ompo s ite audio s i gnal, which is 1 ,  0 0 0  bps NR Z c orrunand data hi- pha s e 
modulated on a 2 KHz data tone . A 1 K H z  s ynchroni z ation tone i s  linearly added 
to the 2 KH z  data ton e .  The 1 KHz tone powe r  is e qu al to the 2 KH z  tone power .  
The two tone s a r e  in pha s e  at the z e r o  voltage e r o s  s ing for a l o g i c  I ,  and 
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are 1 8 0° out of phas e  at the zero  voltage c r o s sing for a logic 0 .  The r e c eive r  
demodulat e s  the uplink signal to provide the compo site audio signal (hi-phas e  
modulated 2 KHz data tone and a 1 KHz s ynchroniz ation tone)  to the command 
decoder .  

The r e c eive r i s  compris ed of two r e c eive r  s e ction s which have a common input 
and output interface .  Both r e c eive r  s e ctions are powered s imultaneo1.1s ly and are 
fully ope r ational. The output of receiver s e ction A is applied to the interface when 
the 1 KHz synchroniz ation tone is detected in its output. Abs ence of this tone 
c au s e s  the output of r e ceiver s ection B to be s elected. 

2 - 3 3 .  Data Subsystem Command Receive r Physical D e s cription. The configuration 
of the command de coder is shown in F igur e  2 - 1 8 . It is compri s ed of four modular 
a s s emblie s mounted in a hou s ing a s s embly. The cha s sis of the a s s emblie s  and 
the housing ar e machined aluminum structure s  which provide isolated chamber s  
and mounting facilitie s for cir cuit component s and component boards . The 
r e c eiver make s extensive u s e  of linear integrated cir cuit s .  Each r e c eiver s e ction 
is comprised of two modular a s s emblie s .  The two r e ceiver s e ctions ar e identic al .  

The uplink s ignal interface is  through an RF conne cto r .  All other interface s  are 
thr ough a 3 8 -pin conne cto r .  The r e c eiver leading particular s ar e listed in 
T able 2 - 8 .  

NOTE 

Receiver capabilitie s not u s ed in the Apollo 1 6 ALSEP are not 
de s cribed .  

F igur e 2 - 1 8 . D ata Sub system Command R eceiver 2 - 25 
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Table 2 - 8 .  Data Subsystem Command R e c e iver Le ading Particular s  

Charac teris tic Value 

Input Frequency 
Input impedanc e 
Input s ignal level 
Input VSWR 

2 1 1 9 MHz (± 2 1 . 1 9  KHz ) 
5 0  ohms at  2 1 1 9 (± 5 )  MHz 
- 6 0  to - 9 2  dbm 
1 .  5 : I max at 2 I I  9 ( ± I ) MHz 
2 .  O : I max at 2 1 1 9 (± 5 )  MHz 

Noi se  figure  '!'8db each  r ec eive r 
Loc al o s c illator fr equency stability ± 0 .  0 0 2 5 o/o/2 yrs  
Fir st  inte rmediate fr equency I 2 l . 7 MHz 
Sec ond inte rmediate frequency  1 0 . 7 MHz 
IF bandwidth '!'480 KHz at 3 db 

Audio dis tortion 
Audio pha se shift 

(between 1 KHz and 2 KHz ) 
Audio output level 

Output polar ity 
Output load impedanc e 
Output noise  bandwidth ( nominal) 
Output signal - to- nois e  ratio 

Supply voltage 
Supply powe r 

Teleme try outputs 

Te st  points 
We ight 
Form fac tor 

'!' 3 MHz at 70  db 
< ± 5 .  Oo/o 
± 6 o max ( ± 1 6 .  7 fl. s e c )  

5 volt s p - to - p  ( ±  20o/o )  for input s ignals 
of - 6 0  to - 9 2  dbm 
+ voltage for - pha s e  shift or input 
>22K ohms (ac  c oupled )  
1 00 Hz to 10  KHz 
20 db minimum at input s ignals above 
- 9 2 dbm 
+ 1 2  vdc ( +l o/o, - 3 % ) 
1 .  80  watts maximum { 7 5  rna on each of 
two supply line s )  
+0 . 2 to +4 .  8 vdc 
a )  Input signal level A 
b )  Input s ignal level B 
c )  Powe r A 
d )  Powe r B 
e )  l KHz subc arr ier  pres ent A 

':' ( 1 0 0  Hz bandwidth )  
f )  1 KHz subc arrier  pr e s ent B 

':' ( 1 00 Hz bandwidth )  
g )  T emperature  ( c a s e )  
R edundancy switchove r 
2 . 6 pound s 
2 .  8 inches  in  he ight 

':' A de sign charac te r i s tic - not a spec ification requirement 
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2 - 34 .  D at a  Sub system Command R e c eive r  Fun ctional D e s c r iption. Functionally ,  
the comm and r e c e ive r i s  c ompr i s ed o f  two r e dund ant r e c eive r s  which share 
common interfa c e /  cont r ol c ir cuit s as illu str ated in Figu r e  2 - 1 9 . The 2 1 1 9  MHz 
pha s e  modulat e d  c ar r i e r  uplink s ignal is r e c eived by the c entr al station antenna,  
c oupled through the diplexe r ,  and applied to the command r e ce ive r RF coupl e r .  
T h e  c oupl e r  i s  a s t r ipline hyb r id whi ch applie s the uplink s ign al t o  both r e c eive r 
s e ctio n s .  

T h e  uplink s ignal i s  p a s  s e d  thr ough a low - pa s s filt e r ,  coupled through a tuned 
3 - pole pre - s el e cto r ,  and applied to the fir st mixer .  The fir st mixer is a stripline 
hybrid which mixe s the uplink signal with a 1 9 9 7 .  3 MHz c r ystal - c ontr olled local 
o s cillator s ignal to produce a 1 2 1 . 7 MHz fir s t  IF s ignal. The IF s ignal is  ampl i 
fied and applied through a 3 - stage I F  b andpa s s  filte r  to the s e c ond mix e r . The 
s e c ond m ixe r is an int e g r ated cir cuit whi ch mixe s the 1 2 1 .  7 MHz fir st IF s i gnal 
w ith a 1 1 0 .  9 MHz c r y st al - c ontrolled l o c al o s cillator s ignal to produc e a 1 0 . 7 MHz 
s e c ond IF s i gnal. 

Tlfe 1 1 0 .  9 M Hz lo c al o s c illator I amplifier output i s  in c r e a s ed in f r e quency to 
1 9 9 7 . 3 MHz by a multipl y - by- 1 8  fr equen c y  multiplie r ,  and c oupled through a 
2 - pole tuned filter to the f i r st mixer to d evelop the fir st IF . The lo c al o s cillator 
output is applied d i r e ctly to the s e c ond mixer to d e velop the s e c ond IF . 

The s e cond IF s ignal i s  applied thr ough a 5 - stage IF bandpa s s filte r  to the s e c ond 
IF amplifie r .  The amplifie r output i s  s ampl e d  by the AGC detector to develop the 
AGC feedback volt ag e .  Thi s voltage i s  al s o  applied to the interface  a s  a signal 
l evel  telemetry s ignal to  provide engin e e r ing data r e g ar ding the r e c e ived s ignal 
c a r r i e r  level.  The amplifier output is applied to the fir s t  d i s c r iminator whe r e  it 1 s  
demodulated . The compo s ite 2 KHz d ata sub c a r r ier and l KHz s ynchroniz ation 
sub c a r r i e r  s i gnal is applied through the limite r  and the final audio amplifie r  to the 
audio s ele ctor for output . The c ompo s ite r e c e iv e r  output s i gnal char acte r i s ti c s  
a r e  shown in F igure 2 - 2 0 .  

The aud io amplifi e r  output i s  s ampled by the 1 KHz tone detector  to develop a 
command s i gnal pr e s ent volta g e .  The r e ce iver A signal i s  applied to the audio 
s el e ct o r  as a c ont rol s ignal , and i s  output as a telemetry s ignal . The r e c eiver B 
signal i s  output dire ctly as a telemetry s ignal.  

The audio s e le ctor r e c e ive s the aud io output s from both r e c e iver s e ctions A and B ,  
and applie s one of the s e  audio s i gnal s to the command d e c o d e r . The s ele cted audio 
output is from r e c eiver s e ction A when the " c ommand s ignal pr e s ent A" s ignal i s  
p r e s ent . The ab s ence of thi s  s ignal c aus e s  the audio output f r om r e c eiver s e ction 
B to be s el e c te d .  

T h e  powe r line i s olator provi d e s  redundant s e r i e s  r e gulator c i r cuit s ,  e ach o f  
whi ch r e c e ives  + 1 2  V D C  from the PDU ,  and supplie s + 1 1  V D C  operating power to 
it s c o r r e s ponding r e c eiver s e ction. E ach oper ating powe r  line is monit o r ed for 
engin e e r ing data . .  The tempe r atur e  o f  the r e c e iver c a s e  is monit o r ed by a the r m 
i st o r  f o r  engin e e r ing data. The enginee r ing d at a  mea surement s are supplied to 
the multi plex e r  I conve r te r .  

2 - 2 7 
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2 - 35 .  DAT A  SUBSYSTEM COMMAND DECODER 

The command decoder r eceive s the combined 2 KHz command data sub c ar rier and 
1 KHz synchronization s ignal from the command rec eiver ,  demodulate s the sub 
carrier to provide digital timing and command data,  decode s the command data, 
and applie s the dis cr ete command s requir ed to control ALSEP operations .  

2 - 36 .  Data Sub system Command Decoder Physical D e s cription. F igur e 2 - 2 1  

shows the command decode r .  Multilayer printed cir cuit boards are u s ed through

out the command decoder .  The unit contains four 1 2  - layer boar d s ,  four six-layer 

boards,  one three -layer board, and one two -layer board. Leading particular s of 

the command de coder are listed in T able 2 - 9 .  

F igure  2 - 2 1 .  D ata Sub s y stem Command Decoder 

T able 2 - 9 . D ata Sub s y stem Command D e coder Leading Particular s 

Char acteristic Value -

Height 2 .  8 inche s 
Width 4 .  8 1  inche s 
Length 6. 2 5  inche s  
Weight 2 .  7 pounds 
Power Consumption Le s s  than 1 .  4 watts 

2 - 30 
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2 - 3 7 .  D at a  Sub sys t e m  Command D e c o d e r  Fun ctional D e s c ription.  The command 
d e c o d e r  con s i st s  of  a dem odulator s e ction and digital d e c o d e r s e ction s .  Fig -
ure 2 - 2 2  i s  a fun ctional block diag r a m  of the c ommand d e c o de r .  

The d emodulator a c c ept s the compo s ite audio s ub ca r ri e r  from the c ommand 
r e c eiv e r .  The c ompo s it e  audio sub c ar r i e r  is the linear sum of the d at a  and s yn 
chroniz ation sub c ar rie r s ,  whe r e  the 2 KHz d at a  s ub c ar rie r i s  b i - pha s e  m odul ated 
by a 1 0 0 0  bit pe r s e c ond d at a  str e am and the s yn chroni z ation s ignal i s  a 1 KHz 
s ub c ar r ie r . The dem odulat o r  i s  divided into thr e e  s e ction s : the s ync dete ction 
s e ction , the d at a  d et e c tion s e ction , and the thr e shold d et e ction s e ction. 

A voltage c ontrolled o s cillator pha s e -lock - loop in the s yn c  d ete ction s e ction 
e s tabli she s bit s ynchroni z ation by c ompar ing the 1 KHz input with a 1 KHz r e fe r 
e n c e  signal . The filte r e d  sync pha s e  detector output i s  u s ed to contr ol the ope r a 
tion of  the o s cillato r .  Thi s t e c hnique e stablis he s pha s e  lock - on within 1 8  milli 
s e c o nd s afte r  the audio input i s  appl i e d .  S ynchroniz ed 1 KHz , 2 K Hz and 4 KHz 
s ignal s ar e applied to the digit al s e ction for sub - h it timing pur po s e s .  Each one 
milli s e c ond timing inter val c an be partitioned into e ight part s .  

D ata detection and extr action i s  ac compl i shed in the d at a  d et e ction s e ction h y  
c omparing the 2 KHz audio input with a s yn chronized 2 KHz r ef e r e n c e  s ignal.  
The data pha s e  d ete ctor output is fed to an int e g r ator and dumped at a 1 KHz 
r e petition r ate . M ark o r  s p a c e  d e c i s io n s  are sto r e d  in the d at a  flip-flop.  

The thr e shold fun ction indic at e s  s yn c  c a r r i e r  and l o c al o s c illator  pha s e - lo ck ,  
a n d  enable s the output of valid d at a .  It u s e s  a thr e shold pha s e  det e ct o r ,  an 
int e g r ator and a S chmitt t r i g g e r  c ir cuit . A thr e shold d e c i s ion i s  made within . 
2 0  milli s e c ond s aft e r  the audio input i s  applie d .  

The digital s e ction o f  the command de c o d e r  c o n s i s t s  
d e c o d e r  pr o g r amme r with an addr e s s  detector g at e ,  
parity check cir cuit r y ,  an e ight - stag e shift r e g i s te r . 
gate s ,  and a delayed c ommand s equenc e r .  

o f  a d e coder  c ont rolle r ,  a 
an addr e s s  memo r y  fli p - flop.  

1 0 0 command d e c o�ing 

To improve the r e l iability of  th e digital logic , r e dund ant sub s e ctions provide an 
alter nate path to de code a c ommand me s s a g e .  The s e  r edundant sub s e ction s a r e  
r ef e r r e d  to a s  A and B .  E a ch of the sub s e ctio n s  fun ctions  identically,  but the 
addr e s s  gat e s  r e s pond to diffe r e nt addr e s s  information . To fur the r improve the 
r eliability, the d e l ayed c o mmand s e qu e n c e r  provid e s  limited m e an s  of g e n e r ating 
c o mmand s in the event of  an uplink failu r e .  

F igur e  2 - 2 3  illu s t r at e s  the fun ctional flow chart o f  the command d e c o d e r  and 
d e pi c t s  the c omplete r outine s and s ub routin e s  f r o m  initiation through r e s et c y c l e .  

I n  t h e  normal (non - a ctive s e i s mi c )  mode , the s e r ial dat a  ente r s  shift r e g i s te r s A 
and B ,  and continually shift s thr ough the s e  r e g i s t e r s .  The d e c o d e r  r em ain s in 
thi s s e ar ch mode until a valid  addr e s s  h a s  b e e n  d et e cted b y  e ither one of the 
addr e s s  g ate s .  F o r  exampl e ,  if addr e s s  g at e  A d et e ct s  a valid addr e s s  c o d e  in 

2 - 3 1  
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s hift r e gi s t e r  A ,  it immediately s e t s  addr e s s  memor y  fli p - flop A which s imul 
taneously starts  d e c o d e r  pro g r anm1er A and inhibits add r e s s  g at e  B from r e s pond 
ing .  Afte r  s e ven timing period s ,  p r o g r amme r  A activat e s  parity c ompa r at o r  A 
which perfo r m s  a b it - b y -b it compari s on of the s even c ommand and s even c ommand 
c omplement b it s .  At the end of thi s  c ompar i s on ,  a parity che ck t ak e s  pla c e .  If 
c o r r e ct ,  the appropr iate c ommand d e code g ate i s  a ctivated for 20 millis e c ond s 
and a c ommand exe cute pul s e s et s  the fir s t  stage of shift r e g i s t e r  A to a one .  
This signifi e s  that a prope r command has been r e ceived. If parit y  doe s not check,  
the c ommand i s  inhibited and the fir s t  stage of shift r eg i st e r  A is s et to  z e r o .  

Normally a t  thi s tim e ,  shift r e g i s t e r  A contain s the s even bit command and the 
parit y  info rmation. This  information,  n amed the c o mmand v e r ific ation me s s ag e ,  
s tays in the r e gi s t e r  until the d at a  p r oc e s s o r  r eque s t s t r an sfer ( data demand)  o f  
thi s dat a .  A s  s o on a s  the t r an sf e r  t ak e s  pla c e ,  a master  r e s et sign al r etur n s  the 
c ommand d e c o d e r  to the s ear ch mode . Likewi s e ,  the c ommand ver ifi c ation 
m e s s ag e  is inhibited if the d at a  demand is not activated during the following two 
s e cond timing inter val. 

In cont r a s t  to the normal mode of ope r ation, the a ctive s e i s mi c  mode inhibit s the 
c ommand verific ation me s s age from r e a ching the dat a  pr o c e s s o r .  The c ommand 
de coder r e ceive s an active s ei s mic ON c ommand to o p e r ate in thi s mode and an 
a ctive s ei smic OFF comm and to o pe r ate in the n o rmal mode . The for e go ing 
d e s c r iption applie s equally to s ub s e ction B wheneve r addre s s  g ate B d et e ct s  it s 
own add r e s s . 

2 - 38 .  D ata C ommand s - Comman d s  a r e  t r an s mitted a s  a 6 1 -bit me s s ag e  with the 
following format :  

a .  P r e amble 

b. D e c o d e r  add re s s  
c .  Command complement 
d .  Command 
e .  T iming 

20 bit minimum ( all z e r o s  or all one s  fo r 
s yn chronization) 
7 bit s  ( s elects  d e c o d e r  sub s e ction) 
7 b it s  (for parit y  che ck)  
7 bit s  
2 0  b it s  ( all z e r o s  o r  all one s  - command 
exe cution inte r val ) 

The dem odulator s e ction achie v e s  phas e  and bit s yn chroniz ation dur ing the fir s t  
e ighteen timing bit s o f  the p r eamble and maintain s s ynchroni z ation dur ing the 
entir e c ommand timing inte r val . 

The 6 4 ,  3 2 ,  1 6 ,  8 ,  4 ,  2 ,  1 bin a r y  weighted code i s  u s ed t o  decode the s even - bit 
d e coder addr e s s  gr oup , the s even - bit command c omplement g roup, and the s even 
bit c ommand g roup. 

Seven addr e s s  bit s are u s ed to uniqu ely c ommand the A LS E P  s ys t em s .  E ach 
c ommand d e c o d e r  shall r e s pond to two addr e s s  c ode s ;  one fo r s e ction A and 
anothe r for s e ction B .  Addr e s s  code s have b e en a s s igned to the ALS E P  s ys t e m s  
a s  s pe c ifie d  in T able 2 - 1 0 .  

2 - 34 
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T ab l e  2 - 1 0 . ALS E P  Add r e s s  Code A s s ignment s 

Add r e s s  Code C o mmand 
D e c imal O ct al B inary D e c o d e r  

8 8  1 30 1 0 1 1 0 0 0  A 
24 3 0  0 0 1 1 00 0  B 

2 1  2 5  0 0 1 0 1 0 1  A 
5 3  6 5  0 1 1 0 1 0 1  B 

7 8  1 1 6  1 0 0 1 1 1 0  A 
1 4  1 6  0 0 0 1 1 1 0 B 

5 0  6 Z  0 1 1 0 0 1 0  A 
1 0 0  1 4 4  1 1 0 0 1 00 B 

The s ev e n - bit c ommand c omplement g r oup i s  t r an s mitte d  aft e r  the addr e s s  and i s  
followed with the s even - bit c ommand g r oup. T he command d e co d e r  perfo r m s  a 
bit - b y - bit parity che ck over the command c omplement and c ommand bit s .  A 
d e c o d e r  command i s  exe cuted if parity i s  c o r r e ct and i s  r ej e cted if inc o r r e ct. 

Twenty timing bit s are t r an s mitted to allow for a 2 0  milli s e c ond c ommand 
exe cution timing interval .  

T he con1mand d e co d e r  i s  c apable of  a c c e pting 1 2 8 diffe r e nt c ommand me s s age s 
and i s  d e signed to provide 1 0 0 c ommand s to ALSE P u s e r s .  All command code 
numb e r s exc e pt the following a r e  available to the u s e r s :  0,  1 ,  2 ,  4 ,  8 ,  1 4 ,  1 6 ,  
2 2 ,  2 4 ,  3 2 , 3 9 ,  4 1 ,  49  .. 6 3 ,  6 4 ,  7 8 ,  8 6 ,  8 8 ,  9 5 ,  1 0 3 ,  1 0 5 ,  1 1 1 ,  1 1 3 , 1 1 9 ,  1 2 3 ,  
1 2 5 ,  1 2 6 ,  1 2 7 .  

Provi s io n s  have been inc o r po r ated in the command de c od e r  to a c c ommodate a 
m aximum of 1 1 3  di s c r ete comman d s  whi ch have been allotted a s  follow s :  

a .  Expe r iment s 4 0  

b .  Pow e r  d i st r ibution 2 7  

c .  Power c onditioning unit 2 

d .  Data pro c e s s o r  5 
e .  Command d e co d e r  2 
f .  T imer 1 
g .  Available fo r te st  purpo s e s  1 4  

h. Not a s signed 2 2  

The c ommand de c o d e r  sto r e s  an e ight -bit c ommand verifi c ation me s s ag e  whi ch 
c on s i st s  of s e ve n  c ommand bit s and a parit y  bit. The c ommand verifi c ation 
m e s s ag e  is s ampl e d  by, and shifte d  to, the d ata pro c e s s o r  o n c e  every fr ame time , 
if a command h a s  b e en r e c eived.  

2 - 3 5 
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The c ommand word rate i s  l imited to approximatel y  one me s s age p e r  s e c ond 
during a DP normal mode of ope r ation and to approximately one me s s ag e  pe r two 
s e conds during the D P  s low mode of oper ation. 

No special r equir ement s exi st  for int e r command ope r ation. Lo s s  of s yn c hr oniz a 
tion b etween command s doe s  not affe c t  the oper at ion o f  the command d e c o de r .  

A l i st of the dis c r et e  c ommand s i s sued b y  the command de coder i s  pr e s ente d  in 
the Append ix. 

The c ommand de coder automat i c ally generat e s  s e ve n  one - time command s afte r  a 
1 44 - hour delay. The d el ayed c ommand functions and time of exe cution a r e  l i sted 
in T able 2 - 1 1 .  A flow chart of delayed c ommand s equen c e s  is  s hown in F ig -
u r e  2 - 24 .  

Monitoring c i r cuits provide telemetr y  dat a  t o  the data pro c e s s o r  o n  the status  of 
command d e code r int ernal,  bas e and demodulat o r  o s c illat o r  t emper atur e s .  

Command 

5 9  
6 9  
7 5  
7 2  
8 2  
7 1  
7 2  
8 9  

4 2  

T able 2 - 1 1 .  D at a  Sub s y stem D el ayed Command Functions 

Function T ime of Exe cution 

Uncage PSE 1 44 hou r s  + 2 minut e s  
Not u s e d  I I  

I I  I I  

I I  1 44 hou r s  + 3 minute s 
I I  1 44 hour s + 4 minute s  
I I  I I  

I I  1 44 hour s + 5 minut e s  
M agnetomete r  flip c al ib r at e  1 6 2  hour s + 1 minut e ,  

then e v e r y  1 8  hou r s 
R e store  power to low e s t  1 6 2  hour s + 7 minute s ,  
p r io r ity experiment then every 1 8  hour s 

2 - 39 .  DATA SUB SYSTEM R ES E T T A B LE SOLID STATE T IM E R  

T h e  r e s ettable solid stat e  timer i s  u s ed to provide t iming s ignals to the c ommand 
d e code r ,  to initiate backup automatic  command functions ,  and to provide aut o 
matic  t er mination o f  A LS E P  t r an s mi s s ion i n  c as e  of lo s s  o f  command uplink. 

The timer generat e s  it s own r e s et s ignal upon initial appl i c ation of + 1 2  vdc pow e r  
f r o m  the P C U  so that i t  will begin it s c ount at z e r o .  I t  will r etain it s c ount during 
approximately 3 0  s e conds of power lo s s .  It s output s a r e  1 - minute ,  1 8 - hou r , and 
1 .  5 - month timing and t el emetry signal s ,  and a 9 7 (±.5 )  - day t r an s mitt e r  off s ignal . 
A timer r e set  command from E arth will r e s et the tim e r  c ount to z e r o  to initiate 
an additional 9 7 (_±.5 ) - day ALSE P t r an s mi s s ion per iod . 
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POWER RESET 

C I RCUIT ACT IVATED 

RESET DELA YEO 
COMMAND 

SEQUENCER 

PULSE SHAPE AND 
ROUTE TO PDU 
AND PSE 

18 HR T I MER 
OUTPUT 
P RESENT 

144 HR 
ELAPSED 

RECOGN IZE  PULSE 
SHAPE AND ROUTE I 
M I NUTE T I MER OUT
PUT TO 8 M I N  COUNTER 

ALSEP-MT-06 

N O  144 H R + 2 M I N  
ELAPSED 

I .  ACT IVATE COMMAND NO.  59 TO UNCAGE P SE 

2. ACT IVATE COMMAND NO. 69 I NOT U S E D !  

3 .  ACT IVATE COMMAND NO. 7 5  I N O T  U S E D !  

NO 

UGEND: 

144 HR + 3 M I N  
E LAPSED 

YES <> DEC I S ION PO I NT 

D ACT I ON TO BE TAKEN 

ACT IVATE COMMAND NO. 72 
I NOT U S E D !  

NO 144 HR + 4 M I N  

ELAPSED 

I .  ACT I VATE COMMAND NO. 71 
I NOT U SEDI 

2.  ACT IV ATE COMMAND NO.  82 
I NOT U S E D !  

N O  1 44  HR + 5 M I N  
E LA P S E D  

ACT I VATE COMMAND N O .  72 
I NOT U S E D I  

NO 144 + 18 N H R  + I M I N  
ELAPSED 

ACTIVATE C OMMAND NO. 89 
MAGNETOMETER FL I P  CAL COMMAND 

NO 144 + 18 N HR + 7 M I N  
ELAPSED 

ACTIVATE COMMAND NO. 42 
TO PDU TO RESTORE POWER 
TO LOWEST PR IOR ITY EXPE R I MENT 

REPEAT C YC LE 

Figur e 2 - 24. Data Subs yst e m  Delayed Command Seque nc e, 
Functional Flow Chart 
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The t ran smitter off s ignal i s  i r r e v e r sible i n  that it i s  g en er at e d  b y  a ct ivation of 
a non - r e s ettable r e l ay. The uplink t r an s mitte r  pow e r  cont r ol c omman d s  C D - 2  
and C D - 3 ( r efer t o  T able 1 ,  Appendix B )  will r em ain effe ctive even though thi s 
time r - gen e r at ed signal has  been a ctivated.  

2 - 4 0 .  R e s ettable Solid State T im e r  Physi c al D e s cr iption. The r e s ettable s olid 
state tim e r  ( F igur e  2 - 25 )  cons i st s  of thr e e  cir cuit boards hou s e d  in an aluminum 
c a s e approximately 2 .  8 inche s high, 1 .  4 inche s wide , and 2 .  2 inche s lon g .  
Electric al conne ctions ar e made through a 3 7  - pin conn e ct o r .  M aximum weight 
of the unit is 7. 3 ounc e s .  

2 - 4 1 .  R e s ettable Solid Stat e  T im e r  F un ctional D e s c r iption. F igur e  2 - 26 is a 
functional blo ck diagr am of the r e s ettable s olid stat e  time r .  An o s c illat o r  
g ener ated 1 6 ,  384 Hz (±5% )  clock i s  divided down to d r i v e  two p a r allel 2 8 - bit 
r ipple c ount e r  divider chain s at a 1 - s e cond r at e .  The c ount of d ivide r  chain no . 1 
i s  de coded to gener ate the 1 -minute and the 1 8 - hour timing s ignal s which a r e  
applied t o  the delayed comm and s equenc e r  of the command d e coder .  

The thr e e -month output (bit 2 3 )  of e a ch of the divider chains i s  u s e d  t o  d r ive the 
t r an smitte r  turn - off r elay,  while ensuring that a pr ematu r e  tur n - off doe s not 
o c cu r .  Oper ation of the r elay applie s a t r an s mitter - off s ignal to the t r an s mitte r  
o n /  off r elay in the PD U .  Applic ation of the tim e r  r e s et command a t  any time 
prior to r elay ope r ation will r e s et the c ount e r s to z e r o  to extend t r an s mitte r  
oper ation for a thre e  month period.  

The 1 .  5 month c ount (bit 2 2) of e a ch of the divider chains ,  and the 1 8  hour c ount 
a r e  applied to the data pr o ce s so r  analog multiplexer for downlink telemetry.  

2 - 4 2 .  DATA SUBSY STEM DATA PRO C E SS OR 

The d at a  pro c e s so r  ac c ept s analog engin e e ring status d at a  and digit al s ci entific 
exp e riment and status dat a  f r om the exp e r iment s and d at a  subs ystem. It conv e r t s  
t h e  analog input s to digit al valu e s ,  and p ro c e s s e s  the digital dat a  i n  1 0 - bit wor d s .  
I t  formats the 1 0 - bit d at a  wo r d s  into a 6 4 -wo r d  f r am e ,  9 0 - f r am e  s equen c e  
t elemetry format . The d at a  i s  split - pha s e  modulated and supplied t o  the dat a  
subs ystem t r an smitte r  for pha s e  modulation o f  the downlink R F  c ar r ie r .  The 
d at a  pro c e s so r  g en er at e s  timing and c ontrol s ignal s whi ch a r e u s e d  throughout 
the ALSE P s y st em. 

2 -4 3 . Data Sub s ystem Data Pr oc e s sor Phys i ca l  De s c r ipt ion.  The data pr oc e s s o r  
c ons i s t s  o f  two physical  c ompone nt s :  a d igital data pr o c e s s or ( Fi gu r e  2 - 2 7 ) , and 
an a nalog multiplexe r /c onve r te r  ( Figure 2 - 2 8 ) . Multilayer print e d  cir c uit 
boar d s  a r e  u s e d  thr oughout the digital data pr o c e s s or and the a nalog multiple xer / 
conve r te r .  The digital data pr oc e s s or u s e s s even 1 2 - layer board s ,  one

' 
6 - layer 

board,  a nd one 3 - la ye r  d i s crete  c omponent boa r d .  T he a na log multiple xe r / 
c onve r t e r  u s e s  t e n  2 - layer boa r d s . Le ading parti c ula r s a r e  listed in Table 2 - 1 2 .  
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F igu r e  2 - 25 .  Re s ettable Solid State Timer 

R ESET 1 .5 MONTH TM 
COUN TE R  

D I V I D E R  

RESET � CHAIN 3 MONTH ( 223) 
N0. 1 

1 1 8  6 
M I N  H R  W K  
(26) (21 6) ( 222) 

18 HOUR TM 
1 6,384 HZ OUTPUT 1 M I N UTE OUTPUT ( ± 5%) C I RCUITS 1 8  HOUR OUJPUT OSC I L LATOR 

RE LAY R E LAY XMTR 

' 

� 

) 

DATA 
PROCESSOR 
ANALOG 
MULTIPLEX E R  

COMMAND 
DECOD E R  

I XMTR 
D R I V E R  1-- D R I V E R  � O F F  � p  N0. 1 NO. 2 RE LAY 

DU 

3 MONTH 

D I V I D E R  
(223) 

1 6,384 CHAIN 1 .5 MONTH TM 
D I V I D E R  

NO. 2 1 HZ 

Figur e 2 - 26 .  Re s ettable Solid State Timer,  Block Diagr am 

D ATA 
ROCESSOR 
NALOG 
U LTIPLEXER 

p 
A 
M 
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Fi gure 2 - 27 .  Data Subsystem D igital Data P r o ces s o r  

Figure  2 - 2 8 .  Data Sub s ys tem Analog Data Multiplexe r / C onve rte r 
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T able 2 - 1 2 . D ata Sub s ystem D at a  Pro c e s s o r  Leading Particular s 

Char acte r i stic  Value 

Digit al D at a  Pr o c e s s o r  

H e ight 2 . 8 inche s 
W idth 3. 94 inche s 
Length 6 .  25 inch e s  
W eight 2 .  6 0  pound s 
Powe r c o n s umption Le s s  than 0 .  5 watt s 

Analog Multiplexer I C onverter  

He ight 2 . 6 2  inche s 
W idth 4 .  2 2  inche s 
Length 5 .  9 2  inche s 
W e ight l .  8 3  pound s 
Power consumption 2 .  0 5  w att s maximum 

2 - 4 4 .  D ata Sub sys tem Data P r o c e s s o r  Functional D e s c r iption. Functionally, 
the r e  are two r edundant data pro c e s s ing chann e l s  ( data proc e s s o r  X and dat a  
pr o c e s s or Y )  whi ch pr o c e s s  both analog and digital data. Eithe r pr o c e s s o r  
channel may be s el e cted b y  command to perfo rm the dat a  pr o c e s s ing function. 

2 - 4 5 . Oper ating M ode s - The d at a  pro c e s s o r  oper ate s in thr e e  mode s :  

a .  Nor m al mode ( 1 ,  060 bps ) 
b .  Slow mode ( 5 3 0 bp s )  
c .  Act ive Seismic mode ( 1 0 , 6 0 0  bps ) .  

The normal mode i s  the standard o p e r ating mode which ha s a data r ate of 
1 ,  0 6 0  bps ( 1 0 6 word s /  s e cond ) .  In the normal mode , the demand s ignal s to  the 
d at a  s ou r c e s  ( expe r iment s )  are one word in l ength and appr oximat ely 9 .  45 milli 
s e cond s  in dur ation. Other timing s ignal s such a s  the d at a  gate and the var ious 
f r ame mar k s  ar e appr oximately 1 1 8  mi c r o s ec ond s in dur ation. Char act e r i stic s 
of the timing and cont r ol s ignal s ar e listed in T able 2 - 1 3 . 

The s low mode pr ovide s backup ope r ation at one - half the normal mode dat a  r at e .  
T h e  s low mode d at a  r ate i s  5 3 0 bps with 5 3  w o r d s  per s e c ond. Slow mode 
demand and timing s ignal s are 1 8 . 9 mill i s e c onds and 2 3 6  mi c r o s e c ond s ,  
r e spe ctively. 

The active s e i smic mode is provided exclu s ively for the active s e i s mi c  expe r i 
ment. When the active s e i smic comm and i s  r e c e ived f r om the c ommand de coder ,  
the s ignal i s  s tored until the completion of the exi s ting 6 4 -word frame . At the 
end of the 6 4th word,  the dat a  pro c e s s o r  switche s into the active s e i s mi c  mod e .  
Thi s switch m a y  o c cur i n  eithe r a n  o d d  o r  even f r ame , and betw e en any analog 
word s .  The switch to active s e i s mi c  mode g at e s  on s er ial data from the active 

2 - 4 1  
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T able 2 - 1 3 . D at a  Sub s ystem T iming and C ontr ol Pul s e  
Char acter i s ti c s  i n  Normal ALSEP Data Mode 

Pul s e  T ype 

F r ame mark 

Even fr ame 
mark 
9 0th fr ame 
mark 
D ata g ate 
(word mark)  

D at a  demand 

Shift pul s e  

Dur ation':' 
(f!  s e c )  

1 1 8 

1 1 8  

1 1 8  

1 1 8  

9 , 4 3 4  

4 7  

R epetition R at e ':' 

once  p e r  ALSE P 
frame 
once every other 
fr ame 
once every 9 0th 
f r am e  
6 4 ,  once  pe r e ach 
t e n - bit word in 
fr ame 
onc e per expe r iment 
wo r d  in ALSEP fr ame 
6 4 0  pul s e s  per 
frame 
1 0 6 0  pul s e s  per 
s e cond 

Amplitude :  High or logic " 1 "  - + 2 .  5 to 5 .  0 volt s 
Low or logic " 0 " - 0 to + - .  4 volt s 

R i s e  and F all T ime s :  2 to 1 0  fJ. s e c  l Oo/o to 9 0o/o point s 
-·-

T iming R el ative to 
F r ame Mark 

o c cu r s at  start of wo r d  1 
of each fr ame 
in c oincide n c e  with 
fr ame mark 
in c oincidence with 
f rame mark 
data  g ate of wo r d  1 i s  
i n  c o incide n c e  with 
frame mark 
o c cur s a s ymmet r i c ally 
as defined in F igur e 2 - 3 0 
a c ontinuous 1 ,  0 6 0  pul s e s  
per s e cond 
s ymmetr i c al s qu a r e  
wave 

and 9 Oo/o to 1 Oo/o point s 
''' rn s low ALS E P  d at a  mod e ,  dur ation i s  twi c e  the normal mode and r epetition 

r at e  is one - half normal mod e . , 

s ei s mic expe r iment , g at e s  off all d emand s to the command d e coder and the 
variou s exp e r iment s ,  and gat e s  off any inc oming s e r ial data from any othe r d at a  
s ou r c e .  T h e  actiye s e i s mic data r ate i s  1 0 , 6 0 0  bps .  The d a t a  s hift s ignal , 
f r ame m ar k , even fr ame mark , dat a  gate and 9 0th frame s ignal s ,  a r e  s ent to the 
expe r im ent s at the rior mal r at e .  Ope r ation of the dat a  pro c e s s o r  is illu s t r ated 
in the flow chart ,  F igu

-
r e  2 - 2 9 .  

2 - 46 . D at a  F o r mat - The d ata pr o c e s s o r  fo rmat s  the d at a  c ollected from the 
exper iment s and the dat a  sub sy stem into a 6 4 -word telemetr y  fr ame format a s  
shown i n  F igur e 2 - 3 0 .  The frame r ate i n  the normal mode i s  1 - 2 1 / 3 2  fr ame s /  
s e c ond.  A complete fr ame of d ata i s  colle cted appr oximately e v e r y  0 .  6 s e c ond. 
E ach fr ame c ontain s 6 4  wo r d s  of 1 0  bit s e a ch ,  giving 640 bit s / f r ame . The b a s i c  
bit r ate i s  1 ,  0 6 0  bps .  I n  addition to the w o r d s  a s s igned to the experiment s ,  the 
fir st thr ee 1 0 - bit wor d s  are u s e d  as a 3 0 - bit c ont rol w o r d ,  and a s ingle 1 0 - bit 
word is u s ed for c ommand verific ation pur po s e s .  Experiment w o r d  and f r ame 
a s signment s are listed in Appendix B .  

The bit a s signment s fo r the c ontrol  word a r e  shown in F igur e 2 - 3 1 .  A 2 2 - bit 
word con s i sting of an 1 1 - bit B a r k e r  code , followed by the s ame code c omple 
m ente d ,  i s  u s e d  to attain syn chr oniz ation. The n ext s even bits  pr ovide f r ame 
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I S T A R T  I POWER 
ON 

DATA PROCESSOR 
TURNS ON I N  
NORMAL MODE 

s 

����iE A  OUT OF 
SYNCHRONIZATION 
WITH ANALOG 
M U L T I P l E X E R  

I PROCESS I 
E R RONEOUS 1--r---, 
DATA I 

D I D  LOSS OF 
F R AME PROCESS DATA 

I N  NORMAL 
MODE UNTIL 
E N D  OF F R AME 
OCCURS 

YES �OCCUR /NO 

I START N E W  I 
DATA F R A M E  I 

� 
1 G E N E R A T E  

CONTROL WORD 1 
2 ADVANCE 

F R AM E  COUNT E R  

l 
G E N E R A T E  
CONTROL W O R D S  2 
AND 3 

1 
COLLECT AND PROCESS 
DATA FOR WORDS 4 
THRU WORD 32 

' 
P E R F O R M  ANALOG TO 
DIGITAL CONVERSION 
OF HOUSEKEEPING 
DATA 

� 
PROCESS HOUSE 
K E EPING DATA 

I 

I 

TRANSF E R  
DATA 
PROCESSOR TO 
NORMAL MODE 
1 1060 BPS) 

I S  DATA 
PROCESSOR 

� 
FOR WOAD 33 I '--

� 
COLLECT AND PROCESS 
DATA FOR WORDS 34 
THRU WORD 63 

I CONTINUE I N  
PRESENT MODE 
U N T I L  END OF 
F RAME OCCURS 

2 DATA PROCESSOR 
EXECUTES T H I S  
COMMAND AT 
E N D  OF DATA 
FRAME ONLY 

COLLECT A N D  PROCESS 
ACTIVE SEISMIC 
DATA AT A BIT RATE 
OF 1 0.600 BPS 

CONTINUE I N  
ACTIVE SEISMIC 
MODE U N T I L  E N D  
O F  F R A M E  OCCURS 

T R A N S F E R  
D A T A  PROCESSOR 
TO LAST 
INSTRUCTED SLOW 
OR NORMAL MODE 

T R A N S F E R  DATA 
PROCESSOR TO 
SLOW MODE 
1530 BPS! 

IS DATA 
PROCESSOR 

1 .  I NT E R RUPT 
ACTIVE 
SEISMIC 
DATA 

2. T R A N S F E R  
D A T A  
PROCESSOR 
TO NORMAL 
MODE 

PROCESS 
E R RONEOUS 
DATA 
I N  NORMAL 
MODE UNTIL 
90TH FRAME 
OCCURS 

�""' ,---....... --.., 
1 CONTINUE I N  

PRESENT MODE 
U N I T L  END OF 
F R AM E  OCCURS 

2. DATA P ROCESSOR 
EXECUTES THIS 
COMMAND A T  END 
OF DATA FRAME 
ONLY 

I .  I N T E R RUPT 
THIS FRAME 
OF DATA 

2. SWITCH 
POWER 
TO DATA 
PROCESSOR 
R E D UNDANT 
UNITS 

1 CONTINUE I N  
PRESENT MODE 
UNITL END OF 
FRAME OCCURS 

1. OATA PROCESSOR 
EXECUTES THIS 
COMMAND AT 
END O F  DATA 
FRAME ONLY 

Figur e 2 - 29 .  Data Subsystem Data Proce s sor Flow Chart 
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L E G E N D  

x CO N T R O L  

1 
X 

9 

1 7  
0 

25 

33 
H 

4 1  

49 
0 

57 

2 
X 

1 0  
X 

1 8  
X 

26 
X 

34 
X 

42 
X 

50 
X 

58 
X 

3 4 
X X 

1 1  1 2  
X 

1 9  20 
0 X 

27 28 
X 

35 36 
• X 

43 44 
X 

5 1  5 2  
0 X 

59 60 
X 

X PASS I V E  S E I S M I C - S H O R T  PE R I O D  

5 
0 
1 3  

2 1  
0 

29 

37 
• 

45 

53 
0 

6 1  

PASS I V E  S E I S M I C  LO N G  P E R I O D  S E I SM I C  

6 7 8 
X X 

1 4  1 5  1 6  
X X 

22 23 24 
X H F  X 

30 3 1  32 
X X 

38 39 40 
X X 

46 47 48 
cv X 

54 55 56 
X 

62 63 64 
X X 

• PASSI V E  S E I S M I C  - LO N G  P E R I O D T I D A L  A N D  O N E  T E M P E R A T U R E  

0 M A G N E T O M E T E R  
H F  H E AT F LOW 

CV CO M M A N D V E R I F I CA T I O N  ( U PO N C O M M A N D ,  O T H E R W I S E  A L L  Z E R OS )  
H H O U S E K E E P !  N G  

N O T  USE D 

E A C H  BOX CO N TA I N S  O N E  1 0  B I T  WO R D  

TOTA L B I TS PE R F R A M E - 1 0  x 64 = 640 B I TS 

TOTA L 

Figur e 2 - 3 0 .  A pollo 1 6  A LSE P Te lemetr y Fr ame Format 

2 - 44 
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WO R D S P E R  

F R A M E  

3 
29 l 1 ; 43 

7 
1 
1 
1 
8 

64 
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CQNTROL WORD FORMAT 

L AUEP � r!t--- WORD N I ----4!'f'lf-----

ALSEP 
WORD Nl ALSF�P 

WORD * 3  �I 
Bit 1 2 J 4 s 6 1 8 9 10 1 1  12 13 14 1 5  16 11 18 19 20 2 1  22 23 24 25 26 21 28 29 30 1 1  1 1 0 0 0 1 0 0 1 0 I 0 0 0 1 1 1 0 I 1 0 1 I F 1 F2 F3 F4 F5 F6 F7• M 

1<------- BAR� R COO£ -+- COMPL£M£NT OF BAR�R COD£ + FRAM£ COUNTER ' ' ''I MOU� 
( 1 ,  2 . . . .  8 9 ,  0) --; BIT 

DA- 1 

DA - 2  

D A - 3  

D A - 4  

Name 
ALSEP Bits / 
W o rds Range Sample 

Barker Code and Complement 1 ,  2 ,  and NA 22 
bits 1 and 2 
of word 3 

Frame Count Bite 3 to 9 1 - 90 
inclusive of 

word 3 

Mode Bit Bit 10 of word 3 
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identification for fr ame s 1 through 9 0  fo r c o r r elation of the analog multiplexe r 
d ata.  B it 3 0  pr o vid e s  normal o r  s low mode info rmation during the fir s t  two 
fr ame s of the 9 0  - fr ame s equen c e ,  d at a  pr o c e s s o r  s e r i al number identifi c ation 
during fr ame s 3 thr ough 5 ,  and has no information ( r ead s logic z e r o )  during 
fr ame s 6 through 9 0 .  

2 - 4 7. T iming and C ontr ol  Signal s .  T iming and c ontro l  logic c i r cuit s provide 
s ynchroniz ation s ignal s for u s e  thr ou ghout the ALSE P s y stem. ( S e e  the dat a  
p ro c e s s o r  fun ctional block diag r am ,. F igur e 2 - 3 2 . )  

The b a s i c  clock i s  a 1 6 9 .  6 KHz o s cillato r .  A master  flip - flop in the b a s i c  timer 
logic  divide s the c l o ck fr e quenc y d own to 84.  8 KH z .  The 84.  8 KH z  s ignal d r ive s 
a divid e - b y - e ight c ounter to obtain the 1 0 . 6 KHz s ignal u s ed in the active s e is mi c  
mod e .  Thi s c ount e r  i s  g at e d  to p r o d u c e  the 4 2 .  4 KHz s ignal u s e d  i n  t h e  s low d at a  
m o d e  of 5 3 0  bps:  

The 8 4 .  8 KHz signal ,  o r  the 42 .  4 K Hz s ignal,  al s o  drive s a divide - by-ten 
c ount e r .  T h e  output s from this counter a r e  u s ed t o  d rive the s ub -bit c ount e r  
and the timing 'log ic . T h e  s ub - bit c ount e r  i s  a divid e - b y - e ight c ount e r  w ith out 
put fr equencie s o f  1 06 0 H z ,  o r  5 3 0 H z ,  depending upon the oper ational mod e .  
This  output e st abli she s the bit r at e ,  d rive s a bit time count e r ,  and pr o vid e s  
timing s ignal s for the timing logic . 

2 - 4 5  
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The bit tim e c ounter i s  a divid e -by-ten c ounter with an output fr equenc y of 
1 0 6 Hz , o r  5 3  Hz , which e stabl i she s the word r at e .  Output s of thi s c ounter a r e  
u s ed i n  generating the contr ol wor d s  and s ignal timing throughout the pro c e s s o r .  

The multiformat c ommutato r  dete rmine s the s pe c ific  a s s ignments of e a c h  word 
within the 6 -± - wo r d  telemetr y format. The c ommutator provid e s  s ignal s (demand 
pul s e s )  of one word length and in multiple s of one word length in dur ation to the 
d emand r e gister  so that data may be g ated from the expe riment s and c ommand 
d e c ode r .  through the s plit - ph a s e  modulator , and into the transmitter  in a pr e 
dete r mined s equenc e .  The multiform at commutator suppli e s  c ontrol word 
int e r val and end - of - fr ame (word 64) s ignal s to the s ignal s yn chroni z e r .  

T h e  signal s ynchroniz e r  c o r r elat e s  the bit,  wor d ,  and f r ame count t o  s ynchronize 
the c ontrol word, analog channe l ,  and digit al data measur ement s in the telemetry 
f r ame and s equence format. It provide s the data g ate to the anal o g - t o - digital 
( A / D )  c onverter , c ontr ol word s yn chr onization to the c ont r ol word gene r ato r , and 
advan c e  pul s e  to the multifo rmat commutator . 

The fr ame count e r  pr ovid e s  fr ame c ount data to the c ontr ol word gene r ator for 
in s e rtion in the c ont rol word. The f r ame c ounter i s  e s s entially a r ipple -through 
c ounte r .  It is advanc ed by the fir st word of e ach frame signal from the signal 
s ynchroni z e r ,  and is r e s et by the 90th - f r ame end - of - s equence s i gnal from the 
analog multiplexe r s equenc e r  log i c .  

The c ontrol wor d  g ene r ator gene r at e s  the s yn chronization code and provide s the 
infor mation to the modulator output r e gister during the proper b it time s of the 
cont r ol wo rd.  Mod e ,  f r ame , and dat a  proc e s s o r  s e r ial number information is  
pr ovided to  th e output r e gister at  the appropriate bit time s .  

2 - 4 8 .  Data Proc e s sing.  Ninety channe l s  of analog engine er ing m e a su r e ment 
(hous eke eping ) data are applied to the multiplexing g ate s of the analog multiplexe r .  
The multiplexer gate s ar e enabl ed , one channel pe r fr ame , to apply analog me a s 
u r ement dat a  for word 3 3  to the A / D  converte r .  

The multiplexe r  gate s ar e controlled b y  the s equenc e r  logic whi ch i s  advanced 
thr ough a 9 0 - step s equence by the advan c e  pul s e  signal from the A I D  c onve rte r .  
The s equen c e r  applies a 9 0th fr ame e.nd - of - s equence pul s e  t o  the s ignal 
s ynchroni z e r  and to the f r ame c ounte r .  

The A / D  conve rte r u s e s  a r amp g e n e r ation te chnique to encode the PAM analog 
s ignal from the multiplexe r  into an 8 -bit  digital word which i s  applied in parallel 
to the digital multiplexer . The conv e r s ion is controlled by the start pul s e  from 
the digital multiplexe r ,  the data demand pul s e  from the demand r egiste r ,  and the 
d ata g at e  f r om the s ignal s yn ch roniz e r  to p rovide enginee r ing measur ement data 
in word 33 of each telemetry f r am e .  

T h e  demand r e g i st e r  appl i e s  d ata d emand s ignals t o  the A /  D converte r ,  to the 
c ommand d e c od e r ,  and to the exp e r im ent s .  It gate s s e r ial data from the expe r i 
ment s  t o  the modulator ,  and from the c ommand d e c od e r  t o  the digital multipl exe r .  

2 - 4 7  
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The demand register i s  c ontr olled b y  the d ata demand s ignal from the multifo rmat 
commutat o r ,  and by the d ata g at e  and the end - of - fr ame (word 6 4 )  pul s e  f r om the 
signal s yn chroniz e r .  

T h e  digital multiplexer r e c eive s 8 - bit parallel engineering d ata wor d s  from the 
A / D  converte r ,  and 8 - bit s er ial command decoder d ata wor d s  f r om the d emand 
registe r .  The s e  input s a r e  g ated into a 1 0 - bit shift register dur in g  the appropriate 
frame word time s ,  and shifted s er ially as 1 0 - bit wor d s  to the modulat o r .  Z e r o s  
a r e  inserted into the two most s ignific ant bit s .  The multiplexe r is  c ontrolled b y  
demand signals from the demand r e g i ster and d at a  g ate signals from the s ignal 
s ynchroni z e r .  It supplie s the enable signal to the A / D  converter .  

The modulator a c c e pt s  data from the ASE dur ing ASE mode operation, experiment 
and status data from the demand r eg i ster o r  digital multiplexer , and c ontrol word 
d ata from the control  word g enerat o r .  The s e  d ata input s are r e c e ived b y  a 2 - bit 
shift register dur ing the appropri ate time period s .  The r e g i ster pr e s ent s the d at a  
i n  s erial form t o  the PCM format converter .  The P C M  " 0" is  repr e s ented by a 
" 0 1 " ,  and the PC M " 1 "  i s  r e pr e s ented b y  a " 1 0" .  The s plit phas e  modulated d ata 
s ignal i s  applied to the data sub s ystem transmitt e r .  The d ata s ignal pha s e  
modulat e s  the trans mitter downlink r f  carrier signal s o  that P C M  " 0 " c au s e s  a 
po sitive phas e  tran s ition and a PCM " 1 "  cau s e s  a negative phas e  tran s ition. 

2 - 4 9 .  D AT A  SUBSYSTEM TRANSMIT TER 

The d ata subs ystem transmitter 2 34 5 2 5 0  is  u s e d  in the ALS E P  flight s ystem to 
g ener ate a spe c ific S- b and carr ier fr equenc y  within the r ange of 2 2 7 5  to  2 2 8 0  MHz . 
The s i gnal i s  pha se modulated by the split - phase s er ial bit str e am from the d at a  
proc e s s or .  Two identical tran s mitte r s  a r e  u s ed i n  the d ata sub s ystem t o  provide 
standby redundant oper ation.  E ithe r  tran smitter c an b e  s el e cted to t r an s mit 
downlink data.  

2 - 5 0 .  D ata Sub system T r an smitter Phys i c al D e s cription. The transmitt er is 
compr i s ed of six cir cuit modul e s .  The X 6  multiplier module i s  superimpo s ed on 
the power amplifier module to form an integral stru ctu r al unit with an aluminum 
b a s e  plate . The other four module s are pr inted cir cuit b oar d s  which are mounted 
in c avitie s  in the side of the power amplifier modul e .  The o pe r ating power and 
d ata s ignal input and telemetry output interface i s  through a 1 4 - pin conne cto r .  
T h e  R F  carrier output interface i s  through a coaxial c onne ctor .  F igur e 2 - 3  3 
show s the structural c onfiguration of the tr an s mitter .  T rans mitter leading 
parti cular s ar e list ed in T able 2 - 1 4 .  

2 - 5 1 .  D ata Sub system T r an s mitter Fun ctional D e s c ription. F igure 2 - 34 show s 
a block diagram of the transmitter cir cuit. T r an s mitter output fr equency i s  
determined b y  the selection o f  the o s c illator c rystal. An o s c illato r fr equenc y  of 
38 MHz is  u s e d  in this di s cu s s ion. 

The c ry stal - controlled o s cillator in the o s c illator ,  buffer , modulator modul e ,  A 3 , 
g enerate s a 3 8  MHz signal . The power level of the s ignal i s  inc r e a s e d  b y  a buffer 
amplifie r ,  and applied to a X5 multiplier which con sists  of a step r e cove r y  diode 

2 -4 8  
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Figure 2 - 3 3. D ata Subs y stem Tr ansmitter 

for harmonic generation, and a tuned cir cuit which pas s e s  the fifth harmonic ,  
1 90 MHz . A cas code amplifier act s a s  a buffer between the multiplier and the 
phas e  modulator . 

The phas e  modulator  module ,  A4, consists  of a modulator and a modulator driver. 
The modulator  r e ceive s the 1 9 0 MHz carrier s ignal.  Modulation of the s ignal 
take s place in a s erie s capacitor and r e si stor network in which the capacitance i s  
provided b y  two par allel  var actor diode s .  The modulator dr iver re ceive s the 
2 .  5 to 5 .  5 volt , 2 6 5  Hz to 1 0 ,  6 0 0 KHz split - phase modulated binary data s ignal 
from the data pro c e s s o r ,  and develops a back bia s acr o s s  the modulator var acto r s .  
The back bias is  varied at the data s ignal fr equency t o  alter  the c apacitance of the 
var actor s and thus c au s e  a pha s e  shift of the 1 9 0 MHz carrier s ignal. The 
r e sultant phas e  modulated 1 9 0 MHz c arrier s ignal i s  applied through a r e si stive 
T -network to the pr eamplifier. 

The pre amplifier module ,  A5 , i s  a thr e e - stage limiting preamplifier which pro 
vide s a constant drive level over a wide range of temperatures.  The output is  
applied through a r e s i stive T -network which i s  s elected through te st to attenuate 
the phas e  modulated c arrier signal to the correct drive level for the power 
amplifie r .  

T h e  power amplifier module , A 2 ,  provide s a stag e of amplification, a X2 multi
plier ,  and two mor e stag e s  of amplification. The X2 multiplier is  a common 
base  doubler which rai s e s  the 1 90 MHz pha s e  modulated carrier fr equency to 
3 8 0  MHz. The amplifier s r ai s e  the power of the phas e  modulated carrier  to thre e  
watt s .  Thi s  module als o  performs 29  VDC power filtering f o r  all module s .  

2 -49 
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T able  2 - 1 4 .  D ata Sub s y st e m  T r an s mitter  L e ading Particular s 

Characte r i stic V alue 

Output F requency 2 2 7 5  to 2 2 8 0  MHz fixed b y  s el e cted o s cillator c r ys tal 

F r equency Stability .±. 0 .  0 0 2 5% per year 

Output Pow e r  1 w att m i n  into 5 0  ohms at a maximum VSWR of 1 : 3 : 1 

Output Spuriou s 

Spurious A. M. 

Pha s e  Noi s e  

C a r r i e r  D ev iation 

M o dulation Drive 

Modulation F r equency 

Modulato r Input 
Impedanc e  

Supply Voltage 

Supply Curr ent 

T e l emetry Output s 

Weight 

F o r m  F a ctor 

2 - 5 0  

F r equenc y: 0 to 2 GHz 

2 to 2. 45 GHz 
2 .  45 to 4 .  60 GHz 
4 .  6 0  to 1 0 . 0 GHz 

Le s s  than 3% 

- 3 0 db below 
unmodulated c a r r i e r  
- 80 db 
- 20 db 
-40 db 

Le s s  than 0 .  1 rad.  RMS m e a s u r e d  with a pha s e  c o 
her ent r e c eive r with a loop bandwidth 2 B L = 5 0  Hz 

+ 1 .  25 r adians + 5% 

B inary s ignal + 2 . 5 to t 5 .  5 volt p - p  

2 6 5  H z  t o  1 0 .  6 KHz binary s ignal 

Gr e at e r  than l OK ohm s shunted by l e s s  than 1 0 0 pf 
( ac coupl ed)  

2 9  volt s + 2% 

Le s s  than 4 1 8  ma 

a) O s cillator c r ystal temperatur e ( - 3 0  to + 7 0° C)  
b)  Heat s ink tempe r atur e  of pow e r  output stage 

( - 3 0  to t 7 0° C )  
c )  R .  F .  level at pow e r  amplifie r  output 

( 0 .  6 3  to l .  5 8  watt s )  
d )  Supply curr ent ( 25 0  to 4 7 5  ma) 

Le s s  than 2.  1 lbs  

7 .  5 x 2 .  0 inche s mounting surface x 2 .  8 inche s high 
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T he X6 multiplier  modu l e ,  A l , inc r ea s e s the f r eque n c y  o f  the phas e  modulated 
c a r r ie r  to 2 2 8 0  MHz in two stag e s .  A c o axial cavity i s  tune d  t o  the 3 8 0  MHz 
phas e  modulated c ar r ie r  input from the pow e r  amplifie r ,  and applie s it to a 
varactor multiplier  which produ c e s  m any harmonic s .  The third harmonic ,  
1 1 40 MHz , i s  s el e cted b y  a tuned co axial c avity and applied t o  a s e c ond var actor 
multiplier to produ c e  harmonic s .  The s e c ond harmoni c ,  2 2 8 0  MHz ,  i s  s el e cted 
by a tuned coaxial c avity and fed thr ough another tuned c o axial c avity to filte r  
s purious harmoni c s .  The 1 -watt , 2 2 8 0  MHz ,  s plit - phas e modulated output i s  
applied t o  the diplexer switch f o r  downlink t r ansmi s s ion. 

T he curr ent, tempe r atur e ,  and RF power telemetry module ,  A6 , cir cuit s provide 
s ignals r e pr e s entative of monit o r ed t r an s mitte r  ope r ational par amet e r s  to the 
analog multiplexer of the data pro c e s sor for downlink telemetry. The 29 VDC 
operating cur rent,  the output s i gnal power at A l , and the temper atu r e  of the 
c r ystal in A3 and the output t r an s i st o r  heat s ink in A2 ar e monito r e d .  

2 - 5 2 . DATA SU BSYSTEM POW ER D ISTRIBUTION UNIT 

The powe r  distr ibution unit ( PD U) d i st r ibut e s  power to expe r iment and c entr al 
station component s and provide s c i r cuit overload prote ction and pow e r  swit ching 
of s el e cted c i r cuits . The PD U al s o  provid e s  s ignal condit ioning of s e l e cted 
c entral station and R TG t elemetry monitor s ignals prior to input to the analog 
multiplexe r for analog -to - digital conve r s ion and sub s equent data t r an s mi s s ion to 
e arth. 

2 - 5 3 .  D at a  Subsystem Power D i st r ibution Unit Phys i c al D e s cr iption.  A PDU is 
shown in F igure 2 - 3 5 .  The power di str ibution unit i s  compr i s ed o f  five printed 
c i r cuit c ard s ,  a mother board to provide inte r conne ction between the individual 
boar d s ,  the component c onne cto r ,  a c as e , and a cove r .  All ele ctrical  input s are 
made thr ou gh a r e ctangular , s c r ew - lo c k , 244 - pin c onne cto r .  

The amplifier board mounts the R T G  tempe r atu r e  s en s ing bridg e s  and amplifier s ,  
the power r e s erve s equen c e r  c ompar ato r ,  and one expe r iment pow e r  control 
c ir cuit. 

The exper iment drive card contain s the r elay d r ive r ,  r elays , fu s e s ,  and a s s o c i 
at ed cir cuit component s for the pow e r  control  o f  four expe r iment s .  

The s ignal conditioning and logic  c ard i s  compr i s e d  of the r e s i stive divide r s  
u s ed for the rmistor tempe r atur e  s e n s ing , nickel wir e tempe r atur e  s en s ing and 
voltage monitoring . Additio�ally,  the r e quired g ate s ,  flip- flop s , and g at e  
expande r s  u s ed f o r  counting and d e c oding in the r e s erve powe r s equen c e r ,  ar e 
mounted on thi s c ar d .  

T h e  c ent r al station power control  c ard provid e s  mounting f o r  the r el ay s ,  drive r s ,  
and c i r cuit overload s e n s ing r elays a s so c iated with the t r an s mitter ,  r e c e ive r ,  
dat a  pro c e s so r ,  power dis s ipation module load N o .  l and No . 2 ,  and backup 
h e ater power contr ol.  

C ir cuit r y  for the du st det e ctor ele ctr oni c s  i s  mounted on a s ingle c ar d .  Leading 
parti cular s of the power d i str ibution unit are listed in T able 2 - 1 5 .  

2 - 5 2  
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Figure 2 - 35 .  Data Sub system Power Distribution Unit 

Table 2 - 1 5 .  Data Sub s ystem Power Di stribution Unit Leading Particular s 

Characteristic Value 

Form Factor 2 . 8 x 4. 0 x 7 . 25 inche s 
Weight 2 .  4 pounds 
Power consumption 1 .  75 watts 
D C  input voltag e s  + 29 vdc 

+ 1 5  vdc 
+ 1 2  vdc 
+ 5  vdc 
- 6  vdc 
- 1 2  vdc 

2. 54 .  Data Subsystem Power Distribution Unit Functional D e s cription. The 
functional description of the power distribution unit is divided into three  major 
functions :  

a .  Power -off s equencer 
b. T emperatur e  and voltage monitor circuits 
c .  Power control to experiments and central station. 

Figure  2 - 36 shows a block diag r am of the PDU. 
2 - 5 3  
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2 - 5 5 .  Powe r  Off S equen c e r .  The pow e r  off s equ enc e r  o f  the P D U  d et e ct s  
minimum r e s e r ve pow e r  and s e quentially tur n s  off u p  t o  thr e e  pre s el e cted 
experiments to bring the pow e r  r e s e r ve within a c c e ptable limit s .  The minimum 
r e s e r ve pow e r  is dete cted by monitor ing the voltage a c r o s s  a power conditioning 
unit r e sisto r .  Thi s  voltag e  i s  applied to an ope r ational amplifie r  u se d  a s  a level 
dete ctor . An RC delay n etwork i s  employed at the output of the level d et e ct o r .  
T h e  output o f  the delay i s  applied to a s e c ond level dete ctor whi ch d rive s the 
powe r - off s equencer logi c .  Thi s a r r ang ement tur n s  on the pow e r - off s e quen c e r  
logic input g ate when the r e s erve power drops below a c c e ptable levels .  

The powe r - off s equencer logic  input g ate pas s e s  a 1 KHz clock signal to a fiv e 
stage b inar y  count e r . T h e  c ounter ac cumulat e s  the 1 K H z  count until the r e s e r ve 
power b e come s g r e ater than the minimum level.  The c ount e r  output i s  fed to 
decoding g ate s which s equentially turn off up to thr e e  pr e s ele cted experiment s .  

The s eque n c e r  d e coding g ate s are c onne cted s o  that upon tur n -on o f  the logic 
input g at e ,  and output g r ound level s i gnal i s  pr ovided during the count betw e en 
1 and 9 milli s e cond s to the experiment No.  4 standby - on r elay driv e r .  This r elay 
r emove s expe r iment prime power and applie s pow e r  to the standby line . If the 
IPU ove rload pe r s i st s ,  the g r ound level s ignal supplied to the exper iment No . 4 
s tandby line i s  r emoved and a g r ound level s ignal i s  applied to the experiment 
No.  3 standby- on c ommand input dur ing the next 8 - milli s e cond per iod (when the 
count is b etwe en 9 and 1 7  milli s e c ond s ) .  The s eque n c e r  could c ontinue in the 
s ame manner until a third exper iment (No.  1 )  is in the standby mode if overlo ading 
per s i st s .  If, howe ve r ,  the overload is r emoved within the s equen c e ,  the count e r  
will be r e s et when a s ati sfactor y  power r e s e r ve signal i s  obtained.  

2 - 5 6 .  T empe r atur e  and Voltage Sen s or Cir cuit s - Ope r ational amplifie r s are 
u s ed to amplify the r e s i stive bridge output s for the IPU hot and cold junction 
tempe r ature s .  The tempe r atur e s e n s o r s  located on the R TG a r e  platinum wire 
s en s o r s .  The hot junction s en s or r e s i stan c e  i s  about 2 7 7 1  ohms at 9 0 0°F and 
3 1 3 9 ohms at l l 0 0°F for a r e s i stan c e  change of 3 6 8  ohm s .  The cold jun ction 
s en s o r  r e s i stan c e  is  about 1 7 8 5  ohm s  at 4 0 0 °F and 2 1 9 0 ohm s at 6 30 °F for a 
r e s istan c e  change of 4 0 5  ohm s .  T h e  bridge output amplified b y  a g ain o f  1 4 .  9 for 
the hot jun ction and 1 0 .  5 for the cold junction give s a voltage swing of 5 vdc over 
the tempe r atur e r ang e .  B ridge excitation is 1 2  vdc on both the hot and cold junc 
tion tempe r atur e cir cuit s .  

E ach the rmistor tempe rature s en s ing network con si sts of a 3 0 1 0  ohm , one pe r c ent 
r e s i stor in s e rie s with a 1 5K ohm ( 2 5 ° C )  the r mi stor and a s e c ond 3 0 1 0  ohm 
r e si stor to g r ound . The divider exc itation is 1 2  vdc .  The output i s  taken ac r o s s  
the 3 0 1 0 ohm re s i stan c e  conne cted t o  g r ound. The r e sultant output , although not 
pe rfe ctly line ar over the - 5 0°Fto t 2 0 0°F tempe r ature s pan of measurement , 
provide s an output me a sur ement with ve r y  low di s s ipation of pow e r .  The maxi 
mum s en s o r  cur rent i s  le s s  than 2 milliamper e s .  

The nickel wir e temper atur e  s en s o r s ( 2 0 0 0  ohms at the ice  point) a r e  u s e d  in 
divide r s  to monitor expo s ed structural temper atur e ,  multilayer bag in sulation 
temper atu r e s ,  and sun shield temper atur e s .  The cir cuit is a s imple divid e r  
c o n s i sting of 1 2  vdc supplied thr ough 5 9 0 0  ohms and the s en s o r  t o  g r ound. T h e  
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output analog signal i s  t a k en ac r o s s  the s e n s o r ,  pro v id ing a r e a s onable linear 
r e spon s e  f ro m  - 3 0 0 °F to t 3 0 0°F .  The maximum current thr ough the s e n s o r  i s  
l e s s  than 2 milliampe r e s .  

Voltag e  monito r s a r e  provided for e ach o f  the s ix voltage output s o f  the power 
c onditioning unit . The po s itive volt a g e s  are monitor ed with r e s i stive divide r s  
with a n  output impedanc e  l e s s  than l OK ohm s .  T h e  two negative voltage s line s 
a r e  a l s o  m onitor ed by divide r s .  The 2 9 - vd c  s upply i s  u s ed a s  a bucking voltage 
to a po s itive output of 0 to 5 vdc a s  r equired by the multiplexer.  The output 
impedance i s  le s s  than l OK ohm s .  

2 - 5 7 .  Power Control - F ou r  tr an s i storized r elay d r iver s ,  magnetic l atching 
r el ay s .  and one magnetic latching r el ay acting as an overload s en so r  ( c i r cuit 
b r e ak e r )  pe r fo rm the c ontrol  and cir cuit breaking function for e ach expe r iment 
prime pow e r  line . The expe riment s tandby pow e r  line is fu s ed at 5 0 0  rna an d has 
n o  r e s et c apability. Spike s uppr e s s ion and ste e r ing diode s are also in corporated.  
The steering diode s pr ovide i s olation betwe en command line s and a s tronaut 
c ont rol line s wher e  r equi r ed . Thr e e  command inputs are pro vided for e ach 
experiment power control  cir cuit as follow s :  

a .  Expe r iment ope r ational powe r - on command 
b .  Standby powe r - on c ommand 
c .  Standby powe r - off c ommand . 

The thr ee command input s operate one o r  both of two power switching relays , 
d e pending on the comm and r e c eived.  One r elay pro vide s the s ele ction of eithe r  
standby powe r o r  oper ational expe r im ent pow e r .  T h e  othe r int e r rupt s  the standby 
power line . The r e ce ipt of an experiment ope r ation al powe r - on c ommand w ili 
t r an s fer the pow e r  s el e ct relay to a po s ition which provid e s  power thr ough the 
curr ent s e n sing c oil of the c i r c uit b r e aking relay to the expe rim ent e l e ctroni c s .  
A s e par ate manually ope r ated switch i s  pr o vided to supply the expe r iment ope r a 
tional powe r - on c ommand for each expe r iment i n  the event o f  uplink failur e .  A 
s e c ond command ( st andby power - off) ope r at e s  the r el ay coil of the standby power 
inter ruption r elay to open the c ir cuit s upplying power to the standb y lin e .  The 
standby powe r -on c omman d ,  howe ve r ,  ope r at e s  on both r e l ay s . The standby 
pow e r - on command clo s e s  the s el e ctor r el a y  c ontacts  supplying powe r  to the 
standby power r elay c ontact s and al s o  c lo s e s  that r e l ay ' s c ont acts so that power 
i s  applied to the standby line . If the s ele ctor r el ay i s  in the po s ition which 
supplies  oper ational pow e r  to the experiment power line and the standby power 
int e r ruption r el a y  c ontacts a r e  clo s ed ,  two c ommand s mu st b e  initiated to inte r 
rupt all power to an expe r iment.  The s e comman d s  a r e  the standby pow e r - on 
c o mmand followed by standby pow e r  - off command.  

C i r cuit b r e ak e r  ope r ation i s  pr ovided b y  inter nally g ener ating a standb y - on com
m and u s ing the c ontact s of a c u r rent s en s ing r elay.  Should an over curr ent 
c ondition exi st through the s e n s ing coil  in s e r i e s  with the experiment ope r ational 
power line , the c ontacts  of the s e n s in g  r elay b r e ak the normal standby - on 
c ommand line and app:iy a g r ound s ignal to e ach of two r e l ay drive r s .  One r elay 
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driver o pe r at e s  the powe r s elect  r elay t o  the standby - on po s ition. T h e  oth e r  
d r iver ope r at e s  the standby power inter ruption r elay t o  clo s e  the c ontacts supply 
ing power to the standby pow e r  lin e .  Ope r ation of the standby power inte r r uption 
r elay provide s power to the r e s et coil of the ove rload s en s ing r elay ther eby r e 
s etting its contacts  to permit normal standby - on c ommand input s .  Provisions have 
been made to shunt each cur r ent s e n s ing c oil to provide a 0. 5 amp c apability to all 
expe r iment s .  

A high c onductan c e  diode is  par alleled ( in a fo rward bia s e d  c ond ition) with the 
curr ent sensing c oil of the ove rload sen sing r elay. Thi s diode permit s  an exten 
sion of the dynamic r ange of the overload s en s o r  to high t r an sient overload s .  Two 
r e sistive summing networks pr ovide a telemetry output to indicat e  the pr e s en c e  o r  
ab sence of standby powe r  for all experiment pow e r  switching c i r cuit s .  

T r an s mitt e r  power control and overload pr ote ction a s  shown in F igure 2 - 3 7  u s e s  
two power control r el ay s ,  four overload sensing r elays , and a s s o c iated r elay 
d r iver s .  F our command s ar e r equired:  

a.  
b.  
c .  

d .  

2- 5 8  

T r an s mitter on 
T r an s mitter off 
T r an s mitter A s elect  
T r an s mitter B select .  

SE L E C T  
A C M D  

MAST E R  
O N  C M D  

· 1 2V 

• 29V 

MASTE R 
O F F  C M D  

SE L E C T  
B CMD . 

R E TU R N  

�� D R I V E R  I 
I 

D R I V E R J--

D R I V E R  J--
D R I VE R 

I 
I 

T R I P  

T R I P  

T R A N S M I TT E R  
O N  O F F  
R E L A Y  
1 Dp d t )  

� T I M E R

-

CK T a K A  
r 

• 29V TO 
H E A TE R 

rn C K T . B K R -r 
I-I- I= I-< 

T R A N S M I TT E R  

I- T R ANSF E R  
R E L A Y  
( Qpdt ) 

� hl1 t 
C K T. B K R  L 1-< 

y C K T .  B K R . 
l 
c= 

97 · S DAYS 

Figure 2 - 37 .  Data Sub s y stem Transmitte r Pow e r  C ontrol  

� 

· 29V TO 
X M T R  A 

•29V TO 
X M T R  B 

• 1 2V TO 
O I P L E X E R  

R E T U R N  



ALSE P -MT - 0 6  

The transmitter  o n  and off command s ope r ate  the double - pole , double -throw 
r elay which switche s 29  vdc to the t r ansmitter  tr ansfer relay. When the trans 
mitte r  control r elay is  off, nominal transmitte r  ope r ating power  is applied to the 
t r ansmitte r  heater  which maintains thermal balance within the cen.tral station. 
The power line to e ither  of two tran smitt e r s  i s  se le ctable via transmitte r A or 
transmitter  B s elect commands  as  appropriat e .  If the power line to either  tran s 
mitter  i s  overloaded, the contacts o f  the overload s ensing r elay transfer s the 
tr an smitter  s elect r elay to supply power to the alternate tran smitter .  When 
power is tran sferred  to the alternate transmitter , the cir cuit overload s ensing 
r elays are  both r e s et and the normal command link input s are r e stored .  The 
1 2  vdc diplexer switching power is applied only when tr ansmitter B is s elected . 

A transmitter turn-on capability i s  provided by a manually operated backup switch 
which is used if an uplirik cannot be e stablished following deployment of ALSEP on 
the lunar surface . 

For  data proces sor power control (F igure  2 - 3 8 ) ,  r edundant electronics  are 
swit ched us ing standard magnetic latching r elays . The s e  relays are controlled 
by standard commands .  Overload prote ction i s  not provided .  

Power  diss ipation module 1 ,  power  diss ipation module 2 ,  and the c entral station 
backup heater s  are  switched off and on by ground command only. 
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2 - 5 8 .  PASSIVE SEISMIC EX PEB. IMENT ( PS E) SUBS Y S T EM 

The pas s i ve s e i smi c  e xp e rime nt ( PS E )  i s  de signed to monitor s e i smic a ctivity, 
and it affo r d s  the opportunity to dete ct meteoroid impa cts and free os cillati on s .  
I t  may a l s o  detect surfa c e  tilt produc ed b y  tidal deformation s which r e su lt, in 
part, from per iodic variations in the strength and dir ection of exte rnal gravita 
tiona l fie ld s ac ting upon the Moon and chang e s  in the ve rtical  c omponent of g ravi
tati ona l a c c e l er ation. 

Analy s e s  of the ve locity, frequency, amplitude ,  and attenuation cha r acte r i s tic s of 
the s e i smic wave s should pr ovide data on the numbe r and cha r acte r of luna r s e i s 
mi c events , the appr oximate azimuth and di s tance to their epic ente r s ,  the physi 
c a l  pr ope rtie s of subsurfa c e m ate rials ,  and the gene ral stru ctu r e  of the lunar in
te r io r .  

I n  the lowe r f r equency end ( a pp r oximately 0.  004 to 3 He rtz ) o f  the P S E  sei smi c  
s ignal s pe ctrun1, motion o f  the luna r surfa ce cau s e d  b y  s e i smic activity will be 
detected by tri -axial ,  o r thogonal di splacement amplitude type s e n s o r s .  The s e  
s en s o r s  and a s s ociate d e le ctronic s c ompri s e  the long period ( LP )  s e i smome te r .  
I n  the hi ghe r fre quency e nd (appr oximately 0 .  0 5  t o  20 He rtz ) o f  the PSE sei smi c  
s i gnal  s p e ctrun1, vertical motion of the luna r surface cau s e d  b y  s e i smic a ctivity 
will  be dete cte d  by a one -axis velocity s e n s o r .  Thi s sensor and a s s o ciate d e le c 
t � oni c s  comp r i s e  the short pe r iod ( S P )  s e i smomete r.  

Two s epa r ate outputs are p r odu ce d  by each axi s of the LP s e i smometer.  The 
prima r y  output i s  proportional to the amplitude of low f r e qu ency sei smic motion 
and i s  refer r e d  to a s  the s e i s mi c  output. The s e condary output is propo rtional to 
the ve r y  low frequency a c c ele rations and i s  refe r r e d  to a s  the tidal output. The 
tidal output in the two LP ho r i z ontal axe s is p r oportional to the amount of lo cal 
tidal tilting of the lunar s u r fa ce along the s e  axe s ,  as indi cated by change s in de 
s ignal level .  The tidal output in the LP vertical axis  is  propo rtional to the change 
in the lunar g r avitational a c c e l e r ation a s  dete rmine d by that axi s ,  a gain as r e lated 
to change s in de signal leve l s .  The SP sei smomete r yie ld s  a s e i smic output pro 
porti onal to s e i smi c  motion in the vertical axi s o f  the instrument. 

Electroni c s  a s s ociated with e a ch sei smometer amplify and filter the four s e i smic 
and thr e e  tidal output s i gnals .  The s e  s even s ignal s are c onve rte d by the PSE s ub 
s ystem to digital form, and r elea s e d  upon r e ceipt of a demand pul s e  to the A LSE P 
data subs y stem for t r an s mi s s ion to Earth. The tempe r atur e  of the PSE s en s or 
a s s e mbly i s  monito r e d  and p r ovided a s  the eighth PSE di gital data output. Each 
A LS E P  telemetry format c ontai n s  64 wo r d s ; 4 3  a r e  u s e d  to t r an smit the eight PSE 
s ci e ntifi c data output s i gnals to the M SFN s tations on the Ea rth. In additi on, e i ght 
a na log s i gna l s  conveying engine e ring data from eleven s our ce s  in the PSE a r e  
r oute d o ve r  s e pa rate line s to the A LS E P  data sub s ystem, multiplexed into the 
A LS E P  hou s e k e e ping telemetr y wo r d  ( No. 3 3  ), and transmitted to Ea rth to permit 
PSE status to be monito r ed .  

Initiation a n d  contr o l  of ce rtain PSE inte rnal fun ctions i s  a c c omplishe d by 1 5 
di s c r ete c ommand s r elayed from Earth thr ough the A L SE P  data sub system. 
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2 - 5 9 .  PSE PHYSICA L DESCRIPTION 

The PSE (Figure 2 - 3  9 )  is compo s e d  of four major physical c ompone nt s .  The sen
sor a s sembly, leveling stool, and thermal  s hr oud are  all deployed together by the 
astr onaut on the lunar sur face .  A s e parate e le ctr oni c s  a s se mbly is located in the 
ALSE P central station, and provide s the e le ctr ical interface with the central 
station. 

2 - 60 .  PSE Sensor As s embly. The sensor as sembly i s  gene rally cylindrical in 
form, and i s  fabricated pr incipally of beryllium to achieve light weight and long 
term stability. The base  of the cylinder is hemispher ical to permit r ough level
ing of the s ensor upon the leve ling stool during deployment by the astronaut. The 
long period ( LP)  and short per iod (SF) s e ismometer s , the sensor leveling plat
for m, the caging me chanism, and a s s ociated ele ctronics  ar e contained in the s en
s or a s s embly. The principal structural e lement s  of  the sensor are the bas e  and 
the g imbal- platform a s s embly on which the LP se i smometer s are mounted .  

The L P  s e ismometer compri se s thr ee  orthogonally oriente d, capacitance type 
se i smic s ens or s :  two horizontal axe s and one vertical axi s .  Each o f  the LP 
hor izontal s ens or s compr i s e s  a 1 .  6 5  pound mas s mounted on the end of a hor izon
tal boom. The boom and mas s  a s sembly is suspende d from the sens or frame s o  
that i t  i s  fr ee  t o  r otate thr ough a ver y  limited portion of the horizontal plane in 
the manner of a swinging gate . Ine rtia of the mas s cause s it to tend to r e main 
fixed in space when motion of the supporting frame occur s due to s e ismic motion 
of the lunar sur face .  The capac itance type transducer  attache d  to the iner tial 
ma s s  produce s  an output pr oportional to the amount of displacement of the frame 
with r e s pe ct to the mas s .  The LP vertical axis sens or diffe r s  from the horizontal 
axis sens or s in that the boom-mounte d mas s  is suspended fr om the frame by a 
zero  length spr ing . The s pring i s  adjuste d s o  that the we ight of the boom/mas s  
a s s embly i s  compensate d by the spr ing tension. 

The LP leve ling platfor m  i s  gimballed thr ough Bendix flexur e s ,  and i s  pos itione d 
by leveling motor s along two horizontal axe s .  This permits leve ling of the LP 
s e ismomete r s  to within thr e e  ar c - s e conds of level. Independent pos itioning of the 
s ensor in the LP vertical axis to the same toler ance is pr ovided by a s e parate 
leveling motor which adjusts the tens ion of the suspens ion s pr ing . 

The SF se ismometer i s  a s ingle - axis device containing one vertically mounted, 
coil-magnet type s e ismic s ens or mounted dir ectly to the bas e  of the sensor a s sem
bly. Leveling of  the SF s e ismometer i s  accomplishe d  to the degr ee  r e quir ed  by 
leve ling the entire  a s s embly. 

Caging i s  pr ovided by a pr e s sur ized be llows . When pr e s sur ized, pins are  ins erted 
into each inertial ma s s , raising the mas s  and ther eby unloading the sus pension sys 
tem of each sens or . Pr e s sur e in the caging me chanism i s  r e leased  by fir ing a pis 
ton actuator by Earth command, after deployment, to uncage the s ensor s and fr ee  
them for operation. 

The s e ismometer ele ctr oni c s  ar e contained in par t  in the s ensor a s s embly and the 
r e mainder is located in the A LSE P central s tation. In the sensor ,  four printed 
c ir cuit board subas semblie s ar e mounte d in the bas e ,  surr ounding the SF 
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Figure 2 - 3 9 .  Pa s s ive Seismic Exper ime nt Subsystem 
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s eismomete r .  The se  suba s s emblie s pr ovide cir cuitry as s ociated with amplification, 
demodulation, and filtering of the outputs of each of the four s eismic sensor s .  In 
addition, the s ensor e le ctr onics  pr ovide for LP s en sor le ve ling, and sensor a s s em
bly temper ature monitoring and heate r  contro l. The heater control  cir cuits r e gu
late powe r to a heater located in the ba se of the s ensor a s s embly to compensate 
for los s  of thermal energy. 

When deployed, the s ens or a s s embly is  s eated in the leve ling s tool and covered  
with the thermal shr oud . A pair of 1 0 - foot, 27  - conductor (c oppe r ) , flat, Kapton
coated, tape cable s from the PSE are connected to a pair of 9 - inch maganin r ibbon 
cable s fr om the central station e le ctr onic s ( CSE ) providing ele ctrical c onnections 
betwee n  the two unit s . Manganin is used  on the CSE cable s to minimiz e heat 
los s e s  fr om the A LSE P central station. A reel  me chanism on the 1 0 - foot PSE 
cable s provide s compact s towage while on A LSE P subpackage No . 1 .  

2 - 6 1 .  PSE Leveling Stool. The leve ling stool i s  a s hort tr ipod with thr ee  ther 
mal insulator s on its upper end .  The s e  insulator s ,  together with the r ounded bot
tom of the s e ns or as sembly, form a ball and socket joint which permit s manual 
leveling of the s ens or a s sembly to be accompli shed by a s ingle astronaut to with
in five degr e e s  of the vertical. The insulator s  als o  pr ovide the r e quired degree  
of thermal and e le ctr ical i solation of  the sensor as sembly fr om the lunar sur face ,  
while transmitting sur face motion up to 2 6 .  5 Hz, or  mor e,  to  the s e nsors  with 
negligible attenuation. 

2 - 6 2 .  PSE Thermal Shr oud. The the rmal shroud has the shape of a flat- crowned,  
wide -brimmed  hat. The crown portion cove r s  the s ensor ,  while the br im portion 
(five fe et in diameter )  cove r s  the adjacent lunar surface . The crown and brim 
are made of ten layer s  of aluminized mylar separated by alternate layer s of s ilk 
cord which are wound on a perforated, aluminum support .  The s hroud cove r s  the 
s ens or a s s embly and the adjacent lunar sur face ,  to aid in s tabiliz ing the tempera
tur e  of the s ens or a s s embly. 

A bubble level and a sun compas s are pr ovided on the top sur face of the shroud 
for use  by the astronaut in leveling and azimuthal alignment of the s ensor 
a s sembly. 

2 - 63 .  PSE Electr onics  A s s e mbly. The PSE c entr al station e le ctr onic s ( CSE ) 
module is located in the ALSE P central station. Eleven printed circuit board  sub
a s s emblie s are contained in the CSE which pr ovide the c ommand logic circuits for 
the fifteen c onunands regulating or controlling the PSE inte rnal functions .  Also, 
the CSE contains cir cuitry as sociated with attenuation, amplification, and filtering 
of the seismic s ignals,  proc e s s ing of the PSE s cientific and engineering data out
put s ,  and its internal power supplie s .  The CSE is physically and thermally part 
of the centr al  station, but e le ctr ically and functionally part of the PSE .  

2 - 64 .  PSE Le ading Particular s .  Table 2 - 1 6  lists  the physical  characteristic s 
and power requirements of the PSE and the per formance character istic s of the 
eight PSE s cientific data channe ls . 
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Table 2 - 1 6 .  PSE Leading Par ticular s 

Characte r istic Value 

[Sens or A s s embly, inc luding 
Leve ling Stool  and Ther mal 
Shroud ( stowed configur ation) :  

He ight 
Diameter 
Weight 

Sensor 
The rmal Shroud 
Leveling Stool 

Ce ntral Station Electr onic s :  
Height 
Width 
De pth 
Weight 

Phys ical Data 

1 5 .  25 inche s 
11. 75  inche s 
2 0 .  9 1bs 
1 8 . 3 lbs 
2 .  4 1b s 
0 .  2 lbs 

2 .  7 5  inche s 
7 .  2 5  inche s 
6 . 5 inche s 
4 .  1 lbs 

-----=----------------------------------- ---·-

Powe r Requirements  

Analog Ele ctr onics 
Digital Electronic s  
Powe r  Converter Lo s s  
Heate r 
Level System 

Functional Power and Heate r  
Functional Power  ar.:l  Leve l 

1 .  6 1  watts 
1. 2 1  watts 
1 .  7 1  watts 
2 .  40  watts 
3 .  1 0  watts 

6. 70 watts 
7 .  2 0  watts 

Voltage 
----�--------------------------------�----------------------------

2 9 .  0 ± 0 .  5 8  vdc 

Scientific Data Signal Characte ristic s 

Minimum Dete ctable Signal :  
SP  and all LP seismic s ignals 
LP tidal output s ignals : 

LPH (Horizontal )  
LPV (Ve rtical) 

Sensor a s s e mbly tempe r atur e 
Sensitivity at Maximum Gain: 

SP and all LP seismic s ignals 
LP tidal output s ignals : 

LPH 
LPV 

Sensor a s s embly temper atur e 
Fr equency R e s pons e :  

S P  se ismic s ignal 
(Odb = 5 v/!J. , maximum gain ) 

Max. Requirement 
1 0  m!J. 

0.  4 arc - sec .  
3 20 JJ. gal 

± 1 o o c  

5 .  0 v/1-1 

De sign Goal 
1. 0 m JJ. 

0 .  0 l arc - s e c .  
8 . 0 JJ. gal 
± 0 . 0 2 °  

0 .  5 v/ar c- s e c .  
0 . 625  v/mgal 
0 .  25 v/ o C  

-40  db @ 0 .  03 8 s ec .  
+4 2 db/oct. 0 .  0 3  8 t o  0 .  l s ec  
+20  db  @0 . l sec  
- 6 db/oct. 0 .  1 to  1 .  0 s ec  
- 1 8 db/oct. 1 .  0 to  20  s ec 
- 7 8 db @ 20 s ec 

2 -6 5  



A LSEP-MT - 06 

Table 2 - 1 6 .  PSE Leading Particular s (cont ) 

Character i s tic Value 

Sc ientific Data Signal Character istics 

Dy n amic Range :  
S P  and all LP s ei smic s ignals 
All  li dal  s i g nal s 
Temperatur e  

A l l  L P  s e ismic s ignals  
( Odb = 0 .  5v / f!. , feedback factor  = 

- 3 3 . ldb , po st- ampl ified gain = 1 )  

All LP tidal output s ignal s 

Sensor a s s embly temperatur e  

f!. = micron 
mf!. = mill imic ron 
V / f!. = volts per micr on 
f!. gal = micro  gal 
mgal = mill igal 

Analog 
80 db 
60 db 
60 db 

Digital 
60 db 
60 db 
60 db 

- 6 0db @ 0 .  3 s e c . 
t 48db/ oct .  0 . 3 to 0. 7 s e c . 

Odb 0 .  7 to 1 5  s e c . 
- 1 2db/ oct . 1 5  to 1 0 0  s ec .  
- 1 8db/ oct . 1 5 0  to 2 5 0  s e c . 
- 6 0db @ 2 5 0  s ec . 
- 74db @ l .  2 s ec . 
t 6db /oct .  1 .  2 to 1 5  sec . 
- 5 2db @ 1 5  s ec . 
- 6db / oc t .  1 5  to 1 50 s e c . 
- 72db @ 1 50 sec . 
- 1 2d b I o c t .  1 5 0 to 7 50  s e c . 
- l OOdb @ 750 sec . 

1 0 7 - 1 4  30 F ± 1 '7o 

The microgal and mil l igal ar e subdiv is ions of  the gal , a g eophys ical unit of  mea s 
ure  of ac celeration in the cgs  sys tem . One ga l  equal s an  acceleration o f  
1 em/ s ec / s ec . 

2 - 6 5 .  PSE FUNCTIONAL DE SCRIPTION 

The PSE instrumentation employed to dete ct seismic disturbance s  in the 
lunar sur face  is functionally divided into thr ee  long period s eismic data channels ,  
thr e e  tidal data channel s ,  one s hort per iod se ismic data c hannel ,  and a s enso r  
a s s embly temperatur e monitor ing c hanne l. The s e  s cientific data channels  are  
supported by s ens or a s s embly he ate r contr ol, data handling, uncaging , leve ling, 
and power functions (Figure 2 -40 ) .  

Cont r ol i s  achieved thr ough 1 5  s e parate gr ound c ommand c hannels gover ning the 
following : 

2 -6 6  

a .  Signal calibration and gain in  the four s ei smic data channel s  
b .  Filtering in  feedback c ir cuits in  the thr ee  long per iod channe ls 
c .  Leveling of the s ei smometer s  
d .  Sensor a s s embly heater  
e .  Uncaging o f  the s eismomet e r s  
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The commands are  dis c rete (on- off or sequential stepping)  and are  transmitted  
from MSFN stations  on  the Earth, through the ALSEP data sub system. A discus 
s ion of the s e  command s and their basic functions  i s  pr ovided in paragraph 2-6 8 . 

2 -66 .  PSE Monitoring Function s .  The three  long pe riod se i smic data channe ls 
are similar ,  differing only in s ensor orientation in the horizontal channels ,  and 
principally in s ensor type in the vertic al channel. The swinging gate  type s ensor s 
in the horiz ontal channe ls r e s pond to tilting a s  well a s  lateral displacement of the 
lunar surfac e ,  while the LaCoste spring su spens ion of the vertical s ensor enable s 
it to measure  change s in gravitational acc e leration as  well as  to acc omplish its 
primary function of detecting surface displac ement in the ve rtical axi s .  Seis mic 
data is obtained in the following manner : a capacitanc e type transduc er in each LP 
sensor provides  a pha s e - referenc ed  output. s ignal  proportional to the amplitude 
of displac ement of the s ensor frame from its se ismic mas s . This s ignal i s  amp
lified, pha s e - demodulated, and filtered to produc e the LP se ismic output s ignal 
for that axi s .  Very low frequency filte ring of this s ignal  produ c e s  its tidal c om
ponent. The short period channel is generally similar to the long period channels ,  
although a coil-magnet type transduc er  is employed to  produc e a s ingle s ei smic 
output pr oportional to the velocity rather  than the amplitude of displac ement of its 
seismic mas s .  The seismic mas s  in each of the four channels has  a separate c oi l
magnet a s s embly a s s oc iated with c ommand- c ontrolled step voltages to produce 
known input acce le ration to  each inertial mas s  for  calibration purpos e s .  In the LP 
sensor s ,  the coil-magnet as semblie s are also used  for damping and s tabilization 
of the LP seismic ma s s e s  by means of negative feedback of the tidal s ignal. Signal 
amplification in each of the four data channels is command controlled.  F ixed steps 
of attenuation may be switched in and out of the s ignal path as  r equired.  The two 
output signals from each of the three  LP channels ,  plu s the output s ignal from the 
SP channel, are  provided a s  analog signals to the PSE data handling circuits . The 
s ignals are digitiz ed and supplied to the ALSEP data subsystem as s even of the 
eight PSE scientific data output signals .  

The re lative pos itions of the LP s ensors  vary with temperature.  The temperature 
of the sensor a s s embly is monitored by a tempe rature sensor  in it s ba se ,  together 
with a circuit which is capable of detecting changes  as  small as  ± 0 .  02 o C .  The out
put of this c ircuit is applied to the PSE data handling circuits a s  the eighth PSE sci
entific data output s ignal, where  it i s  digitized prior to  routing to  the ALSEP data 
subsy stem. It is also applied to the s ensor a s s embly heater c ontrol c ircuit s .  

2-67 . PSE Supporting Functions .  The s ensor as sembly heater c ontrol circuits 
control the heater operating mode which is s e lected by Earth c ommand. Three  
thermal control  mode s are  provide d :  automatic , thermo stat bypas s  (manual on) ,  
and off. The automatic mode is the normal mode of operation, and c onnects  
power to the heater through a thermostatic c ontrol circuit which maintains the 
temperature of the s ens or a s s embly within a pr e s et level.  The the rmostat bypa s s  
(manual on) mode applie s continuou s power  to the heater .  

The PSE data handling c ircuits  comprise  an analog-to -digital converter which 
conve rts the eight analog scientific data s ignals to digital form. The digital data 
is then formatted by the PSE into 1 O -bit digital words for insertion by the ALSEP 
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data p r oc e s s o r  into the 4 3  a s s igned s pa c e s  in each of the 64-word A LSEP t e l e 
m et r y  word fram e s .  S ynchr oni zation a n d  c ontr ol pul s e s  which c ontr o l  t h e  for 
m atting and r eadout of the digital data,  a r e  r e c eived f r om the A LSEP data 
p r oc e s s or .  Eleven analog s tatu s  s ignals f r om th e PSE logic c ir cuits and f r om 
the uncaging m e c ha ni s m  a r e  c om b ined into e i g ht analog s ignals by the PSE data 
handling c i r cuits for transmi s s ion to the A LSEP data p r oc e s s o r / multi plexer .  
The data a r e  in s e r te d  into hou s e ke e ping wor d  numbe r 3 3  of each o f  the eight A LSE P 
telem etry word f r am e s  a s s igned for transmis s ion of thi s data. 

T h e  LP s e i sm om et e r  s en s o r s  must be leveled b efor e they can b e  u s e d  to 
p r oduc e us eful data.  L eveling is a c compli shed thr ough automatic and / or c om 
m a nd ( m anual) p o sitioning o f  t h e  LP g imbal platform i n  it s horizontal axe s ,  and 
the s p r in g  in the LP v e rtic al axi s by me ans of independent,  two - sp ee d, 
l e v el ing s e rvos in each LP axi s .  The tidal output s ignal of each axi s may be u s ed 
a s  it s leveling e r ro r  s ignal in both the autom atic and c ommand mod e s .  Mode 
s el ec tion and c ommand m ode po s itioning c ommand s affect all three s ervo s ;  how 
e ve r ,  pow e r  to the l eveling m otor of each s e rvo i s  c ontr olled by s eparat e  c om 
mand s .  T h e  ability t o  activate leveling m oto r s  s eparat e ly prov i d e s  fo r independ
ent leveling in each axi s .  B oth the a utomatic and c ommand m o d e s  have two 
level ing s p e ed s ,  c oa r s e  and fine in the automati c ,  and high and low in the c om 
m and m od e .  The c oa r s e  and / o r  high s p e ed mode ( s )  a r e  norm al ly u s e d  only to 
r educ e leveling e r r o r s  to l e s s  than thr e e  m inute s  of a r c ,  and the r em ainder of 
the leveling proc e s s  is done in the fine and / o r low speed m od e ( s ) .  

T h e  s en s o r s of the S P  and L P  s ei sm om eter s must b e  uncaged befo r e  they b e c om e  
operabl e .  Uncag ing i s  a c c om pli shed b y  a pyrot echnic pi ston a ctuator which 

br eaks the pr e s su r e  s eal in th e p r e s sur i z ed b ellows type cag ing m e c hani sm in 

r e sp on s e  to Earth c ommand or c entr al stati on time r c ommands . B r e aking the 

p r e s sure s e al all ows th e c aging system gas to e s c ap e ,  deflating the bellow s ,  r e 
l ea s in g  th e c aging pin s ,  and unl ocking the inertial m as s e s .  

The A LSEP pow e r  d i s t r ibution unit fu rni s h e s  29  vdc ope rating and standby ( su r 
vival)  pow e r  to t h e  P S E .  A pplication o f  thi s pow e r  to t h e  P S E  i s  contr oll ed by the 
pow e r  d i s t r ibution unit ( P DU ) of the data sub system ,  whic h  als o  c onne cts standby 
powe r  to the PSE heat e r  c i r cu it in the event of int e r ruption of oper ating pow e r .  
S e pa rat e PSE pow e r  c onve rt e r s ,  located i n  the P S E  c entr al s tation e l e ctroni c s  
m odul e ,  c onve r t  A LSEP +29  vdc oper ating powe r  into the var i ou s  voltag e s  
r equi r e d  in the PSE c i r cuit s ,  a s  d e s c ribed i n  par a g raph 2 - 7 8 . 

2 - 6 8 . PSE C ommand Functions .  The following functions of the PSE a r e  contr olled 

by c ommand s from Earth: s ignal cal ibration and gain in the four s ei s m i c  data 

channel s ;  filt e r ing in the LP feedback c i r cuit s ;  leveling m o d e ,  speed,  di r e ction, 

and l e veling moto r p ower (for e ac h  axi s )  dur ing l e v eling of the LP s e n s or s ;  c ontr ol 
of the s ens �r a s s e mbly h e at e r  ope r ating mod e ;  and arming and unc aging the s e i s 
m omete r s .  A total of 1 5  c ommands a r e  u s e d  for the s e  purp os e s .  The c ommands 
a r e  channeled over 1 5  s ep a r ate c ommand lin e s  c onne c ting the A LSEP c ommand 
d e c od e r  to the PSE c e ntr al stati on e l e ct r oni c s .  The PSE CSE r oute s  the c ommands 
over s ep a r ate line s to the s en s o r  a s s e mbly. 
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The transmi s s ion of a command from an MSFN station on the Earth to the PSE 
r e sults in the generation of a c ommand pulse  by the A LSE P command decoder on 
the appropr iate command line to the PSE .  Each of the 1 5  incoming A LSE P com
mand line s is terminated in the PSE c entral station electronic s by a logic c ir cuit 
which has two or mor e  s table stat e s ,  one of which is pre set by the application of 
ALSEP power to the PSE .  Each of the two or more logic states  r epr e s ents  a c e r 
tain command, such a s  power o n  o r  power off to  the a s s oc iated  c ir cuit . R e c eipt of 
the command puls e from the command decoder cause s  the logic c ircuit to advance 
to the next stable state ,  changing the contr ol voltage  it applie s to the a s s ociated 
cir cuit . .  The pre s et function insure s  that the signal or power circuit element a s 
sociated with each command is  in the de s ired  s tate when power i s  applied.  The 
pre set state of each command is listed with the a s sociated function in Table 2 - 1 7 .  

All o f  the 1 5  command logic circuits are  composed  of one or more flip- flops . 
Four of the logic cir cuits consist  of a two-bit, s er ially connected counter which 
provides four stable output state s .  Thr e e  of the s e  counter s control switche s  which 
s e le ct s ections of step attenuator s in the s ignal paths and in the calibration c ir 
cuits of the four s eismic data channe ls . The fourth counter contr ols switching 
relays in the s ens or a s s embly heater control cir cuit s .  The eleven r emaining flip
flops control switche s  applying power to a s s ociated c ircuits . 

The pr e s et logic cir cuit is a form of one - s hot multivibrator,  which generates  the 
pr e s et  pulse  to the other logic circuits when trigger e d  by the application of A LSE P 
operating power .  

Table 2 - 1 7 .  PSE Command Functions 

C ommands 

C L - 9  Uncage (ARM/ 
FIRE ) 

C L - 1 3  Feedback Filter  
(IN/OUT) 

C L- 1 5  Leveling Mode 
(AUTOMATIC/ 
MANUAL) 

C L - 1 1  Leveling Speed 
( LOW/HIGH ) 

2 - 7 0  

Functions 

T he simultaneous unc aging of all 
four s eismic s ens o r s .  Requires  
s e parate arm and fire  commands .  

Switches the feedbac k (tidal ) filte r s  
in all three LP channels in or  out 
simultaneously. 

Switche s leveling mode of ope r a 
tion from automatic to  manual , 
or  the reve r s e , in all three  
LP axe s .  

Switches leveling speed in all thr e e  
L P  axe s from low to high, or  the 
r eve r s e ,  while leveling in the 
manual mode .  

Pre s et State 

CAGED 

OUT 

AUTOMATIC 

LOW 
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Table 2- 1 7 .  PSE Command Functions (cant) 

C ommand s 

C L - 1  0 Leveling Direc 
tion (PLUS/MINUS ) 

C L - 1 4  C oar s e  Level 
Sensor  (IN/O UT )  

C L- 6  Leveling Powe r ,  
X Motor (ON/OFF)  

C L-7 Leveling Powe r ,  
Y Motor (ON/OFF ) 

C L - 8  Leveling Powe r ,  
Z Motor (ON/OFF )  

C L- 1  Gain Change ,  
LP X ,  LP Y 

C L-2  Gain Change ,  
LP Z 

C L-5  Gain Chang e ,  
SP Z 

C L-4 Calibration, 
LP (ON/OFF ) 

C L- 3  Calibration, 
SP (ON/OFF ) 

C L- 1 2  The rmal C ontrol 
Mode (AUT O/ 
MANUA L) 

Functions 

Switche s  l eveling dir ecti on in all 
thr ee LP axes plus, or minus, 
while l eveling in the manual mode . 

Switche s powe r to coar s e  level 
s ensors  on or off. 

Switche s powe r on or off to level
ing motor in  LP X horizontal axis .  

Switches powe r on o r  off t o  level 
ing moto r in L P  Y horizontal axis .  

Switche s powe r on o r  off to level 
ing motor in LP Z vertical axis .  

Progre s s ively c ycle s the attenu 
ato r s  in the X and in the Y axe s 
s ignal channels  through 0 ,  - 1 0 ,  
- 2 0 ,  and - 3 0  db ste p s .  Require s  
one c ommand pe r step, or a total 
of four for a c omplete c yc le .  The 
attenuator s  in the X and in the 
Y axe s  calibration c ircuits are 
c yc led  through - 3 0 ,  - 20 ,  - 1 0 , 
and 0 db ste ps at the same time . 

Same as  C L - 1 ,  exc e pt that only 
two attenuator s ,  one in the s ignal , 
and one in the calibration circuit ,  
a r e  involved .  

Same a s  C L- 2  

Switche s  power o n  or off t o  the 
step attenuator s  in the calibration 
c ircuit s of all three  LP axe s .  

Switche s powe r on or off to the 
step attenuator  in the SP calibra 
tion circuit. 

Progres s ively steps the heate r c on 
trol c ircuits through four steps , 
automatic mode ON, OFF , and 
the rmostat bypa s s  mode O N  OFF. 

Pres et State 

PLUS 

OUT 

OFF 

OFF 

OFF 

Signal 
- 30 db 

Calibrate 
0 db 

Same as 
C L - 1  

Same a s  
C L- 1  

OFF 

OFF 

AUTO 
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2 - 69 .  PSE DE TAILE D  FUNCTIONAL DE SCRIPTION 

The seven seismic and tide monitoring channels and the temperature monitor ing 
channe l may be des cribed as  the monitoring function. The output data handling, 
uncaging, leve ling , thermal control, and power functions may be d e s cr ibed a s  
the supporting functions . The following paragraphs pr ovide detailed functional 
descr iptions of the monitoring and supporting functions . 

2 - 7 0 .  PSE Monitoring Functions . The long per iod ( LP) seismometer monitoring 

channels ar e de scribed fir st, followed by d� s criptions of the s hort period  (SP) 

s eismometer channels and the s ensor a s s embly temperature monitoring channel. 

2 - 7 1 .  PSE Long Per iod ( LP) Channels - Each LP sens or channe l ( Figure 2 - 4 1 )  
c ontains s ignal pro c e s s ing, e lectromechanical fe edback, and calibration cir cuits . 
The s ens or s in the two PSE horizontal channels ( X  and Y )  ar e identical, employing 
swinging gate boom and mas s  as s emblie s with capacitor s ignal pickoff. The s e  s e n
s or s  are mounted at r ight angle s to each other on the LP leveling platform. The 
boom of the X channel s ens or is oriented along the Y axis of the platform, and the 
boom of the Y channe l s ensor is oriented along the X axis of the platform. Dis 
placement of the X sens or frame with r e s pect to its s eismic mas s  occur s in the X 
axis of the platform, at right angle s to its boom. The Y axis s ensor functions s imi
larly with r e spect to the Y axis .  The gimbal platform is  oriented during deploy
ment so  that its X and Y axe s ar e horizontal and are located along known lunar 
azimuths . The vertical ( Z )  component s eismometer is a La Coste type s pr ing 
suspension. The suspension s pr ing is  mounted betwe en the horiz ontal X and Y 
axe s .  All three  s e ns or s must be leveled by adjustments to the platform and center 
ing motor s before they can pr oduce useful output data ( s ee  paragraph 2 - 7 6 ) . 

Lateral dis placement of the horiz ontal s ensor is controlled both by r e stor ing for ce  
from a centering Bendix flexur e support and by fee dback of the tidal s ignal to  the 
damping coil of the s ens or . The fr equency of the e le ctrical fee dback loop i s  nor 
mally reduced to  near de leve ls by ins ertion of  a fe edback filter in order to produce 
the tidal output signal for that axi s .  However ,  displacement r e sulting from sur 
face  tilting cannot be entir ely compensated for by fe edback. If the tilting i s  large 
enough, re leveling of  that axis will be r equir ed .  

Each of the LP s ensor s contains a transducer consisting of  thr e e  parallel capa
citor plate s .  The center plate is mounted on the s ens or frame , while the two 
outer plate s ar e mounted on the seismic mas s .  The outer plate s are conne cted 
to the balanced output of  a 3 KHz o s cillator.  When the sens or i s  properly leve led 
the center plate is centered midway between the outer plate s ,  in a null voltage  
plane .  Displacement of  the frame shifts the center plate away fr om the null 
plane, inducing a voltage in the plate in phas e with that on the outer plate it i s  
approaching . The amplitude of the induced voltage is pr oportional to the ampli
tude of displac ement .  The voltage induced in the center plate is applied to the 
s ignal pr oce s sing circuits at that s ensor .  The s e  circuits which comprise  a pre 
amplifier, pha s e  demodulator, s econd amplifier ,  step attenuator,  post- amplifier ,  
and low pas s filter ,  convert the voltage  into the seismic output signal for that 
channel. 
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Figure 2 -4 1 .  PSE Long Period Seismic Activity Monitoring 
Function, Block Diagram 

The preamplifie r  provides  the nece s sary amplification of the s ensor output prior 
to its demodulation. The pha s e  demodulator demodulate s the preamplifier output 
s ignal with referenc e to the phase  of the 3 KHz o s cillator s ignal on one of the 
outer s ensor plate s .  The phase  demodulator also provide s  a de output voltage 
whos e  polarity and amplitude are  proportional to the direction and amount of dis 
placement of the s ensor elements .  The output of the demodulator is amplified in 
the s econd amplifier and is then applied to the following two s eparate  units .  The 
fir st of the s e  units is the step attenuator in the s eismic s ignal path. The step 
attenuato r provide s  fixed steps of 0, - 1 0 ,  - 20 ,  and -30  db attenuation of the signal 
according to command s received from Earth. The s ignal pas s ed by the attenuato r 
i s  amplified in the post-amplifier  for application to the low pas s filter which 
highly attenuate s  s ignal components above one Hertz . The output of the low pas s 
filter i s  supplied to the output data handling circuits as one of the eight PSE s cien 
tific data output s .  The s econd s eparate unit i s  the filter bypas s  switch in the 
electromechanical fe edback s ignal path. The filter bypas s  switch is operated by 
command. The output of the s econd amplifier may be applied either through the 
low pas s filter  and isolation network of the feedback cir cuit to the feedback coil 
of the s eismic s ensor ,  or  the filter may be bypas s ed and the s ignal applied 
dir ectly to the network and coil. The filter s eparate s the tidal component from 
the s eismic s ignal for use  as  (a) one of the exp eriment scientific data outputs ,  
( b )  a long period feedback signal for stabilization and r e  -centering of  the s ensor 
following periods of s eismic activity, and ( c )  a position error signal for leveling 
the channel s enso r .  ' The filter is bypas s ed when high rate s of damping of the 
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sensor movement are r equir ed, such a s  during• coarse  automatic or high speed 
command (manual on) leveling of the horizontal sensors ,  or periods of unusually 
high s e i smic  act ivity. The filter  bypas s  switche s  in the feedback paths of all 
thre e  of the LP channels are  operated s imultaneously by being connected to one 
fl ip- flop log ic c ircuit terminating the feedback filter command line. The pre s et 
state of the logic c ircuit clo s e s  the bypas s  switches .  

The gain control and s ignal calibration functions are identical in all three  LP 
axe s .  The gain control function in each axi s  is independent of the calibration 
function; however,  individual calibration voltage s  in the calibration function are  
s elected through the gain change c ommands of  the gain  control  function. 

The gain control function controls the total amplifier gain in each se i smic channel 
by switching individual s e ctions of the step attenuator channel in and out of the 
s ei sm ic signal path. The attenuator s in the two hor izontal axe s  are  switched 
tog ether .  An attenuator logic c ircuit consi sting of a s er ially connected flip-flop 
counter  terminate s the X and Y axe s gain change c ommand line. This counter 
i s  stepped by individual gain chang e commands through four s equential stat e s .  
Each state provides  a combination of output voltag es  contr olling s olid state 
sw itche s in the step attenuators  of the horizontal axe s .  The counter  advances  
one step each time  a command pul s e  i s  rece ived, inc r eas ing the total impedance 
of the attenuator in l 0 db steps ,  from 0 db through - 30 db. A s eparate logic 
circuit, identical to that controlling gain in the two horizontal channels ,  term in
ates  ·the Z axi s gain chang e command line and control s gain in the LP vertical 
channel .  The functioning of the gain control c ir cuits of thi s channel  are identical 
to thos e  of the horizontal channels pr eviously desc r ibed. 

A lternate outputs of the log ic c ircuits controlling s ei smic s ignal gain in each of 
the thr ee  LP channels are applied to attenuator c ircuits in the s ignal calibrat ion 
circuits of each channel. The s ignal cal ibration function i s  used together with 
the gain control  function to g ene rate LP output s ignals with amplitude s  which 
repre sent known s ensor displacem ents .  The s ignal calibration c ircuits of each 
LP s ens or are comprised of a calibration logic circuit, two calibration s ignal 
switche s ,  two step attenuators ,  thr ee  i s olation network s ,  and the feedback cali 
bration coil s .  The cal ibration logic c ir cuit consists  o f  a flip-flop. In i t s  pre s et 
state the logic opens the two s olid state calibration s ignal switche s ( X  and Y ,  and 
Z ) .  The logic state may be chang ed by command. When clo s ed by the LP cali
brate comm and, the switches apply a +2. 5-volt refer enc e s ignal from the PSE 
power distr ibution sys tem to the step attenuator in each of two calibration c ir
cuit s .  One calibration c ircuit applies the refe rence signal to the s ensors  in  the 
two horizontal channels  and the other  calibration circuit appl ies  the r efer enc e 
signal to the s ensor in the vertical channel. The impedanc e of each attenuator i s  
controlled by the gain change commands ,  which vary the alternate output o f  the 
gain control  function logic ( c ounter )  governing se i smic s ignal gain in the sam e  
channel s .  The alternate outputs are used to provide' minimum attenuation ( 0  db) 
of the calibration s ignal with maximum attenuation ( - 30 db) of the s eismic s ignal 
conver s e ly. The pr e s et state of the gain control logic switche s the calibration 
step attenuator to the - 30 db step. The outputs of the attenuator s are applied to 
the i s olation networks , and then to the feedback calibration coi l  of the s ensor  
involved. The i solation networks prevent feedback of the calibration signal into 
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Figure  2 -4 2 .  PSE Short Period Seismic A ctivity Monitoring 
Function, Block Diagram 

-

the s ei smic s ignal path. However ,  when the de voltages are  applied to the feed
back calibration coil, steady displacements o f  known amplitude are  produced 
which in turn produce a de output s ignal in the a s s o ciated channel r ep r e s enting 
the known amount of applied acceleration . 

2 - 7 2 .  PSE Short Period (SP) Channel - The SP channel (Figure 2-4 2 i s  s imilar to 
the long period channels ,  differing primarily in the type and fr equency rang e of 
its s ensor ,  the numbe r of components ,  and the character  of it s output s ignal . 
The SP s e ismometer compri s e s  a velocity type s ensor and s ignal pro ce s s ing and 
calibration cir cuits . 

The SP s ensor i s  compri s ed of a permanent magnet seismic  ma s s  suspended by 
a leaf spring and stabilizing delta rods . The mas s  is des igned to move vertically 
within a vertically mounted coil mounted in one hemi spher ical base of the sens o r .  
This configuration i s  s ensitive t o  rate o f  motion in the vertical axis ,  but le s s  
s ens itive to lateral o r  tilting motions and does  not require  leveling beyond that 
provided during deployment ( ± 5 •  of vertical ) .  A s ensor coil magnet a s s embly 
s imilar to tho se  of the LP s ens o r s  i s  used for calibration purpo s e s . 

The voltag e s  induced in the SP s ensor  output coil by motion of the lunar surface 
in its vertical plane a r e  applied to the SP s ignal proc e s s ing c ircuits . The s e  
circuits consist  o f  a preamplifi er, step attenuator ,  post -amplifier ,  and low pas s  
filter .  The preamplifie r  provides amplification of the s ensor  output s ignal, 
prior to transmis s ion of this s ignal from the s ensor  a s s embly to the remaining 
s ignal proces s ing circuit s  which are  located in the PSE c entral station electronic s 
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suba s s embly. C ontrol of the total amplification of the SP s e i smic s ignal i s  pro
vided by the step attenuator ,  as  in the LP channels .  The s ignal pas s ed  by the 
attenuator is amplified in the post- amplifier  for application to the low pa s s  filter .  
Sinc e higher frequency components  are  pre sent in the SP s ignal than in  the LP 
s ignals ,  the SP low pas s  filter has a higher cutoff frequency. The filter  output 
i s  applied to the PSE output data handling c ircuits as one of the PSE s cientific 
data output s ignal s .  No tidal s ignal is produc ed by the SP s ensor .  

The  SP gain  control function i s  like that of  the LP channel.  A c ounter logic c i r
cuit terminates  the SP gain change command line c ontrolling a s tep  attenuator  
in  the SP  se i smic  s ignal proc e s s ing c ircuit s .  

The SP  s ignal calibration function i s  s imilar but not identical to that o f  the LP 
vertical axis .  A logic c ircuit, step attenuator ,  calibrat ion s ignal switch, and 
one coil  magnet a s s embly in the SP s ens or are employed. The logic c ircuit 
which terminates  the SP calibrate command line is a flip-flop which c ontrol s  the 
calibration s ignal s witch. In the SP calibration circuits , the 2. 5-volt r eference 
signal from the PSE power conve rter 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 impedance of the SP step attenuator i s  controlled by the 
alternate output of the logic ( counter)  terminating the SP gain chang e c ommand 
line, as in the LP calibration c ircuit s .  When the calibration s ignal switch i s  
commanded on, by its logic circuit, the attenuator output i s  connected t o  the 
calibration coil on the SP s ensor .  The  calibration voltage i s  a s tep  function 
produc ing a known acc ele ration of the SP sensor se ismic ma s s . 

Two command line s from the data subsystem are provided for c ontrol of the SP 
calibrat ion function. The primary SP calibrate command is routed through the 
ALSEP command decoder and carr i e s  Earth- or ig inated command pul s e s .  In 
the event of uplink failure ,  3. s econd calibrate command i s  provided from the 
central station tim er  in the data sub system . The s e  backup pul s e s  provide auto
matic calibration of the SP channel s ignal every 1 2  hour s ,  us ing the exi sting 
attenuator s etting s .  

2 - 7 3 .  T emperatur e Monitor ing Channel - The PSE tem perature m onitoring 
channel develops an output s ignal porportional to the temperature of the s en s or 
a s s embly. It cons ists  of a tempe ratur e sens ing bridge c ircuit and a d iffer ential 
amplifier .  A 3 KHz s ignal,  from the 3 KHz osc illator in  the LP s e i smic chan
nels ,  is applied to the input of the br idg e c ircuit which is balanc ed at 1 2 50F. Two 
therm istors in the bridg e arms are m ounted on the ba se  of the s ensor a s s embly, 
and s ense  chang es  in its tempe ratur e .  Change s  as small as  0. 2° F ar e  enough 
to unbalanc e the bridge  circuit suffic iently to develop a temperature output s ignal 
from the differ ential amplifier which i s  pr oportional to the direction and amount 
of change .  Thi s s ignal is applied to the PSE output data handling cir cuits as one 
of the experiment s c ientific data output s .  

2 - 74 .  PSE Supporting Function s .  The supporting functions comprise  data hand
l ing , uncaging, leveling, thermal cont rol, and power  functions . 
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2 - 7  5 PS E Data Handling - The output data handling function cir cuits ( Figure 2 -43 ) 
handle tht• .conv e r s ion of the analog output s i gnals of the eight s c ientific data 
c hannels into digital fo rm, the formatting of the digital data into 1 0 - bit wor d s  for 
S (• rial in s e rtion into each of the 90 A LS E P  t elemetry frames in one cycle,  and 
thL' l· om bi n i ng of 1 1  analog s tatu s s ignals  into eight analog channel s  for ins e rtion 
i nt ,) hou s ek e eping word num b e r  33 of each of eight ALSEP telem etr y  fram e s .  

The output data handl ing c i r c uit s c on s i st o f  e ight maj o r  functional block s ,  which 
a r e  p r og ram c ontrol and buffe r amplifi e r s ,  fram e p o s ition c ount e r ,  data c hannel 
s e lector ,  a nalog multiplexe r ,  analog - to- digital c onve rter t r an sfer g at e s ,  shift 
r eg i ste r ,  and hou s ekeeping data addition and t ransfe r networks . 

The p r og ram c ontr ol and buffe r amplifie r  subfunction pr ovide timing and c ontr ol 
pul s e s  to the oth e r  subfunction s .  It i s  the inte rfa c e  betw e e n  the PSE data handling 
c i r cuits and the ALS EP data subsystem. The buff e r  amplifier s  terminate the in
put and output line s to and fr om the ALSEP data subsyst em , p r oviding i s olation 
of the s e  line s from the PSE c i r cuit s .  

T h e  fram e p o s ition c ount e r  p r ov id e s  telem e t ry frame and word pos ition pul s e s  t o  
the data channel s elector,  enabling i t  to  s elect the multiplexe r  data channel 
a s s ig ned to each of the 43 PSE data words in each ALSEP telem etry fram e at the 
appropriate tim e s .  

The data c hannel s elector d e c o d e s  the fram e  po s ition c ount e r  output s and us e s  
them t o  c ontr ol the gating of each o f  the eig ht PSE s c i entifi c data outputs thr ough 
the analog multipl exe r  to the analog - t o - digital conv e rt e r  in the PSE c e nt r al station 
e le ctroni c s  m odule.  The data c hannel s el e ctor c aus e s  the multiplexer to sampl.e 
the s ho r t  p e r i od s e i sm ic s ig nal a total of 29 word-tim e s  in each ALSEP telem etry 
fram e.  The thr e e  l ong p e r iod s ei sm i c  s ignals are each sampled four w ord-tim e s  
in each ALSEP fram e .  T h e  tidal s ignals i n  each of the two ;LP hor i zontal axe s  a r e  
s ampled onc e every even fram e .  The tidal sig nal i n  the LP v e rtical channel and 
the s en s o r  a s s em bly tem p e ratu r e  s ig nal a r e  sam pled ever y  odd fram e .  

T h e  analog multiplexe r gat e s  each of the eight s c ientific data output s ignals  t o  the 
analog - t o - digital c onve rte r  in the PSE c ent ral station elect r oni c s  m odule a c c o r d 
ing to t h e  c ontrol pul s e s  r e c eived f r om t h e  data c hannel s elector . 

The transfer gat e s  a r e  enabled by p r o g r am c ontrol pul s e s  to shift the 1 O - b it data 
w o r d s  out in par allel f r om the dig ital - t o - analog c onver t e r  and into the shift 
r eg i ster  at the appropr iate t im e s .  

The PS E d i g ital s cientifi c data comp r i s e s  4 3  o f  the 6 4  wo r d s  i n  each A LSEP tele 
metry frame . E a ch data wo r d  c on s i st s  of 1 0  N R Z  bit s . A listing of PS E t e l e 
metry wo rd a s s ignment s i s  given in Table 2 - 1 8  and in the Appendix .  PS E data 
word lo cation s in the A LSEP telemetr y  frame a r e  s hown in Figu r e  2 -44 . The 
n o r mal A LS E P  bit r epetition rate i s  1 060 b p s .  Und e r  difficult telemetry commun 
i c ations conditio n s ,  the s low A LS EP b it r at e ,  which i s  half the no rmal r at e ,  may 
be u s e d .  
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Figure  2 -44 . PSE Data Word A s signments in ALSEP Telemetry Frame 

The hous ekeeping data addition and transfe r  networks combine 1 1  status s ignals 
into eight channels and transfer the s e  analog data to the A LSEP data proces sor  
analog multiplexer .  Thr e e  pair s  of  command status s ignals are  added in  re sistor 
netwo rks to form thre e  combination s ignals . The s e  thr ee  s ignals and the five 
s ingle signals are  applied to the data proc e s so r .  The thr e e  summe d  pair s of s ig 
nals are  the outputs of  the logic cir cuits terminating certain command line s and 
in each cas e are  a change in level expected as the r e sult of the transmi s s ion of 
a s sociated command s .  The eight analog signals  are  li sted in Table 2 - 1 8  along 
with the telemetry frame in which they are  t ransmitted in houseke eping wor d  
number 3 3 .  
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Table 2 - 1 8 . PSE Measurem ents  

PSE A LSEP 
Measurem ent Name Symbol Word No ' s  Fram e s  

Scientific Data 

L ong Period X DL- 1 9 , 2 5, 4 1 , 57 Every 
Long Period Y DL- 2  1 1 , 2 7 ,  43 , 59 Eve ry 
Long Pe riod Z DL- 3  1 3 , 29 ,  45, 6 1  Every 
Long Pe riod Tidal X DL- 4  3 5 Even 
Long Period Tidal Y DL- 5 37  Even 
Long Period T idal Z DL- 6  3 5  Odd 
Instnrment Temperature DL- 7 37 Odd 
Short Period Z DL- 8  Every even word Every 

except 2, 46,  and 56 
(29 wo rds per  frame) 

Engineer ing Data 

LP Ampl. Gain, X and Y AL- l 3 3  2 3 
LP Ampl. Gain, z AL-2  3 3  3 8  
Leveling Direction and Speed AL- 3 3 3  5 3  
SP Ampl. Gain, z A L - 4  33  68  
Leveling Mode and Coarse  

Sens or Mode AL- 5 3 3  24 
Thermal C ontrol Mode AL-6  3 3  39 
Calibration Status ,  LP & SP AL- 7 3 3  54 
Uncage Status AL-8 33  69 

B oth synchronization and data c ontrol puls e s  are  received from the ALSEP data 
proc es sor  for controlling the PSE output data handling functions. Even fram e 
mark, data gate, and shift pul se s  are provided by the ALSEP data proce s s or to 
synchronize and control the formatting of the PSE data into 1 O-bit words compat
ible with ALSEP telemetry r equirements .  The even frame mark puls e s  mark 
the beginning of each even numbered telemetry frame and are used in the program 
control ,  frame position counter ,  and data channel s elector subfunctions .  The 
demand pul s e s  are one 1 0 - bit word in length and are g enerated by the data proc e s 
s o r  for use  in the program control cir cuit s t o  gate data out of the shift r eg i ster , 
on demand , to the data proc e s so r .  

2 - 7 6 .  PSE Uncaging and Leveling - Uncaging and leveling a r e  s eparate ,  but re lated 
functions ( Figure 2 -4 5 )  which ar e grouped together in thi s  de s c ription for the 
purpo se  of dis cus s ion.  Uncaging must be performed after  deployment before  
data can be  obtained from e ither LP or  SP s ei smometer s .  After  uncaging, leve l 
ing must b e  perform ed in all thr ee  axe s  of the L P  s eismom eter before  us eful data 
can be obtained. The SP s ei smometer does  not require leveling beyond that per
formed during deploym ent. 
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B oth LP and SP  s ei s mometer s  a r e  caged upon c ompletion of acceptanc e tes ts  
and following final a s s embly at  the tim e of manufacture .  The  sensors  are  not 
uncaged until after  deployment on the lunar surface. The p r e s surized bellows 
type cag ing mechani sm ins ert s  two locking pins in pos ition into the bottom s of 
the seismic m a s s e s .  The locking pins and cag ing bellow s mechanism unload the 
s e n ::; o r  s u s pen s ion s y stem s ,  absorbing shock and acc eleration which might other 
w i s e  d<�m<�ge  the delicate ma s s  suspension system s  during handling on the Earth, 
th e  M o o n ,  a nd du ring flight. 

The unc aging function i s  a logic c ircuit and an uncaging mechani sm which i s  
compo s <'d o f  a c apac itive -discha rge c ircuit, pis ton actuator ,  pis ton, and a 
b reak-off valvt' in the bellow s pre s sur ization sys tem. Two c ommands are  r e 
quired  t o  c omplete the unc aging cyc le . The fir st c ommand (Arm) switche s  the 
log ic c ircuit from its pre s et (caged)  state to "armed " ,  which cau s e s  the charging 
of a c apac itor in the c apac itive - di s charge c ir cuit. Afte r  approximately 3 0  sec � 
onds ,  the s ec ond c ommand (unc age ) is s ent, cau s ing the cha r ged  capac itor to be 
d i scharged th rough the pi ston actuator bridgewire .  The br idgewire  initiate s the 
piston actuator ,  breaking the b r eakoff valve ,  and depr e s sur iz ing the caging bel
low s .  The be llow s are collaps ed, withdrawing the locking pins from the ma s s e s  
and loading the su spension system. 

Pos ition type s e rvo me chanisms are  employed to independently level each LP 
axis .  The horizontal axe s have identical leveling drive s and the vertical axi s  i s  
s imilarly cente red by a motor  drive ( Figur e 2 - 4 5 ) . 

The X and Y axe s  leveling motor s physically po s ition the gimbal platform a s  well 
as their r e s pective s ensor s ,  while the Z motor po s itions it s s en s o r  with r e s pect  
to the platform . Chang e s  in  platform po s ition in  the ho rizontal axes  thus affect 
the pos ition of the vertical axis s ensor ,  r equir ing that it be centered la st .  

The s ervo mechani sms  used in each LP axi s have two modes  of  ope ration : aut o 
matic and command .  The automatic mode  u s e s  pos ition- er ror  s ignals g enerated 
within the PSE s ensor ,  while the c ommand mode u s e s  pos itioning s ignals g ener 
ated by Ea rth- 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 - coar s e  mode i s  used w ith pos ition error s ignal s from the cor r e s 
ponding ( X  or Y )  c oars e  level s en s o r s  on the level ing platform t o  achieve l evel ing 
in the X and Y axe s .  The se  pos ition- error s ignals a r e  u s ed to r educ e the r ela
tively la rge  initial off- level (±  5 deg r e e s )  which i s  po s s ible from the manual 
leveling proce s s  dur ing deploym ent .  Following the coar s e  leveling s equenc e ,  the 
automatic -fine leveling mode is u s ed. In thi s  mode,  the tidal output s ignal of the 
s e i sm ic channel i s  employed a s  the pos ition- e rror  s ignal .  This proc e s s  i s  
d e s igned to r educ e leveling e r r o r s  of the L P  s ei smometers  t o  le s s  than thr ee  
s econds of  arc .  The c ommand m ode leveling speeds ·  may be s imila r ly used  for 
leveling by Ea rth po s itioning c ommand s ,  us ing the telemete red tidal and s ei sm ic 
s ignal data from the channel be ing leveled as  the pos ition- e r ror  s ignal. A total 
of up to two hour s may be r equi r ed for completion of the fine leveling in all thr ee 
axe s after  deployment and ver ification of s ystem operation. Selection of the 
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axis to be leveled, and leveling mode, speed, and direction are controlled by 
s even Earth commands.  The vertical axis leveling modes are s imilar to those  
of the horizontal axes .  However ,  the automatic -coar se  speed leveling !mode is 
not u s ed for the vertical c omponent. 

Figure 2 -4 5  shows the leveling function circuits of all three axes as well as the ir  
interrelationships .  The se  circuits consist of  command logic and switching c ir
cuit s ,  leveling c ontrol c ircuit s ,  their associated leveling motor s ,  and position
error s ignal g eneration circuits .  

The command logic and switching c ircuits terminating each of the command lines 
a s sociated with leveling are shown in Figure 2 -4 5 . These  circuits comprise  
log ic circuits controlling the feedback filter bypas s  switches of each axis ,  power 
to the leveling motors  of each axi s ,  leveling mode, and command leveling speed 
and direction. The feedback filter log ic circuit is used to switch the feedback 
filter out of the feedback loop { s imultaneously in all three axes )  during the 
automatic -c oarse  and c ommand-high speed leveling mode s .  This i s  done to de
c r ease  the sens itivity of the s ei smometer s  during leveling. The leveling logic and 
switching c ircuit s c ontrol application of operating power to the leveling motor 
drive c ircuits of the ir respective axe s .  The leveling mode, c ommand'leve ling speed 
and direction logic, and switching c ircuits control these  functions in all three axe s .  

Details of the leveling control circuit s of the X axis are  shown in  a block in the 
center of Figure 2 -4 5 .  The leve ling control c ircuits of the Y and Z axe s are 
indicated by  a s imilar b lock. The se  c ircuits are identical for X and Y and are 
s imilar for Z. The circuits comprise  a leve ling motor power switch, fine (auto
matic ) and command leveling drive c ircuit s ,  bi-directional puls e generator, an� 
leve ling motor drive c ircuit s .  The X and Y axe s inc lude coar s e  leveling drive c ir 
cuits for leve ling of the gimbal platform. ( The s e  circuits are not required for 
the Z axi s ) .  The thr ee { fine, command, and coar se )  leveling drive circuit s  are 
each enabled in their a s s oc iated leveling mode. The level drive circuit s convert 
leveling pos ition- error or direction and speed input s ignals into polarized outputs 
for operation of the bi- direct ional drive pulse generator. The bi-directional 
drive puls e  generator generates a ser ies  of output pul s e s  with width and polarity 
proportional to the amplitude and polar ity of its input s ignals .  The pulse  gener 
ator output signals drive the leveling motor drive c ircuits by means of dr iving 
s ignals to the leveling motors which are proportional to the bi-directional pulse  
g enerator output. The level motor drive c ircuits are operated by  + 2 9  volt power 
which is  controlled by Earth command. 

Figure 2 -4 5  shows the relationship of the leveling platform and motor s ,  the three 
LP s ei smic activity monitor ing functions {which generate the position error s ig 
nals for leveling in the automatic - fine mode) ,  and the coar s e  s ensor s of the X 
and Y axes {which generate the pos ition error s ignals for the automatic -coar se  
mode of leveling the se axes . ) 

The functions of the leveling s ervo loops in the different modes of operation are 
desc ribed by following the leveling commands and error signals through the 
l eveling se rvo circuits of the X axis .  The c i rcuits of the other axes function in 
a s imilar manner. 
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Leve ling of th e  X axis r e qu ir e s  that pow e r  be applied t o  th e X axis leve ling motor 
by c ommand. A pul s e  mu s t  be applied t o  the logic c ir cuit t e r minating th e leve ling 
pow e r  X m ot o r  c ommand line b e c au s e  the pr e s et s tat e of thi s logic c i r cuit r e 
s ult s i n  the oper ating pow e r  c i r cuit of the X axis l ev eling motor being open. The 
c ommand pul s e switch e s  the l og i c  c i r cuit t o  i t s  alternate state , c l o s ing the 
a s s o c iated X axi s l e veling switc h ,  and c onne cting a d e  volta g e  t o  the level ing 
m ot o r  pow e r  switch in the X axi s l eve l ing c ont rol c ir c u it s .  The l e v eling m ot o r  
pow e r  s w it c h  i s  c lo s ed b y  the d e  v olta g e  and appl i e s  + 2 9 - volt oper ating pow e r  

to t h e  l e v el ing motor d r ive c i r cuit s .  

T he l ev eling m od e  l ogic c i r c uit s e l e c t s  e ithe r  th e autom atic o r  c omm and l eveling 
m od e  a c c o rd ing t o  i t s  output s t a t e .  The pr e s et state of the leveling mode logic 
c i r cuit c l o s e s  the automatic l e v e ling mode switch applying a de volta g e  to th e 

c o a r s e  l ev e l ing s w itch and to the fine l ev e l i ng d r iv e  c ir cuits . W ith the c o a r s e  
l ev e l ing lo g ic c ir c uit i n  i t s  pr e s e t  s ta te ,  th e c o a r s e  l ev el ing switch i s  open,  and 
pow e r  i s  no t a ppl ied to the coar s e  l ev e l  s e n s o r s o f  th e hor izonta l  axe s . Th i s  
pe r m its l ev e l ing in the automatic fin e  l ev el ing submod e . If r e l a tiv e l y  l a r g e  
l e v e l ing po s i tion - e r r o r s a r e  pr e s e nt afte r d eplo y me n t ,  the au tomatic coar s e  
l ev e l ing s ubmode c a n  b e  s el e c ted by the coar s e  s e n s o r  co mmand . Th i s  c o mmand 
pul s e  s e t s the coar s e  l ev e l in g  l o g ic to its al te r na te s ta t e , c l o s ing the coa r s e  
l ev e l ing sw itch and apply ing pow e r  to the X and Y coar s e  l ev e l  s e n s o r s .  The s e  
s e n s o r s  a r e  m e r c ur y  s w itches mounted o n  the g imbal pl atfo r m .  The m e r cury 
sw i tc he s g e ner ate r e l a tiv e l y  l ar g e  l ev e l ing po s i tion - e r r o r  s ig na l s  of c o n s ta n t  
ampl itude with a po lar ity dependent o n  tha t  o f  the po s i tion e r r o r . The o u tpu t o f  
the X axis coar s e  l e v e l  s e n s o r  i s  appl ied to th e c o a r s e  l e v e l ing dr iv e  c ir c uits in 
the l ev e l ing c o ntrol c ir cu i ts fo r th e X axis . The ou tput s ignal o f  the c o a r s e  
l ev e l ing d r iv e  c ir c uit c o n tr o l s  the outpu t o f  the b i - di r e c tional pul s e  g en e r a to r . 
The g e n e r a tor produ c e s  a s e r ie s  o f  po l a r i z ed pul s e s  w i th w id th and po l a r i ty pr o 
po r tional to the a n�pl itud e and d ir e c tio n  o f  the l ev e l ing po s ition e r r o r . The s e  
pul s e s  a r e  appl it-d to the l ev e l ing mo to r d r iv e  c ir cuit  along w ith + 2 9 - v o l t  ope r 
a t ing po wer from the l ev e l ing mo to r pow e r  sw itch a s  pr ev iou s l y  d e s c r ib e d . The 
l ev e l ing mo to r d r iv e  c ir cu its apply oper a ting powe r  to the l e v e l ing mo to r in pro 
po r tion to the pul s e  width and po l a r i ty of th e d r iv e  s ignal from th e b i- d ir e c t ional 

pul s e  g e n e r a tor . The l ev e l ing mo to r slowly r epo s itio n s  th e l ev e l ing platfo r m  
about its X axis r educ ing the l ev e l ing po s i tio n e r r o r . Dur ing the final po r tion o f  

the l e v e l ing pro c e s s ,  par ticular ly i n  the fin e and low s p e e d  mod e s , po s ition e r 
r o r s  �r e r edu c ed to l e s s  than thr e e  s e conds o f  a r c  a nd the l ev e l ing r a te s  ar e pro 
po r tiona tely l owe r a nd the r e by s lower . 

A s e cond c o mmand (pul s e )  appl ied to the coar s e  s en s o r  c o mmand l ine r e s e t s  the 

coar s e  l ev el ing l o g ic to its  o r ig inal (pr e s e t ) s ta te , r e s to r ing the auto ma t ic fine 
l ev e l ing submod e . The tidal ou tput s ignal of the X axis s e i s m i c  a c tiv ity mo n ito r 
ing func tio n  i s  al s o  appl ied to th e fine l ev e l ing dr iv e c ir cuits . The fine l ev e l ing 
dr iv e  c i r cu i t s  g e ne r ate an outpu t s ignal propo r tio nal to the d i r e c tio n and ampl i 
tude o f  the l ev e l ing po s ition e r r o r . T h i s  s i gnal i s  appl ied t o  the b i - d i r e c tio nal 
d r iv e  pul s e  g e n e r a to r , contr o ll ing its ou tpu t in th e s ame manner as the outpu t 
s igna l s  of the coar s e  l ev e l ing d r iv e  c ir c uits . 
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The c o mmand l ev e l ing mo d e  i s  s e l e c ted by the al te r na t e  s ta te of the l ev e l ing mod e  
l o g i c  c ir c uits . The pr e s e t  s tate o f  the l o g i c  c ir cuit i s  changed t o  the alte rnate 
s ta te b y  a co mmand pul s e  on the l e v e l ing mode co mmand l ine . The al te r nate s ta te 
o p e n s  the auto ma tic l ev e l ing mod e  sw itch and clo s e s  the command l ev eling mode 
sw itc h .  Open ing the auto ma tic l ev e l ing mo d e  switc h  d i sabl e s  bo th the fine l ev e l 
ing d r iv e  c ir cuit and the c oa r s e  l ev e l ing switch, e ffe c tiv e l y  d i s a b l ing b o th o f  the 
automatic l ev e l ing s ub mo d e s . Clo s ing the c o mmand l e v e l ing sw itch conn e c t s  
po w e r  t o  th e  plus and minu s (l ev e l ing ) dir e c tion switche s .  The pr e s e t  s tate o f  the 
co mmand { l ev e l ing ) d ir e c tion log ic clo s e s  the plu s  d ir e c tio n switch and open s the 
m inu s d ir e c tion switc h .  The ou tput vol ta g e  o f  the plu s  d ir e c t io n  s w itch i s  appl ied 
to the c o mmand l ev e l ing d r iv e  c ir c uit in the X ax is l ev e l ing contr ol c ir cuits e n 
a b l ing i t  a n d  contr o l l ing the po lar ity o f  its  output s ig nal . A co mmand pul s e  on the 
l evel ing d i r e c tion c ommand l ine caus e s  the c o mmand d ir e c tion l o g ic c ir cuit to 
chan g e  its a l t e r na te s ta te ,  clo s ing the m inu s d ir e c tion s w i tch and opening the plu s 
d i r e c tion switch.  This r ev e r s e s  the po lar ity o f  the output s ig na l  o f  the c ommand 

l ev e l ing dr iv e  c ir cu i t .  The pr e s e t s tate of the co mmand s p e e d  l o g ic c ir cuit opens 
the c o mmand s p e ed switch and ope n s  a g r ound c ir cuit  to the c ommand l e v e l ing 
dr ive c i r c u i t .  The output s ignal o f  the d r iv e  c ir c ui t  is  the n  the low e r  of the two 
pr e s e t  a mpl itude l ev e l s .  A command pul s e  on the l e v e l ing s p e e d  c ommand l in e  
cau s e s  the co mmand s p e e d  l o g i c c ir cu i t  t o  chang e t o  its  al te r nate s tate , clo s ing 

the co mmand s pe ed switc h .  Compl e t ion o f  thi s  c ir c uit  cau s e s th e output o f  the 
command l ev e l ing d r iv e  c ir c uit to be the higher o f  i t s  two pr e s e t  s tate s .  The out
pu t of th e c ommand l ev e l ing dr ive c ir c uit  is appl i ed to the b i - dir e c tio nal dr iv e  
pul s e  g e n e r a to r ,  wh ich produc e s  output pul s e s  propo r tional t o  the a mpl itud e and 
po lar ity of the dr iv e c i r cu i t  s ig nal . The output of the pul s e  g ene r a to r  contr ol s  the 
l e v e l ing mo to r  through its  dr iv e  c i r c u it a s  in the automa tic mod e . 

The control a·nd l ev e l ing func tio n s  of the Y ax i s  a r e  identical to tho s e  de s c r ib ed fo r 
the X axis . Tho s e  in the Z a x i s  ar e s imilar w ith the ex c e ptio n  o f  the coar s e  l ev e l 
ing mode c ir c uit r y .  Th e s e  c ir c uits  a r e  no t r e quir ed in the Z axis b e c au s e  the ir 
fun c t ion i s  ac co mpl i s hed b y  tho s e  of the X and Y axe s  and the l evel ing of the 
l ev e l ing pl a tfo r m .  

2 -77 . PSE The rmal C ont r ol - The the rmal c ont r ol fun ction cir cuit s ( Figur e  2 -46 ) 
c ont r ol the appli cation of ope r atin g powe r t o  the s e n s o r  a s s e m bly he ate r s  whi ch a re 
located in the b a s e  of the a s s embl y .  Thr e e  mode s of o p e ration a r e  p r ovided : 
automat i c ,  the r mo s tat bypa s s  ( manual on ) ,  and powe r off . The the rmal c ontrol 
c i r cuits comp r i s e a logic cir cuit, he at e r  powe r r e la y ,  bypa s s r e lay,  multiv i 
b r at o r ,  heat e r pow e r  s witch, and the heat e r .  

Ope r ating pow e r  i s  appl ied to th e heate r  po wer r e la y  fr om the PSE pow e r  d i s tr i 

bution c ir c ui t s . Th i s  r e l ay and the bypa s s  r e l ay co n tr o l  the operating mode of the 

h e a te r ,  and a r e  in turn controll ed by the l o g i c c ir cu it .  Th e l o g ic c ir cu i t  termi

nate s the the r mal control mo de c o mmand l ine and con s i s ts o f  a two - b i t ,  s e r ially 

c o nn e c ted fl ip - fl o p  counte r . The coun te r has a to tal o f  four two - b it o u tpu t vo l ta g e  

c o mb ina tio n s . One o f  the b it- outputs control s the heate r  pow e r  r'el ay a n d  the o the 1· 

the bypa s s  r e l ay . 
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Figure 2 -46 .  PSE Ther mal Control Function, Block  Diagram 
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In bo th the auto matic and the rmo s ta t  b ypa s s  mod e s  the heater pow e r  r elay i s  

c l o s e d  c o n n e c ting o pe r a ting pow e r  to the heater pow e r  switc h .  In the pow e r  off 

mod e  th i s  r el ay i s  o pe n ,  inte r r upting the po w e r  c ir c uit . The heate r  powe r  switch 

i s  tu r n e d  on and o ff a t  a 3 KHz r a t e  b y  the multiv ibr ato r . When the heate r  pow e r  

s w itch i s  o n  and the he ater pow e r  r e lay c l o s ed ,  oper ating powe r  i s  c o nne c te d  to 
the heate r . 

The p r o po r tio n o f  time when po wer to the heater power sw itc h is o n ,  i s  var ied by 
the n1ul tiv ib r a to r  a c c o r d ing to th� ten1pe ratu r e  s ignal r ec e ived from the tempe r a 
tu r e  mo n itor ing c ir c uits . A d e c r e a s e  i n  tempe r a tu r e  l e ng thens the pow e r  o n  
pe r io d  and c o nv e r s el y .  The mul tiv ib rator i s  d r iv en a t  the 3 KHz r a te by the 3 KHz 
o s c ill ator in the LP s e i s m i:c c hannel s .  

In th e  auto ma tic n1od e  the b ypa s s  r e lay i s  open , per mitting the h e a te r  power s w itch 
to control appl ic atio n  of pow e r  to the hea te r . In the the r mo s ta t  bypa s s mod e the 
b ypa s s  r elay i s  c lo s e d ,  c o nn e cting powe r a r ound the switch to the heat e r . 

2 -78 .  P S E  Powe r Conv e r t e r  - The powe r conv e r t e r  ( F i gu r e  2 -4 7) conve r t s  A L S E P  
+ 2 9 - volt o p e r ating p o w e r  t o  t h e  + 1 2 , + 5 ,  -1 2, +2 .  5, and - 2. 5  de volta g e r equi r e d  
i n  t h e  PSE c i r cu it s ,  g e ne r at e s  the c o mmand l o g i c  p r e s et pul s e ,  and . p r ovide s i s o 

lation o f  the o p e rating and standby powe r l i n e s  t o  the s en s o r  a s s embly he ater . 

The power conv e r te r  c ir c uits c o mpr i s e  an inv e r ter , thr e e  r e c tifie r - fil te r c ir cuits , 
v o l ta g e  r eg ul a to r  and contr o l  switc h ,  cu r r e n t  l imite r ,  :t: 2 .  5 vdc r e fe r en c e  vol tage 
supply ,  pr e s e t  lo g ic and s tandby pow e r  i s o l a tion n e two r k .  

The inv e r te r  cho p s  the + 2 9 - v o l t  opera ting pow e r  into a s e r ie s  o f  pul s e s  and appl i e s  
th e s e  pul s e s  a s  a n  inpu t s ignal to the thr e e  r e c tifie r - fil ter c ir cuits . The r e c tifie r 
fil ter c ir cuits each con s i s t  o f  a full wav e b r idg e r e c tifier and low pa s s  fil te r , and 
pr odu c e  the + 1 2 ,  + 5 ,  and - 1 2  vol t output s .  The vol tage r eg ul a to r  and control 
sw itch contr o l  the ampl itude o f  the s e  d e  vol tag e s  b y  mo nitor ing the + 1 2 - v o l t  outpu t .  
The r eg ul a to r  c ir cuit c on ta i.n s a v o l ta g e  co mpa r a to r  and mul t iv i b r a to r . The vol t
age c o mpa r a to r contr o l s the mul tiv ib r a to r . The mul tiv ib r a to r  d r iv e s  the contr ol 
sw itch to adj u s t  the l eng th o f  time power is appl ied to the inv e r te r  dur ing each hal f 
o f  its  ou tput cycl e .  An inc r e a s e  in the ampl itude of the + 1 2 - vo l t  supply c au s e s  a 
d e c r e a s e  in the r a tio o f  pow e r  o n  to pow e r  o ff time , and conve r s el y . The cur r ent 
l imiter func tions a s  a se r ie

,
s r e gulato r ,  lim iting the maximum am ount of c ur r ent 

d r awn by the inv er ter . 

The ± 2 . 5 - v o l t  r e fe r en c e  supply c o nv e r t s pa r t  of the outpu t of the + 1 2 - vo l t  suppl y 
to low r ippl e ,  low no i s e ,  + 2 .  5 and - 2 . 5 vol t r e fe r en c e  outpu t s  fo r u s e  in the PS E 
c a l ib r a tion c ir cuits and in the ALS E P  data pr o c e s so r . It c on s i s t s  o f  a r efe r en c e  
vol ta g e  sour c e  s uppl y ing the +2 . 5 and - 2 . 5 vol t outpu ts and e l e c tr o n ic s e r ie s  volt
ag e r e g ul a to r s  in each output . 

The pr e s e t  lo g i c  c ir cuit i s  a fo r m  o f  o n e - sho t  mul tiv ib r a to r  t r ig g e r ed by the output 
of the + 5 - v o l t  suppl y .  It pr o duc e s  the co mmand type pr e s e t pul s e  to the co mmand 
l o g ic c ir c u its when o pe r a ting power is fir s t  appl ied to the PS E .  

The s ta ndby pow e r  i so l ation n e two r k  conn e c t s  oper a ting pow e r  to o ther PSE c ir 
cuits  a s  w ell a s  the heater c ir cu it s , but connects s ta ndby pow e r  only to the heate r 
c ir cu its . 
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2 - 7 9 .  A C T IV E  SE ISM IC EX PERIM ENT (ASE) SUBSYSTEM 

The prim a ry function of the active s e i smic expe riment (ASE) i s  to gene rate and 
m onitor a rtifi cial s e i sm i c  wave s in the 3 to 2 50 Hz range,  in the lunar su rfa c e  
and ne a r  sub s u rfa c e .  The A SE c a n  a l s o  be u s e d  to m onitor natural s e i s m i c  
wave s i n  the s a m e  fre quency rang e .  The obj e ctive o f  the s e  functions is  to  acquire 
information to enable dete rm ination of the phy si cal prope rtie s of lunar surfa c e  and 
near s ub su rfa c e  mate rial s .  

Sei sm i c  wave s will b e  artific ially produced b y  explos ive devi c e s ,  and dete cted by 
ge ophone s .  The re sulting data will be telemetered to Ea rth for study and inte rpre 
tati on. By va rying the location and magnitude of the expl o s i ons with r e s pe ct to  
the ge ophone s ,  penetrati on of the sei smic wave s to  depths of approximately 
1, 500 fe et can be a chieved, and wave velocitie s thr ough several laye r s  of sub 
surface mate rials inve stigated. The velocitie s of c om pre s s ional wave s ,  the i r  
frequency spectra, and rate o f  attenuation a r e  functions o f  the phy s i cal c onstant s 
of the near surfa c e  luna r material.  Inte rpretation of thi s data permits the type 
and character of the luna r mate rial to be infe r red, as well as the de g r e e  of in
duration and bea ring strength of the se m ate rial s .  Thi s information is de s irable 
for unde r standing the nature and origin of the s e  m ate rial s .  

Two s e i sm i c  ene rgy s ou r c e s  will b e  employed.  A thumpe r devic e  c ontaining 2 1  
expl o s ive initiator s will be fi red along the ge ophone line s by the a st r onaut. The 
a st r onaut will al s o  emplace a m ortar pa ckage c ontaining fou r high explo s ive 
g r e nade s .  The g r e nade s will be r ocke t - launched by Ea rth c omm and nea r  the 
end of the A LS E P  m i s s i on (about one yea r after deployment) and a re d e s i gned to 
impact at fou r diffe rent range s ;  appr oximately 5 0 0 ,  1 0 00, 3 0 0 0  and 5 0 0 0  fe et, 
with individual high explo s ive charge s proporti onal to  thei r  rang e .  

The s e i sm i c  det e c t o r s  a re thr e e  identical ge ophone s .  The ge ophone s a re electro
magnetic transdu c e r s  whi ch tran slate high frequency s e i sm i c  energy into electri
cal signal s .  The outputs  of  the three ge ophone s are applied to  separate logarith
mic c om pr·e s s i on am plifi e r s  to  obtain maximum dynamic range and m aximum 
s e n s itivity. 

The A SE u s e s  seven c ommands tran smitted from the MSFN to arm and fi re the 
g r enade s and to e ffect ge ophone calibra.tion. Othe r command s a r e  u sed to effe ct 
powe r distribution to the ASE from the data sub sy stem and to place the data sub
s ystem in the a ctive s e i sm i c  m od e .  The three channel s  of sei s m i c  data gene rated 
by the ASE and 1 3  channel s  of engin e e r ing data will be conve rted to digital form 
within the expe rim ent for tran sm i s s ion to Ea rth. A 2 0 -bit digital word format 
and a 1 0, 600 bit / s e c  data rate will be u sed in the A SE to ensure a c cu rate enc oding 
and transm i s s i on of c ritical r e al time event data, and to pr ovide a relatively 
high frequency s e i sm i c  data handling capab ility. The highe r bit rate and long e r  
word length a re incompatible wi th the normal A LS E P  format and pre clude u sual 
data c olle ction from the othe r expe riment s during the time the A SE is a ctivated. 
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There are five s ignificant mea surements  from the A LSEP electrical power sub 
system included in the A SE telemetry format as  engineering data. The A SE for 
mat s and applie s the s eismic and engineering data to the data subsystem modu
lator for modulation and downlink transmiss ion . 

2 -8 0 .  A SE PHYSICA L DESC RIFT ION 

The ASE compris e s  the thumper -geophone a s sembly, mortar package , c entral ele c 
tronic s a s s embly, and interconnecting cabling. Figure 2 -48 illustrate s the ASE 
component s .  A mortar package pallet a s s embly provide s deployment alignment 
and stability a s  de scribed in Section IV . 

2 - 8 1 .  ASE Thumper -Geophone A s sembly. The thumper  compris e s  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 switche s (ARM/FIRE and ASI Select ) and a s s o 
ciated electronic s .  A flat , four -conductor cable connects the thumper  t o  the cen
tral station. 

The initiator mounting plate contains 2 1  Apollo standard initiator s  (ASI) mounted 
perpendicular to the ba se plate and a pre s sure switch to detect the instant of 
initiation. Two A Sis (no s .  20 and 2 1 ) will be test -fired at KSC prior to stowage 
for flight , leaving 19 ASis for lunar operation. 

The four -conductor cable connecting the thumper and central station electronic s 
i s  stored on a split spool on the upper end of the thumper handle , above the switche s ,  
dur ing the flight phase  and i s  unwound by the a stronaut during deployment. 

The thumper also stores  the three geophone s and connecting cable s until deployed. 
The cables are wound on a reel located just above the initiator mounting plate .  
The geophone s are mounted in individual hole s in the reel. 

2 -8 2 .  ASE Geophones .  The three geophone s are electromagnetic device s  which 
translate physical surface or subsurface movement into electrical s ignals . The 
amplitude of the output s ignals is proportional to the rate of physical motion. The 
geophones are connected to the central station by cable s ,  and will be deployed at 
specified intervals as de sc ribed in Section IV . The cable s and geophones are 
stored on the thumper during transport and removed during deployment . The geo 
phone s are identical except that geophone no. l contains a temperature sensor .  

2 -8 3 . ASE Mortar Package .  The mortar package a s s embly (MFA ) consists of 
a mortar box a s s embly, a grenade launch tube a s s embly (G LA ) , and interconnect 
ing cable s .  

The mortar package is  deployed at an angle approximately 4 5 o t o  the lunar sur -
face to provide an optimum launch angle for the grenade s .  It i s  attached to a pallet 
a s s embly to provide positive stability during rocket launching . The bottom of the 
thermal insulation bag is fragile and is disintegrated when the rockets are  launched 
to provide open launch tube s which minimize the recoil from the grenade launchings . 
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Figu re 2 -48 .  A ctive Seismic Expe riment (ASE) Sub system 
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2 - 84 .  M ortar B ox. The m ortar b ox i s  a r e c tangula r fibe rgla s s  b ox with a 
m a gne s ium structu re and folding l e g s  in which the GLA i s  m ounted. The m ortar 
b ox c ontain s an ele ctroni c s  printed cir cuit board a s s embly, a r e c e iving antenna, 
two s afety switche s, and a the rm al bag.  The ele ctroni c s  c ontain c i r cuitry fo r 
the a rming and fi ring of the r o cket m oto r s  launching the four g renade s ,  and a l s o  
for the ope ration o f  the heate r s .  The r e c e ive r antenna i s  a ve rtical antenna 
m ounted to the side of the m ortar b ox .  The antenna is folded along the edge of 
the pa ckage dur ing transport and unfolded by the a st r onaut du ring d e ployme nt .  
The heate r s  a r e  attached to the inside o f  the the rmal bag. 

2 - 8 5. Grenade Launch A s s em bly (GLA ) .  The GLA c on s i s t s  of a fibe rgla s s  
launch tube a s s embly ( L T A )  which include s the four r o cket -launched g r e nade s ,  
a grenade s afety pin a s se mbly, thr e e  m i c r o switche s ,  thr e e  tempe ratu re s e n s o r s ,  
and a two - axi s inclinom ete r .  Each o f  the four launch tub e s  ha s a three - inch 
c r o s s  s e ction. Two tube s are nine inche s long, and the othe r two a r e  s ix inche s 
long. 

E a ch grenade i s  attached to a range line which i s  a thin stranded c able that i s  
wound a round the out side of the launch tube . Two fine coppe r wi re s a re looped 
a r ound each range line . The fi r s t  loop i s  spa c ed so that it will b r e ak when the 
g renade i s  about 1 6  inche s out of the launch tub e .  The s e c ond loop i s  s pa c e d  s o  
that i t  will b reak whe n the range line ha s deployed exactly a n  additional 2 5  feet  
from the fir s t  b r eakwi r e .  B r eaking the loops sta r t s  and stops a range gate pul s e  
e stabli shing a tim e inte rval f o r  determination o f  the g r eande velocity. 

The fou r grenade s are similar, diffe ring only in the amount of pr ope llant and 
high expl o s ive . E a ch c on s i st s  of a thin fibe rgla s s  c a s ing with a 2. 7 - inch square 
c r o s s s e ction and ranging from four to six inche s long . The c a s ing c ontains the 
r ocket m otor, s afe slide plate, high explos ive charge,  ignition and detonation 
device s ,  the rmal batte :r;oy, and a 3 0  MHz transmitte r.  The range line i s  attached 
t o  the transmitter output and s e rve s a s  a half wave e nd fed antenna . 

The launch tube s for g renade s two, thre e ,  and four e ach contain a m i c r o s witch 
clo s e d  by launching the g renade . Each switch c onne c t s  the firing c omm and from 
a s e quential g renade fi ring c i r cuit to the next g r e nade to be launched. 

T wo temperature s e n s o r s  are located betwe e n  tub e s  one and two of the LTA and 
a third is located between tub e s  three and fou r .  One of the s e n s o r s provide s an 
analog s ignal of the GLA tempe ratu re to the data handling function of the A S E .  
T h e  othe r two sens o r s  a re part o f  the heate r c ontr ol c i rcuitry. 
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T h e  two - axi s i nclinom e t e r  provide s pitch and r oll angle (deviati on from the 
ve rtical) information on the m orta r packa g e .  T h e  analog output s from the angle 
transdu c e r s  a re applied to the data handling function of the A SE .  

2 - 8 6 .  Inte r c onne cting C able s .  A c oaxial cable conne cts the antenna on the 
m ortar b ox and the c e ntral station ele ctroni c s .  A 2 0 - c onductor flat tape c able 
c onne c t s  the m orta r package electroni c s  and the ele ctroni c s  in the central stati on 
p r oviding the ne c e s s ary powe r and s i gnal paths .  

2 - 8 7 .  A SE C entral (Station) Ele ctroni c s .  The central elect roni c s a s s embly i s  
located i n  the c e ntral stati on and c ontains c i r cuits f o r  powe r c ontrol, tempe ratu re 
sen sing, calibration, s ignal c onditioning and data handling . Included as sub 
a s s emblie s a r e  the ge ophone amplifi e r ,  the A SE r e c e iv e r ,  and the A / D  c onve rt e r  
and multiplex e r .  

2 - 8 8 .  A SE Leading Particula r s .  T able 2 - 1 9 ASE Leading Pa rticula r s  li s t s  the 
siz e ,  weight , fr equency re s pons e ,  and powe r requirement s  for the A SE 
c omponent s and a s s emblie s .  

Table 2 - 1 9 .  A SE Leading Particula r s  

Chara cte ri stic V alue 

T hum pe r -Ge ophone A s s embly 
Length (folded) 
Weight 

T hum pe r 
Length (deployed) 

Phy s ical Data 

We ight (including cable s and initiator s) 
Ge ophone s 

He ight (including spike ) 
Diam ete r 
We ight (three ge ophone s with cable s )  

M ortar Package 
Dim en s ions Envelope (Sam e as m orta r box below) 
Weight 

M o rtar B ox 
Height 
Width 
Length 
Weight (in cluding antenna and cable s) 

14.  5 inche s 
7 .  5 9  pound s 

44.  5 inche s 
4 .  64 pound s 

4 .  8 0  inche s 
l .  6 6  inche s 
2 .  9 5  pound s 

1 4 .  9 5  pound s 

1 1 .  5 inche s 
6 .  0 inche s 

1 5 . 2 5  inche s 
4 .  34 pound s 
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T able 2 - 1 9 . A SE Leading Pa rticula r s  c ant 

Cha r a cte risti c s  V alu e 

Phy s ic a l  Data ( C ont . ) 
�------------------------------�--

Grenade Launch A s s em bly 
Width 
Length 
Depth 
Weight (including g r e nade s )  

Grenade s 
C r o s s Se ction 
Length 
Weight ( # 1 = 2 .  6 7 ,  # 2 = 2 .  1 9, 

# 3 = 1 .  7 0, #4= 1 .  5 2 )  
C entral Ele ctroni c s  A s s em bly 

He ight 
Width 
Length 
Weight 

Fr equency Re s ponse 

Se i smic Detection Sy stem (to the m ean of 1 0  to 1 0 0 Hz 
r e spon s e  cha racte ri stic) 

3 . 0 t o  1 0 Hz 
1 0  to 1 0 0 Hz 
1 00 to 2 5 0  Hz 
2 50 to 4 50 Hz 
4 50 to 5 0 0 Hz 
Above 5 0 0 Hz 

System Powe r Requirement s  

V oltage s 
A SE a ctivated 

ASE dea ctivated 
Powe r 

Ope rational 
Thermal c ontrol (Standby) 

2 - 8 9.  A SE F UNCT IONA L DESCRIPT ION 

9. 0 inche s 
1 3. 7 inch e s  

6 .  2 3  inche s 
1 0 .  8 8  pound s 

2 .  7 inche s 
4 t o  6 inche s 

8 .  08 pound s 

2 .  7 5  inche s 
6 .  1 8  inche s 
6 .  7 7  inche s 
3 .  22 inche s 

+ 1  db, - 6  db 
± 3  db 
±6 db 
Le s s  than + 1 db 
Le s s  than - 3 5 db 
Le s s  than -40 db 

+ 2 9, + 1 5, - 1 2 ,  and 
+ 5  vdc 
+ 2 9  vdc 
8. 0 watts (maximum) 
6. 0 watts (nom inal) 
3. 00  watt s 

The ASE ha s thr e e  ba sic  ope rating m od e s  r e lated dire ctly to the s ei sm i c  ene rgy 
s ou r c e  und e r  inve stigation : the thumpe r mode whi·ch is activated with the 
a st r onaut still on the lunar surfa c e ; the pa s sive li s te ning m od e  which is u s ed to 
m e a sure natural s e i sm i c  phenom ena during the pe r i od of the A LS E P  m i s sion on 
the Moon ;  and the m ortar m ode which is a ctivated near the c om pletion of the 
A LSE P m i s s i on. 

2 - 9 4  
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2 - 90 .  A SE T humpe r  M od e .  In the thumpe r m ode,  the thumpe r i s  u sed t o  fire 
an A pollo Standa rd Initiator ( A SI) at each marked inte rval a s  the a st r onaut returns 
to the c e ntral station al ong the g e ophone cabl e .  The instant o f  ASI initiation i s  
dete cted and tele mete red a s  a real tim e event .  C ompre s sion wave s generated in 
the lunar s urfa c e  and nea r  s u rface material a r e  detected by the g eophone s,  and 
c om pa r i s on of initiation in stant and wave dete ction tim e s  pe r mi t s  dete rmination of 
the wave velocity, 

2 - 9 1 .  A SE M o rta r Mode, In the m orta r m od e ,  fou r r ocket - g r enad e s  a r e  
individually launched from the m ortar package b y  c omm and s from Ea rth, The 
pitch and r oll angle s of the m ortar package are m ea sured to dete rmine the 
launch angle of the grenade . Range line preakwi re c i r cuits  provide launch 
veloc ity data . A radio transm itte r in the grenade, activated at launch and 
de stroyed on impact, fu rni she s time of flight and instant of expl o s i on data, 
Im pact point of the grenade and s e i sm i c  wave velocity may be determ ined from 
the above data whi ch are telem e t e red a s  real tim e events ,  

2 - 9 2 .  . ASE Pa s sive Li stening M ode . In the pa s s ive li stening m ode, the s e i smic 
detecti on system m onito r s  natural seismic a ctivity g e ne rated by te ctoni c di stu rb 
ance s o r  m e t e o r oid impa c t s .  The A LSE P data subs ystem m u st be ope rating in 
the a ctive s e i smic m ode to a c c ept and proc e s s  the s e  s i gnal s for downlink 
t ransm i s s ion.  

2 - 9 3 .  ASE DET A I L ED F UN C T IONA L DESC RIPTION 

The major functions of the ASE include s e i s m i c  signal gene ration, s e i sm i c  wave 
dete ction, tim ing and c ontr ol, data handling and powe r c ontrol. Figure 2 -4 9  . 
illu st rate s the ASE functi ons .  The a ction and inte racti on of the s e  functions a r e  
d i s cu s s e d  i n  the following pa rag raph s .  

2 - 94 .  A SE Se i sm ic 5ignal Gene ration. Se i sm i c  wave s will be artificially 
gene rated u s ing two methods .  The thumpe r initiato r s  and the greande high expl o s 
ive s will pr ovide the ene rgy for s e i sm i c  wave gene r ation, The thumpe r will be 
ope rated by the a s t r onaut while s till on the luna r s u rface . Som e  time (approxi 
mately one yea r )  aft e r  the a s t r onauts leave the M o on, the A SE gr enade s will be 
launched by c ommand s from Earth. F igure 2 - 50 illu strate s the s ei s m i c  s i gnal 
generation function. The a st r onaut will deploy the ASE in the locations spe cified, 
in Se c ti on IV , 

The a str onaut will walk in the pr e s c ribed ge ophone deployment dire ction, unwind 
ing the ge ophone cable from the thum pe r, and implant the ge ophone s at the pre 
s c ribed distanc e s .  The thum pe r powe r and s ignal c able will al s o  be unwound a s  
the a stronaut deploys the ge ophone s .  When the ge ophone s have been implante d ,  
the a stronaut will r etu rn along the ge ophone line stopping at m a rked inte rvals 
(approximately eve ry 1 5  feet)  t o  activate the thumpe r .  The thumpe r c ontains 
1 9  A pollo standard initiato r s  ( ASI) which are individually sele cted and fi red by 
a ctivati on of the sele ctor s witch and the a rm / fi r e  s witch on the uppe r portion of 
the thumpe r .  The indexed s ele ctor switch permits the a s t r onaut t o  s elect  the 
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individual ASI  for fi ring . As a pre caution against inadve rtent initiation. the a rm /  
fire switch mu st be r otate d  and held in that pos ition approxim ately four s e c onds 
before the c i r c uit is armed,  R otating the a rm / fi r e  switch cha rge s the firing 
capa citor and gene rate s a thumper a rm s ignal whi ch is applied to the A S E  data 
handling function, Aft e r  a rm ing. the thumpe r is fired by depr e s s ing the a rm / fi r e  
s witch. dis cha rging the capacitor and firing the s e le cted A SI.  T h e  instant of 
initiation is m onitored by the p r e s sure force m om enta rily clos ing a pre s su r e  
s witch on the initiator m ounting plate.  C l o s ing the pre s su r e  s witch gene rate s a 
signal to the real tim e event logic for application t o  the A S E  data handling function, 
The real time event logic e s tabli she s the event identification for the telem etry 
format. 

Initiation of the ASI  c reate s c om pre s s ional wave s in the lunar s urfa c e  and nea r 
su rfa c e  mate rial s .  Dete ction. proc e s s ing. and analys i s  of the s e  wave s g e ne r ated 
with a known force at known di stance s. and tim e s  will p e rm it determinati on of the 
phy sical prope rtie s of the lunar m ate rial. 

The a stronaut will deploy the m orta r package a s s embly so that no e quipm e nt i s  in 
the rocket flight path or in the bla s t  effe ct a r e a .  The a st r onaut will level the 
m orta r package to within 5 ° of the lunar horiz ontal with refe rnc e s to a bubble 
level. and will e re c t  the r e c e ive r antenna . The actual angle of the m orta r package 
to the horiz ontal will be m onitored by a two - axi s inclinomete r which will provide 
analog signa l s  c ontaining thi s data to the A SE data handling function. 

Afte r completion of the deploym e nt proce s s .  the a s t r onaut will rem ove a s afety 
pin a s s embly and open two shorting ( safe / a rm )  switche s .  The m o rtar package 
will remain in thi s  c onfiguration until a ctivated by c ommand s from Ea rth. While 
the expe rim ent is not a ctivated. the m orta r package elect r oni c s .  GLA. and 
g eophone tempe ratu r e s  a re m onitored and applied a s  analog signa l s  to the c e ntral 
data sub system for telemete ring t o  Earth. When the ASE is activate d. the s e  
tempe ratu re signals a r e  included with the data proce s s ed b y  the data handling 
function of the A S E .  The rm al c ontr ol of the m orta r package a s s embly i s  effe cted 
throu gh multilaye r aluminiz e d  mylar in sulation and two tempe r atu re s e n s o r s  
ope rating i n  c onjunction with a small heat e r .  

The m orta r package i s  a ctivated by the " a rm g rena d e "  and " fi re g renade s "  
c om mand s from Ea rth. The a rm grenade s c omm and i s  applied t o  and gated 
thr ough the c omm and gating to the grenade a r m ing cir cuit which cha r g e s the 
regular and s e quential fi ring capacitor s of the four grenade s by applying a 24 -volt 
a rm ing signal.  A g r enade a rm pul s e  i s  al s o  applied to the data handling function 
indicating r e c e ipt of the c ommand. Aft e r  arm ing. a fi r e  g renade c ommand for 
each of the g r e nade s i s  applied to the c omm and gating and gated to the appropriate 
firing c i r cuit c a u s ing the firing capacitor to dis cha rge and ignite the g r e nade 
propellant thr ough a single b r idgewire A pollo standa rd initiator (SBA SI) . A s  the 
g r e nade leave s the launch tube .  a s afe slide i s  spring eje cted whi ch permits a 
m i c r o switch in the g r e nade to close.  dis charging a capa c itor a c ro s s  a the rm o 
ele ctric m atch whi ch activat e s  the the rmal battery, T he the rmal batte ry. whe n  
a ctivated. pr ovide s inte rnal g r e nade powe r t o  drive the transmitt e r  and t o  cha r g e  
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the det onator storage capacitor s .  The fi r s t  o f  the two range line breakwire s i s  
b r oken when the g renade i s  launched, initiating the range g ate pul se to the r e al 
time event logic.  R ocket propellant in the g renade is  exhau sted before the 
grenade exit s the tub e ,  When the g renade i s  2 5 -fe et into traje ctory, the s e c ond 
range line b r e akwire is b r oken terminating the range gate pul se to the r e al time 
e vent logic and providing tim e  I d i s tanc e data for sub s eque nt dete rm ination of 
g r e nade veloc ity. The g r e nade transmitte r, a ctivated at launch, and utilizing the 
g r e nade range line a s  an antenna, transmits until de s t r oyed u pon g renade impact.  
An omnidire ctional impact switch in the g r e nade allows the detonator capa c itor to 
di s charge,  firing a detonator t o  set  off the g r e nade high expl o s ive on grenade 
impa c t .  T h e  30 MHz s ignal from the tran s m itte r  i s  r e ceived b y  the antenna 
m ounted on the m orta r b ox and c onducted by c oaxial cable to the re c e ive r in the 
c e ntral station ele ctroni c s ,  The r e c e ived s ignal is applied th rough a level 
detector to the real tim e event logic for application to the data handling function,  
The g renade transmitte r signal provide s an indication of time of  flight and 
detonati on instant thu s pr oviding an indicati on of rang e .  Thi s indic ation enhanc e s  
the c onfidenc e factor of the range c alcu lati on s de rived fr om the angle of launch and 
g r enade ye loc ity data generated from the inc linometer and the range line br eakwir e s .  

The regular fi ring orde r for the grenade s will b e  g r e nade # 2  ( 30 0 0  feet),  grenade 
#4 ( 5 00 feet), grenade #3 ( 1 00 0  fe et) and grenade # 1  ( 5 000 feet) . The order wa s 
sele cted to provide optimum m o rta r pa ckage fi ring stability. A redundant a rming 
and fi ring c i r cuit is provided for s e quential fi ring in the event of failure of one or 
all of the regular fi ring c i r cuit s .  Thi s circuit, de s ignated s e quential, i s  armed 
by the no rmal a rm g renade s c omm and. A s e rie s of inte rlocking switche s c onne ct 
the s e quential fi ring c i r cuit to the grenade fi ring c i r cuit s as the grenade s a r e  
launche d .  Initially, the s equential fi re c ommand i s  applied to grenade numbe r .  
two. When g renade numbe r  two i s  launche d, it clos e s  a switch to c om plete the 
fir ing circuit to grenade numbe r four,  and from numbe r fou r to numbe r  three and 
then to numbe r  one . However,  a s e parate a rm ing c ommand and a s eparate firing 
c ommand a re required to fire each grenade. If individual fi ring ci rcuits a r e  
intact, individual firing c omm and s m a y  be applied and the s e q uential switching 
will provide redundancy. 

The s e i sm i c  ene rgy gene rated by the initiation of the thumpe r  A Sis and the 
g renade s are t ransm itted by c ompre s s ional wave s thr ough the lunar material for 
d e te ction by the g e ophone s of the s e i s m i c  s ignal detection function of the ASE.  

2 - 9 5. ASE S e i sm i c  Signal Dete ction. The active s e i sm i c  expe rim ent is de s igned 
t o  m onitor s e i sm i c  wave s in the 3 Hz to 2 5 0 Hz range .  Three electromagnetic 
g e ophone s ,  thr e e  logarithmi c  c om pre s s ion am plifi e r s  and the inte r c onne cting 
c abling c onstitute the major elem e nt s  of the s e i s m i c  dete ction system (Figure 
2 - 5 1 ) .  The dete ction function is applicable to the thr e e  ope rating m ode s of the 
A S E : the thumper m ode, the g renade m ode, and the pa s sive lis tening m ode.  The 
g e ophone s can be excited m e chanically by natu ral or artifi c i a l  s e i s mi c  wave s or 
ele ctrically by a g e ophone c alib rate c omm and. 
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F i gure 2 - 5 1 .  A SE S e i s m i c  Signal Dete ction Function, Block Diagram 

Indu c e d  o r  natural s e i sm i c  activity c r eating m otion in the lunar s u rfac e  o r  sub 
surface mate rial will be s e n sed by the thr e e  g eophone s c au s ing an ele ctrical s ignal 
to  be gene rated from the ge ophone s  to the re spe ctive amplifi e r s  in the central 
station electroni c s .  The low noi s e  logarithm i c  c om pre s sion amplifi e r s  amplify the 
s ignal and apply the outputs to the multiplexer and analog - t o - digital c onv e rt e r  of 
the data handling function. A s  the s e i sm i c  sy stem re s ponse m ay change during 
the extended storage ( one yea r) in the tempe ratu re extreme s of the luna r e nvir on 
m e nt, a pul se type calibrator i s  included with the amplifie r s  to  provide a relative 
c alib ration system. The calibration sy stem is a ctivated by a g e ophone calib rate 
c ommand applied to the c ommand gating from the c entral data sub system. The 
calibrate c ommand i s  gated to the calibration circuitry whe re it i s  developed into 
a one s e c ond wide pul s e  and applied to the calib rate driver,  e l e ct r i c ally exciting 
the ge ophone s .  A g e ophone calib rate pul s e  i s  a l s o  applied t o  the data handling 
system from the calib rate driver indicating r e c eipt of the c alib rate c ommand. 
Excitation of the ge ophone s pe rmits m ea su rement of the g e ophone s 1 r e s onant fr e 
quency, generator c on s tant, and damping c oeffic i e nt relative t o  the preflight 
calibration. 

A tempe rature s e n s or is m ounted in the ge ophone clo s e st to  the c e ntral station. 
The output of thi s tempe rature s e n s or is conne cted di rectly to the A LSE P c entral 
station data proc e s s o r  and is c on s tantly m onitored exce pt whe n  the A SE i s  
a ctivated which i s  for relatively b rief pe r iod s of tim e .  

2 - 96.  A S E  T im ing and C ontrol. The timing and c ontrol c i r cuitry i s  ba s i c ally 
digital logic which ope rate s the A SE thr ough u s e  of a 1 0 .  6 KHz clock signal in 
c onjunction with s e ven c omm and s r e c e ived from E a rth ( F i gure 2 - 5 2 ) .  The data 
rate of the a ctive s e i s m i c  logic i s  1 0, 6 0 0  bits per s e c ond. T he b a s i c  timing i s  
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obtained from the 1 0 .  6 KHz s qu a r e  wave r e c e ived from the c entral data proce s s or ,  
The m od 5, m od 4, and m od 32 s equence c ounte r s  a r e  u s e d  to e stablish the data 
frame format, The shift r e g i s t e r  multiplexing logic s ele c t s  the data to be l oaded 
into the shift re g i st e r  through analog - t o - di gital c onve rte r, fram e, holding, and 
c ontr ol gate s ,  A start pul s e  i s  applied t o  the analog - t o - digital c onve rte r and 
m ultiplexe r of the data handling function from the d e c od e r  of the tim ing and 
c ontrol functi on, 

FRO�\ DATA} SUBS\ STEM PULSES 
20. b KHZ CLOC K 

Figure 2 - 52 .  
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When a real tim e event o c c u r s ,  the real tim e event logic in c onjunction with the 
s equence c ounte r s  and the holding regi ste r provide a m a rk event signal indicating 
that a real tim e event o c c u r red in the prior telemetry fram e ,  The word in which 
the event o c c u r red and the bit of real time o c c u r rence are also identifie d. The s e  
indications will appe a r  in active s ei sm i c  words 29,  30,  and 3 1  of the telemetry 
frame . 

2 - 9 7 .  A SE Data Handling Function, Data handling and proce s s ing i s  a c c om -
pli shed through application of 1 6  channel s  of analog voltages to the multiplexer and 
anal og - t o - digital c onve rte r, F igure 2 - 5 3  illu st rate s the A S E  data handling function. 

Thr e e  analog channels a r e  u s ed for ge ophone output s, two for G LA angle output s, 
thr e e  for calib ration, th ree for A S E  tempe ratu re and powe r m e a s u rement s  and the 
othe r five for A LS E P  electrical powe r sub s ys te m  tempe ratu re and powe r mea su r e 
m e nt s .  The analog signal s a r e  m ultiplexed, conve rted t o  digital s ignal s, and 
formatted for shifting to the c e ntral data sub system and downlink transm i s s i on. 
Subword, word, and frame signa l s  are de rived from the s e quence c ounte r s  
through the d e c od e r  o f  the tim ing and cont r ol function. 

The ASE data format c om pr i s e s  3 2  twenty -bit wor d s  pe r frame with each word 
c on s i s ting of four five �bit subword s .  Geophone s two and three a r e  sampled and 
read out in every word of the fram e .  Ge ophone one i s  s am pled and read out i n  all 
but the fir st word. In the fi r st word g e ophone one is s am pled and stored, then 
r e a d  out in the fir st subword of the s e c ond word of each fram e .  The fir s t  two 
subwords of word number one c ompr i s e  a 1 0 -bit fram e synchr onizing s ignal. The 
fir s t  three bit s  of s ubword one of word 32 provide a m od e  identifi cati on s ignal. 
Data m e a s u,re d  and word - s ubword a s signm ent s are li sted in Table 2 - 2 0 .  
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Table 2 - 20 .  ASE Measurements 

Symbol 

e AS- 1 
t AS·Z 
e AS-3 

e AS- 4  

DS- 17 
DS- l 
DS-3 
DS- 1 

AR·4 

AE·S 
DS-5 
DS-6' 
DS-7 
AS·3 
DS-8 
DS- 1 1  
DS-10 
AS-I 
AE-3 
AE-4 

AR·I 

DS-11 
DS- 19 
os .. zo 
DS-13 

Location/ Name ChaMel 

• When tha Active Set.mic te DOt opentin1 the followiDI meuuremanb au provided 
dt.rouah the 90-chalmal multiplexer of tM Data. 5/S. 

Active Sabmlc Temperatur .. · 

Cer�tral Statloft Packa1• Temp. 

Mortu Boz Temp. 
Grenade Lauacher Auembly Temp. 

Geophone Temp. 

Active Salamis: W...aur!l!!d!! 

Frame Syec 
Goo.-o f l  Data 
Geophone f l  Data 

Goopboao f l  Data 

• R TC Cold Frame Temp. f l  
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AU 
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I I ,  ll 
Grenade Launcher Auembly Temp. l l .  14 

Geophone Calibrate Pt.d•• 15. 16 
AID CaltbratloD 3, 75V 17. 18 
A/D C.llbratt.on 1. ZSV 19. lO 
Central Station Packac• Temp. Z l ,  zz 
Converter ID.put Voltac• Zl, Z4 

IDput CurreDt 25. l6 
RTG Hot Frame Temp. u �7. l8 
Nark :Ev.Dt �9 
Word CoUDt �0 

Event Bit C01mt �. 
Mode ID �l 

·40°C to + l00°C 
-75°C to + J00°C 

• 7S°C to +  I00°C 
- Z 00°C to + l l0°C 

N/A 

400° F to 6ocf'F 
0 to l. 5 A DC 
0 to 5. l VDC 

* 10° 
• J0° 
-75°C to + I00°C 
0 to +SV 
3. 5 to 4. 0 VDC 

1. 0 to J.  5 VDC 

·40°C to + 100°C 
0 to ZO VDC 

O lo  5 A DC 

950°F to 115cf'F 
N/A 

N/A 

N/A 

N/A 

(!) In the fint 10 bite of the word. 

SPIOr 
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• l°C 

* l°C 

* 3°C 

* l°C 

N/A 
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• z� 
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* 3°C 
• I� 
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•o. 5� 
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* Z� 

* l� 
* 5°F 
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N/A 
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(D The tlrat lour bita of the muaureme�t.t are carried ill the flnt lour blta of the odd word. The laat four btta of the 
meaauremenl: are carried lD the flnt four bib of the even word. 1D each cau the la•t (or fifth) bit of each aub
word Ia apare. 

Q) Mark code when Real Tlm.e Event occura durina prior frame (frame • 32 word aitquence) 

(I) Meaaure• woord in prior frame durillc which Real Time Eveat occurred.. 

� Meaaurea bit durtna •hicb Real Time Event occurred lD above word lD prior frame. 

() lD. the flrat 3 bita of the aubword - other Z bita DOt ueed. 

!lito / 
Sample 

10 

S.mploo/ 
Soc 

. OilS 

. 0115 
. 0115 
. 0115 

16. 56 
no 
530 
uo 
530 

16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 
16. 56 

N/A 

N/A 

N/A 
16. 56 
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Figure 2 - 5 3 , ASE Data Handling Function, Block Diag ram 

32 WORDS 

TO DATA 

SU BSYSTEM 

The bina ry s ignal s from the m ultiplexe r c onve rte r are applied to the shift regi ste r 
m ultiplexe r gate s which a r e  c ontr olled by the shift register m ultiplexing logi c . · A 
storage buffe r i s  provided b etwe en the c onve rte r m ultiplexer and the shift r e g i s te r  
m ultiplexe r  gate s .  The A S E  data i s  shifted out in the 3 2 - wo rd telemetry frame 
format to the hi - pha se m odulator of the data sub s ystem for m odulati on and down
link transm i s s i on. 

The analog -to- digital c onve rte r calibration circuit pr ovide s a two - point che ck on 
the m ultiplexe r c onve rte r by m onitoring re sultant output of applying the 1. 75 vdc 
and 3.  75 vdc input voltage s .  

2 - 9 8 .  ASE Powe r C ontr ol F unction. · Ope rating and standby ( su rvival) powe r i s  
s upplied from the powe r distribution unit ( PDU) to the ASE at + 5 ,  + 1 5, - 1 2, and 
+ 2 9  vdc (Figu re 2 - 54 ) .  C u r re:t;lt limite r s  in powe r circuits prevent ove r -voltage 
from damaging the ASE c om ponent s and c onve r sely the ASE from ove rloading the 
PDU in the event of malfunctions . In the A LSEP data sub system the + 2 9  vdc line 
is prevented from c a rrying current g reater than 5 0 0  ± 50 m illiampe r e s by a 
c u r rent s e n s o r  that cau s e s  the 2 9 -volt powe r to be s witched from the . ope rational 
powe r b u s  to the s tandby powe r line wheneve r the c u r rent exceeds thi s  value for 
m or e  than 0, 5 m illi s e c ond, The + 1 5  volt line, the +5 volt line , and the - 1 2 volt 
line are limited to 1 50, 5 0 0  a nd 1 50 m illiam pe r e s re spectively in the ASE powe r 
c ontr ol c i rcuit ry. 
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Figure 2 - 54 .  ASE Powe r C ontr ol Function, Block Diagram 

2 - 9 9 .  SAF E T Y  F E A T URES 

TO A S E  
FU NCT IONS 

B oth the thumpe r and m orta r package a s semblie s c ontain ordnance devi c e s and, 
the refore, safety ha s been a major c onside ration in the de s ign s .  A di s cu s s ion of 
the electrical and m e chanical s afety feature s of each and thei r  u s e  on the luna r 
surfa c e  i s  given in detail below. 

2 - 1 00 .  Thumpe r - Ge ophone A s s embly. The thum pe r c ontains 2 1  Apollo Standard 
Initiato r s  (A Sis ) .  The A Sis ar e r at e d  at one ampe r e  "no fir e "  and thr e e  ampe r e  
" all fi r e " .  The ASI, a s  a c om ponent, will gene rate a pre s sure of approximately 
6 5 0  psi in a 1 0  cc volum e .  In the thumpe r, the A Sis are di s charg e d  dir e c tly 
against a spring loaded im pact plate .  With the thumpe r held upright for fir ing 
ope ration, with the impact plate against a surfa c e ,  the ASI m ounting plate c onfine s 
the ASI di s cha rge pre s sure prim a r ily t o  the " chambe r "  betwe en the m ounting 
plate and the impact plate to defl e ct any e s caping deb r i s  d ownward.  

The thum pe r i s  d e s igned s o  that all  ASis a r e  inte rnally shorted by the ASI r otary 
s e l e ctor switch when the s e l e ctor s witch i s  in the " 0 "  po s ition. In any othe r po s i 
tion ( 1  thr ough 2 1 ) one A S I  i s  c onne cted t o  the firing c i r c uitry and the remaining 
20 A Sis r emain shorted out. Rotating thi s  s witch from " 0 "  will not in itself fire 
an A SI even with powe r applied. A definite two step firing ope ration with a tim e 
delay i s  required to arm and fire an ASI.  Aft e r  the ASI sele ctor s witch i s  r otated 
from the " 0 "  position to a numbe red positi on t o  s ele ct an ASI, the thumpe r i s  
a rm ed b y  r otating the A RM / FIRE knob approximately 9 0° and holding for a m ini
mum of four s e c ond s .  The sele cted ASI i s  fired by pre s sing the s am e  knob in , 
whi ch applie s a capa citor cha rge a c ro s s  the ASI.  Should fo r any r e a s on the fi ring 
s e quence be stopped aft e r  the thumpe r is a rm e d, the rele a s e d  ARM / FIRE c ontr ol 
retu rn s t o  it s normal unactivated position which aut om atically di s cha rg e s  the 
a rm ing capa c ito r s  in a matt e r  of m illi se c ond s .  
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The A RM / FIRE c ontrol i s  de s i gned s o  that the fir ing switch cannot b e  a ctuated 
until aft e r  the a rming switch i s  a ctivate d. This switch i s  al s o  de signed to provide 
a l ow impedance a c r o s s the fi ring capa c it o r s  in the normal position to prevent the 
capa c i t o r s  from picking up a static charge and to d i s charge the capa cito r s  if they 
a re charged but have not fired thr ough an A SI. 

The end of each ASI m ounted in the b a s e  of the thumpe r is c ove red with a c oating 
of s ilic one rubb e r  to protect the initiator from the pre s sure and debr i s  from 
adjacent initiator firing s which othe rwi s e  might cau se pos s ible sympathetic 
deflag ration, Extensive t e st fi ring s have demonstrated the ade quacy of thi s d e s i gn. 

2 - 1 0 1 .  M o rta r Package A s sembly. The .m ortar package c o n s i s t s  prim a rily of a 
m o rta r b ox and a GLA . The m orta r box i s  completely inert and c ontains no 
o rdnance devi c e s .  The fou r  g renade s in the GLA contain all the ordnance device s 
in the m ortar package a s sembly. Each g re nade c ontains a SBASI to ignite the 
r ocket m otor,  up to 4 5  g ram s of propellant, a the rmal batte ry c ontaining an 
encl o s ed the rm oele ctric  match for ignition, a detonat or a s s embly including a 
s e c ond SBASI and 0 .  1 ,  0 .  3 ,  0 .  6 and 1 .  0 pound of hexanitros tilbene (HNS) type 
explos ive fo r the #4, # 3 ,  #2 and # 1  g renade s re spe ctively. 

A s  note d the g renad e s  in the GLA c ontain all the ordnance devi c e s  in the m ortar 
pa cka g e .  For safe ty purpo s e s ,  the GLA and M orta r B ox are neve r functionally 
te sted togethe r ,  but a re c ompletely che cked out s e pa r ately and mated only j u s t  
p r i o r  to flight. F o r  handling and storage pu rpo s e s ,  the G L A  i s  provided with 
s afety rele a s e  pins which me chani cally s e cu re the grenade s in the launch tube s .  
When the GLA i s  in stalled i n  the m orta r b ox, to make u p  the m o rtar pa ckage 
a s s embly, a s afety rele a s e  a s s embly i s  u sed to pe rform the sam e  function and .i s 
only re move d by the a st r onaut prior to leaving the lunar s u rfa c e .  Thu s ,  the 
g r e nade s a r e  me chani cally locked in the launch tub e s  at all tim e s  du ring e a rth / 
lunar ope ration s .  

Except for te st,  all c onne ctor s on the G LA a r e  stored with shorting c onnectors 
a c r o s s  the m .  The GLA i s  c om pletely functi onally te sted with spe c ial te st points 
on the bottom of e a ch g renade . In the t e s t  c onfiguration the high expl o s ive SB A S I '  s 
a re not c onne cted to the g renade firing c i r c uit s and are shorted out by spe cial t e s t  
c onne ctor s ins e rt e d  i n  the bottom o f  ea ch g r enade , J u st prior to flight the s e  c on 
n e c t o r s  are removed and flight conne ctors a r e  installed which conne ct the SBASI ' s 
t o  the fi ring c i r cuit lead s .  

T w o  SA F E /  A RM switche s on the m ortar pa ckage a r e  u se d  to a s sure a s afe m ortar 
package a s s embly while the a s t r onaut is pre s e nt on the lunar s u rfa c e ,  One switch 
open s  the a rming c i r cu it betwe en the ASE central electronic and the mortar 
packa g e ,  and short s out the rocket m otor fi ring capa c ito r s .  The s e c ond switch 
di s c onne c t s  the rocket m otor SBASis fr om the fi ring c i r cuit s and provide s a short 
c i r cuit a c r o s s the m .  

A safe slide in e a c h  g r e nade provide s a me chanical block betwe en the detonator 
and the HNS explo sive. The safe slide is  held in pla c e  at all  time s when the 
g r e nade i s  in the launch tube and i s  s pring eje cted at launch. Thu s ,  while the safe 
s lide i s  in pla c e ,  inadve rtent de tonato r  ignition will not s e t  off the high expl o s ive 
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cha r g e .  I n  addition, the s afe slide m aintain s a m i c r o s witch in a po s ition which 
prevent s  the the rmal batte ry output from the high expl o s ive firing c i rcuit ry, and 
provide s a low impedance to the firing capa c itor s to prevent a static charge from 
cha rging the s e  c apac itor s .  T o  insure that the s afe slide a s s emblie s a r e  installed 
each GLA is furni she d  with X - ray picture s which v e rify that the s afe slide plate s 
were installed when the g r e nade s we r e  installed in the GLA . 

The the rmal batte ry in e ach g renade c ontain s a the rmoelectric m atch which ha s a 
" no fir e "  rating of 0 ,  7 5  ampe r e s  for 1 0  m s e c  and an "all fir e "  of 2 .  0 ampe r e s for 
1 0  m s e c .  The battery can only be activated aft e r  the g re nade leave s the launch 
tube and must be a ctivated to provide powe r to cha r g e  the g r e nade high expl o sive 
firing capa c ito r s  and ope rate the a s s ociated SCR firing c i r c uitry. If the the rmal 
batte ry i s  inadve rtently a ctivated and the s afe slide plate is in pla c e  it will di s 
cha rge a c r o s s  a short c i r cuit i n  a short time (le s s  than 1 0  m inute s ) .  

The high expl o sive fi ring capa cito r s  a re cha rged through a current limiting 
re s i stor which prevents the capa c itor s from be ing suffic ie ntly charged to fire the 
SBASi s until the grenade s a r e  s afely down range aft e r  they are launched .  A ft e r  
the the rmal batt e ry i s  a ctivated, i t  require s approximately e ight s e c onds for the 
capacitor to cha r ge sufficiently to pe rmit a voltage sufficient to switch on the SCR 
in the fir ing c i r cuitry. 

The HNS expl o s ive wa s e spe c ially sele cted fo r it s stability prope rtie s .  It cannot 
be set off by impa ct. It is extremely stable in even a high tempe rature envir on
m e nt. Auto ignition can only o c c u r  in tempe rature s above 4 50 ° c entigra d e .  

The m orta r package i s  de s igned to be an R FI shield c ompletely enc los ing the G LA 
and g renade . Thi s i s  prim a rily provided by the multilaye r aluminiz e d  mylar 
the rmal bag and c ove r .  The firing c i r cuit s are d e s igned with low pa s s  input 
filte r s .  A pul s e  of greate r than thr e e  m illi s e c onds i s  re quired t o  t r igge r the s e  
c i r cuit s .  I n  addition, all firing capa c ito r s  and SBA S is have r e si sto r s  c onne cted 
a c ro s s  them to r e duce the effe cts of e l e ct r ostatic cha rg e .  

The r o cket moto r and HNS e xplosive t r ain ignitor s are one -amp "no - fire 1 1  de vice s 
which have bee n  e spe cially de signe d  by NASA for high reliability and optimum 
s afety in ordnance de vice s .  

Powe r i s  required to ope rate the A SE, t o  a rm ,  and to fire the grenade s .  A t  no 
time while the m orta r package is be ing handled is ope rational powe r applied to the 
m orta r package thr ough the A SE central electr oni c s .  Ope rational powe r to the 
A SE i s  s witche d  off by the A LSEP a stronaut s witch whi ch prevent s  application of 
ope rational powe r even if a command is inadve rtently s e nt from MSFN to turn the 
powe r on. 
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2 - 1 02. LUNAR S URFA C E  MAGNE TOME TER EXPERIMENT SUBSYS TEM 

The lunar surfa c e  magnetometer exp e r iment ( LSM) measur e s  the topology of the 
int e r planetary magnetic field diffu s e d  through the Moon to determine bound a r i e s  
o f  the ele c t r omagnetic d iffus ivity. The exp e r iment will give s ome indication of 
inhomog eneiti e s  in the lunar inte rior. 

D ata acquisition and p r oc e s s ing , both s c ie ntific and engine e ring , proc e ed s  con
tinuou s ly in any of the ope r ational c onfigurations s electable by c ommands from 
Earth. 

2 - 1 03.  LSM PHYSICAL D ES CRIP TION 

The LSM consists  of thr e e  magnetic s en s o r s ,  each mounted in a s ens o r  head and 
loc ated at the ends of thr e e - foot long support a r m s .  (Se e  Figur e  2 - 5 5 . ) The man
netic s ens o r s , in c onjunction with the s ens o r  electronic s ,  p r ov ide s ignal outputs 
proportional to the inc ident magnetic field c omponents parallel to the r e s pe ctive 
s en s o r  axe s .  Each magnetic s en s o r  i s  hou s ed i n  a n  outer s tructu r al j a cket made 
of fib e r glas s .  The j ackets ar e w rapped with insulation, exc e pt fo r thei r  upper 
flat surfac e s ,  c alled the rmal c ontr ol surfac e s ,  that s e rve a s  heat r adiator s .  
Although the magnetic s en s o r s  thems elve s  a r e  pos itionabl e ,  the oute r j ackets r e 
main s tationary throughout LSM ope r ation. The s en s o r s  and thei r j a cket hou s ing s 
a r e supported at equal dis tanc e s  above the lunar surfa c e  and apart fr om each othe r 
by the thr e e  fibe r gla s s s upport a r m s .  

The s uppo rt a r m s  extend from the bas e s tructu r e ,  c alled the ele c t r onic s /  g imbal
flip unit (EGFU ), which i s  a r ectangular box 9 1 / 2 "  x 1 0  1 / 2 "  x 5 1 / 4 " hou s ing 
the expe r iment ele c t r onic s and the gimbal/ flip me chanism. The s uppo rt arms 
contain the elec t r o -mechanic al linkage and the electric al c abl e s  that c onne ct the 
s ens o r s  to the EGFU. 

The EGFU i s  divided into a two - s e c tion package by an aluminum base plate. The 
electr ome chanical g imbal- flip mechanism and the level s ens o r s  are mounted to 
the top s ide of this b a s e  plate and the LSM electronic s are mounted on the und e r 
s id e .  Electrical powe r  dis s ipated a s  heat is c onducted to this b a s e  plate which in 
turn radiates heat away from the EGFU via a pair of pa rabolic reflector a r r ays 
( PRA). 

The EGFU has parabolic r efle ctors on tw o bas e  sides and a multilay e r e d  alumi 
niz ed Kapton blanket fo r the rmal p r otection. The upper s ection of the EGFU is 
enclo s e d  by a fib e r glas s  pr otective c ov e r  und e r ne ath the the rmal blanket. A 
the rmal shroud is sus pend ed betw e e n  the support arms to prot e ct the EGFU from 
direct  s olar heat. 

A flat H- film c able c onnects  the LSM to the ALS EP c e nt r al s tation. Prior to d e 
ployment ,  the c able i s  c ontained i n  an enclo s ed r e el which s tow s und e r  the LSM 
on subpackag e  No. l. The whole LSM a s s embly s its  on the lunar surfa c e  on 
leveling l e g s  that a r e  hinged to the EGFU. Each leg is attached at the bas e  of a 
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LEVE L I NG LEG ELECTRON I C S  

ADJUSTMENT (3 )  G I MBAL-FL I P  UN IT  

Figure  2 - 5 5. Lunar Sur fac e Magnetometer Experiment 

s ensor  support arm through an adjustable j oint which pe rmits adjustment of the 
physical attitude of the LSM. The legs sw ing to an up r ight pos ition for s towage 
within the allow ed flight envelope. (See  Figure 1 - l . ) A pad at the bottom of each 
support leg is s ized fo r LSM weight and luna r bearing s tr ength. 

A shadow graph and a bubble level a r e  mounted on the upper  surfac e of the EGFU. 
The shadowgraph is  us ed by the astr onaut in deployment to align the LSM into an 
East- West  emplac ement. The a s tr onaut u s e s  the bubble level to pos ition the LSM 
parallel to the lunar surfac e .  Calibr ation marks on both instruments  are  s pac ed 
at 1 ° inc r ements  ove r  at ± 3° r ang e. 

LSM leading particular s  a r e  listed in Table 2 - 2 1 . 

2 - 1 04. LSM FUNC TIONAL DESC RIP TION 

The LSM has thr ee modes  of ope ration: 

a. Site survey mode. This survey is  pe rformed onc e on rec eipt of Earth c om -
mand after  the LSM i s  fir s t  put into ope ration. A s ite survey is perfo rmed in each 
of the thr ee s ens ing axe s .  The purp o s e  of the s ite survey is  to identify and loc ate 
any magnetic influenc e s  pe rmanently inhe r ent in the deployment s ite so that they 
will not affec t the interpr etation of LSM s ens ing of magnetic flux at the lunar sp 
fac e. 
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Table 2 - 2 1  LSM Leading Particular s  

C ha r ac t e r i s tic s Valu e  

S i z. e  ( Inche s )  

Stow t- d  2 5 x 1 0 x 1 1 

De ployed 40 high w i th 6 0  betw e e n  s e n s o r  heads 

W e ight (pound s )  1 9 . 4 

Peak Pow e r  R e qu i r e m ent s (watt s )  

Site Su r v e y  Mode 1 2. 25 

Sc ientific Mode 5. 8 

1 0 . 9 (night ) 

C a lib r ation Mode 1 2. 0 

b. S c i entific m o d e .  This i s  the no rmal ope r ating m od e  of m a gnetic field 
s e n s ing . 

c .  C alibr ation mode. This i s  pe rformed automatic ally at 1 2 - hour int e rvals 
but c an b e  pe rfo rmed on r e c e ipt of Earth c ommand 5 at any tim e a ft e r  r e c e ipt o f  
E a rth c ommand 4. T h e  pur po s e  o f  t h e  c alibr ation mode i s  t o  d ete rmine t h e  ab s o 
lute a c c u r a c y  o f  the magnetom e t e r s ens o r s  and to c o r r e c t  any d r ift fr om the i r  
lab o r at o r y  c alibr ation. · 

The LSM p e rfo r m s  s ix maj o r func tions a s  s hown in Figu r e  2 - 56 in a c c omplis hing 
i t s  p u r p o s e  of m e a s u r ing the luna r m a gnetic field. The s e  functions a r e  as follow s :  

a. Ele c t r oma gnetic m e a s u r em ent and hou s ek e e ping 
b. C alibr ation and s equenc ing 
c .  S e n s o r  o r i entation 
d. Data handling 
e .  The rmal c o nt r ol 
f. Pow e r  c o nt rol 

2 - 1 09 
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Figure  2 - 56. LSM Exper iment ,  Functional Block Diagram 

; 

DATA 
SUBSYSTEM 

The electromagnetic measurement function measu r e s  the lunar surfac e magnetic 
field by means of thr e e  magnetic s ens ors  aligned in thr ee  o rthogonal s ensing axe s .  
The s e  axe s are called X ,  Y , and Z .  The thr e e  magnetic s ens o r s  p r ovide s ignal 
outputs proportional to the inc idenc e of magnetic field components parallel to the ir  
r e s pective axe s .  All s ens ors  have the capability to s ens e ove r  any one of thre e  
dynamic ranges : 

a. 
b. 
c .  

Rang e 
Range 2 
Range 3 

- 5 0  to + 50 gamma 
- 1 00 to + 1 00 gamma 
- 200  to + 200  gamma 

The range is s elected by Earth command during ope ration. 

The hous ekeeping function provides :  

a. Data d e s c r ibing the condition of the LSM subsys tem. 

b. Status  data defining the ope rational s tate of the LSM to pe rmit proper  in-
terpretation of the s c ientific data. 

c. LSM o rientation data to permit r efe renc ing .  the vector magnetic field data 
to lunar c oo rdinat e s. 

d .  Monitoring of  LSM temperature  by  five s enso r s .  

e .  Monito r ing o f  the + 5 V  r efe renc e  supply fo r magnetic field measurement 
calibration check. 

2 - 1 1 0  
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The s ensor  orientation function monito r s  the leveling of  the LSM, the po s ition of 
the magnetic s en sor s,  and perfo rms  the electromechanical flip and gimbal of the 
magnetic senso r s  under control of Earth command. 

The calibration and s equen cing function r ec eive s and interprets  Earth command s to 
c alibrate and s equenc e  the operation of the other LSM function !' .  

The  data handling function r ec eives  analog voltage s  from the electromagnetic mea 
sur ement and hou s ekeeping function, and proc e s s e s  thi s analog data into d igital 
format to sati sfy ALSEP telemetry r equir ements .  The data handling function then 
sto r e s  thi s info rmation until the data sub sy stem r eque sts  it. 

The thermal control function maintain s the required thermal operating environ 
ment for the LSM mechanisms and electroni c s .  

The power control function compri s e s  a de/de  conve rter and sy stem timer that 
provide  regulated output voltage s, a s  requi red on a tim e - shared ba s i s, to the LSM 
subsy stem. 

The above functions  are  performed in r e spon s e  to the eight Earth command s li sted 
in Table 2 -2 2 .  

2 -1 0 5 .  LSM DETAILED FUNCTIONAL DESCR IPTION 

The six major  functions of  the LSM a r e  d i s cu s sed  in the following paragraphs and 
a r e  illu strated by a s soc iated block diagram s .  

2 - 1 06 .  Electromagnetic Mea surement and Hous ekeeping Function. Figur e 2 -57  i s  
a functional block d iagram of the LSM electromagnetic mea sur ement and hou s e 
ke eping function . 

Thr e e  orthogonally located flux gate magneti c s en s o r s ,  called X, Y, and Z ,  a r e  
employed in measur ing the magneti c  flux with thr e e  identical s ignal proc e s s ing 
channel s .  The magneti c s en s o r s ,  in conjunction with the s ensor  electronic s,  pro 
vid e  signal outputs pr opo rtional to the inc ident magnetic fie ld component s parallel 
to their  r e spective axe s .  

T h e  function o f  the s ens or  electronic s i s  to convert the inc id ent magnetic field in 
ten sity at the r e spective  sen sor s into analog voltage s .  The conver sian sen sitivity 
i s  2 5  mic rovolts/gamma at 1 0 kHz . 

An electrical cable within each s en sor  support arm c onnects  each magnetic s ensor 
to  the s en so r  electroni c s  in  the EGF U .  

The s en sor  electroni c s  a s s embly provi d e s  the fundamental d r ive  power with negli 
gible s ec ond har monic content fo r exciting the fluxgate sensor s .  The a s s embly ac 
c epts  thr ee  s ensor output signals,  s electing and amplifying only the second harmonic 

2 - 1 1 1  
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Table 2 - 22 .  LSM C ommand Li s t  

C ommand 
Numbe r  Nomenc lature Function 

I 

2 

3 

4 

5 

6 

7 

8 

Range Select  

Steady Field 
Offset 

Steady Field 
Addre s s  

F lip/C a l  Inhibits 

F lip/C a l  Initiate 

Filter Failure 
Bypa s s  

Site Survey 

Thermal C ontrol 

Selec t s  dynamic range for magnetic s ensor  
operation 

Introduc e s  known e lectrical  per centage 
offsets  to any of the three magnetic s ensor s 

Selects  sensor s to be  e lectronically off s et 

Inhibits or uninhibits flip/ cal cycle 

Initiate s flip/calibration c yc le 

C au s e s  major porti ons  of the digital filter 
to be  bypa s sed  in the event of digital filter 
fai lure 

Initiate s site survey of each axi s .  Can 
only be used after four flip/cal  c yc le s  

Selects  either X o r  Y boom s en sor tem
perature detector (or off) for the rmal 
c ontr ol. 

POWER ( 
CONTROL 
FUNCTION 

POWER 
SENSOR MTR & HTR POWER 7 ENGR DATA CHANNELS 

ENG INEER ING 
TEMP SENSORS DATA 

THERMAL 
CONTROL 
FUNCTION 

2- 1 1 2  
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Figure 2 - 57 . l.SM Electromagnetic Mea surement and Housekeeping 
Function, Block Diagram 
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component. It demodulat e s  thi s  to p rovide the data handlin g fun ction with analog 
output voltage s proport ional to the magnetic  field inten s ity parallel to the axis of 
each magnet ic  s en s or,  with a frequency re spon s e  of de to 50 Hz. The s en s or e le c 
t ron i c s  al so  p rovide s fe edback cur rent from the analog output t o  the s en sor s ,  and 
gene rate s fundamental and s e cond harmonic  refe rence  square wave s at 5 .  9 625 and 
1 1 . 9 2 5 kHz re spe ct ively. The se  are synch ronous ly de rived from the 1 0 60 Hz 
ALSEP clock pul s e .  

The s ensor e lectroni c s  in corporat e s  proV ! S lOn s for ran ge s ele ct ion, range off s et ,  
and s elf- cal ibrat ion . Offset b ia s e s  and cal ibrat ion rast e r  data are in s e rted in the 
feedback loop of the s en sor e lect ron i c s, and s calin g  i s  ac compl i shed by chan ging 
the fe edback gain. An ampl ifie r in the fe edback c ircuit p rovide s ac curate sum
mat ion of the off s et ,  cal ibrat ion and feedback voltage s at all combinat ion s  of s ig
nal s .  It also p rovid e s  l inear  drive of the fluxgate s en s or fe edback winding ove r 
wide combinat ions  of dynamic range and ran ge bia s e s .  

The engin e e ring  data e lect ron ic s  p erforms the following hous ekeeping  funct ion s :  

a .  Ind icate s the nominal flip pos ition ( 0 ° , 9 0 ° ,  1 80 ° )  of each fluxgate sen sor by 
excit ing the flip posit ion s en sors  and outputting the resultant data in the form of 
three  2 -b it status word s .  

b .  Indicat e s  the gimbal pos it ion (p re o r  post - g imbal ) of each fluxgat e s en sor by 
exc it in g  the gimbal pos it ion swit ching  and outputt ing the r e sultant data in the form 
of three 1 -b it status word s .  

c .  P rovide s the five tempe ratur e s  monitored within the in st rument by excit ipg 
the the rmi stor s with a refe rence voltage and outputting the r e sultant five analog 
voltage s .  

d .  Indi cate s the orientat ion of the in st rument re lative to the local lunar ve rt i cal 
by excit ing the two -axis gravity level s en sor and outputting  the re sultant two analog 
volt age s . · 

e .  P rovid e s  heat e r  powe r statu s and temperature control status .  

f.  P rovid e s  +5V refe rence  voltage an alog data. 

2 - 1 07 .  LSM Calibration and Sequencing Function. The LSM calib rat ion and s e 
quen cin g  fun ct ional block diagram i s  shown in Figure 2 - 58 .  

The flip/cal ib rat ion s equen ce gene ra tor i s  automatically switched on by the ALSEP 
c ent ral stat ion t ime r at 1 8 -hour interval s unl e s s  inhibited by Earth command 4. 
Earth command 5 can init iate the fl ip/cal ibration s equen ce  at any time aft e r  f irst 
re leas in g  the flip/cal inhibit by s endin g  Earth command 4 to the s ite  survey s e 
quence gene rator.  On ce  activated,  the flip/cal s equence  gen e rator s equent ially 
applie s powe r to the s en sor fl ip motor s of the s ensor or ientation funct ion to dr ive 
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the s en s o r s  t o  the i r  1 80 o pos it ion . B efore and aft e r  fl ip s ,  i t  t rigge r s  the cal ibra
t ion step gen e rator  which gene rat e s  the calibration raste r s .  The re are  two rast e r s  
applied s imultaneously t o  all thre e s en s o r s  before  and aft e r  each fl ip. When the 
c al ibrat ion raster  gen e r at ion is completed, a s ignal is s ent back to the flip/c al ibra 
t ion s equen c e  gene rat or,  whi ch sequen c e s  to  the next step and generat e s  an X fl ip 
powe r swit ch on command. Aft e r  a p rogrammed t ime l imit a s ignal is gene rated 
which steps the s equen c e r  to the next state ,  which in turn commands the X flip 
powe r swit ch off and the Y fl ip powe r swit ch on . Thi s s equence is cont inued unt i l  
all  three s en so r s  have been flipped. Then the calibrat ion rast e r  i s  c alled again 
and it s completion c au s e s  a " cal ib rat ion complet e "  s ignal output which turn s off 
powe r to the fl ip/calibrat ion s equence gene rator .  

The flip/c alib rat ion s equen c e  gen e rator al so re c e ives command s from e ither  the 
s ite  survey s equen ce generator dur in g  s ite  surve y mod e, or from the ALSEP cen
t ral s tat ion t ime r during normal s c ient ifi c mode. The s e  command s ,  i f  not in 
hibited by a p revious Earth c ommand 4, will start th� fl ip/calibrat ion s equen ce 
gene rator  ope rat ion d e s c irbed in the p revious paragraph. 

The s ite  survey i s  pe rformed once at the start of LSM ope ration.  It i s  initiated on 
r e c e ipt of Ea rth command 7 whi ch ha s been pre ceded by four Earth c ommand s ( 5 )  
in it iated flip/c alibration s .  The s e  flip/cal ibrations are required t o  mea sure the 
influenc e  of any re s idual magnet i c  p e rms on the s en s o r s .  

Upon rece ipt of Earth c ommand 7 ,  the s ite  survey sequen ce gene rator,  in con 
jun ct ion with inte rnal step command s from the system t iming  and cont rol gene rator ,  
generat e s  the following ope rat ional s equen ce employing the fl ip mot o r s  and the 
flip/gimbal me chanism:  

a .  Init iate  Sub s equen ce 1 
b .  In itiate Flip/Cal Cycle 
c .  Fl ip/Cal Cycle complete 
d.  Survey X Axi s 
e . X Axi s Survey Complete 
f .  Return to Scient ific Mode 
g. Subs equen c e  1 complete 
h. Initiate  Sub s equen ce 2 
i .  Repeat steps b through f for Y axis 
j .  Sub s equence 2 c omplete 
k .  In itiate Sub s equen ce 3 
1. Repeat steps b thr ough f for Z axi s 
m. Sub s equen ce 3 complete 
n . Site Survey camp lete  

Upon complet ion of  step n,  all s en s o r s  will be in the s c ient ific orientat ion with 

c o r r e ct off s et and offs et p olarit i e s .  

2 - 1 15 
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The s it e  surv e y  s equen c e  gen e rat o r  gen e rat e s  the s equen c e  of flip m ot o r ,  flip 
s top mot o r ,  and gimbal mot o r  p owe r swit ching n e c e s s a ry to p e rfo rm the s it e  sur 
v e y  s equen c e .  The de s ign c on s i s t s  of a b in a ry s equen c e  c ount e r  which s t e p s  on e 
s t e p  at the completion of an op e rat ion . The output s a r e  gat e d  t o  obtain a c o in c i 
d en c e  s ign al wh i ch i s  u s e d  t o  p e rfo rm the i r  r e s p e ct iv e  fun ct ion s .  The s e  fun ct ion s  
includ e  the p owe r s wit ch s ignal s ,  a c alibrat ion mod e c ommand s i gnal, and a s e 
quen c e  inhibit s ign al. Fail - s afe f e at ur e s  a r e  d e s ign ed into the s equen c e ;  for ex
amp l e ,  the flip powe r is applied t o  e a ch mot o r, in turn ,  for 1 0  s e c on d s  e a ch. 
Should a flip me chan i s m  fail, the s equen c e  is c ontinued with a r e s ult ing p a rt ial 
f ailure at wo r st .  

The off s et memory store s ,  upon E a rth c ommand 3 ,  on e of s ev en bias l e ve l s  fo r 
e ach s en s o r  chann e l .  The s e  b i a s  level s will be s ot r ed in b in?-ry fo rm in a flip -
flop memo ry who s e  output s t at e s  will d r iv e  the off s et bias gene r ator .  The t r an s 
f e r  logic r e c e ive s s en s or p o s it ion data and d e r ive s the s wit ch c ommand s whi ch c on 
n e ct the p rop e r  off s et b i a s  and polarit y  t o  the s en so r  chann e l s .  

The c al ib rat ion r a s t e r  g ene rat o r  gen e rat e s  a s et of calibrat i on s t e p s  in a s equen c e  
upon re c e ipt o f  c omman d .  The s equence c on s i s t s  of two ident i c al c y cl e s ,  e a ch 
cycle c on s i stin g  of 8 p r oport ional s t ep s  of app roximately 1 0 - s e c ond durat ion e a ch. 
The calib r at i on r a s t e r  gen e rat o r  r e c e ive s it s c ommand f rom the flip/c al s equen c e  
gen e rat o r  whi ch enable s  a gat e  allowin g  a 1 /1 0 pp s clock t rain from t h e  s y s t e m  
c l o c k  and t imin g gen e r at o r .  The s e  pul s e s  s et a c oun t e r who s e  stat e s a r e  gat e d  t o  
turn on swit che s in a ladd e r  n etwork. The output volt ag e s  o f  t h i s  ladde r a r e  s ent 
out to the s en s or e l e ct ron i c s calib r at ion input . B oth polarit i e s  a r e  gen e rat e d .  
The p r o c e s s  i s  repeat ed fo r two cycl e s  and then the clock gate i s  d i s abled and a 
" c al- step" complete s ignal i s  s ent back t o  the flip/c al s equen c e  gen e r at o r . 

The off s et bias gen e rat o r  i s  s imilar to the calib r at i on r a s t e r gen e rator excep t it 
c ont ain s three s eparat e  ladde r netwo r k s ,  one for e a ch magnetome t e r  chann el.  The 
s wit ch s t at e s  of the d iffe r ent off s et bias gen e r at o r s  are dete rmin e d  b y  the off s et 
m e mo r y. In addit ion, each output will be inv e rt e d  givin g  both pol a r it i e s  of e a ch 
b i a s  volt age . The s e  output s will be rout e d  t o  a swit ch mat r ix whi ch c onn e ct s  e a ch 
s en s o r  chann el t o  the p rop e r  bias level and pola rity a s  d ete rmined by the t ran sfe r 
l ogi c .  

The s y s t em t imin g  and c ont rol gen e rato r gene rate s all the t im ing and s yn chron i 
z at i on s i gnal s n e c e s s a ry t o  s yn ch ron ize the dat a  p ro c e s s ing and s equen c in g .  It 
c ont a in s  a c l o ck which gene rat e s  p e riodic int e rn al t imin g  comman d s  fo r the s it e  
survey and c al ib r at ion s equen c e s .  

2 - 1 0 8 .  LSM S en s o r  O r i entation Fun ct ion .  A funct ional bl ock d iagram of the s en s or 
o rient ation fun ction i s  shown in Figure 2 - 5 9 .  

Thr oughout ope r ation, the phy s ical attitude of the LSM r e lative to the lunar s u r fa c e  i s  
monitor e d b y  a n  electroni c  leve l dete ctor that u s e s  a capa c itanc e  pickup t o  me aur e atti
tude in a r ang e of ± 15 o of level in the two axe s .  The dete ctor is mount e d  on top of the E G F U 
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F i gure 2 - 5 9 .  L S M  S en s or O r i entat i on Fun ction ,  B l o c k  D iagram 

a nd r e la y s  leve l status data to Earth a s  part of the e ngine e r ing data. Data on the 
LSM phy s ic a l  attitude i s  u s e d in int e r pr eting the s c ientific data.  

In the no rmal s c i ent ific mod e ,  the th r e e  s en s o r s  hav e a fixed or ientation .  E a ch 
s en s or i s  p o int ed alon g the axi s  l in e  of it s supp ort arm in a d i r e ct ion away from 
the E GFU. Thi s  p o s ition is c on s id e red the refe ren c e  or 0 °  p o s it i on for s en s o r  
o r ientat ion in the s c i ent ific mod e .  

In the c al ib r at ion mod e ,  the th r e e  s en s o r s  a r e  flipped, in turn ,  th rough 1 8 0 ° .  In 
the s it e  s u rvey mode , the thr e e  s en s o r s ,  in turn ,  a r e  gimbal ed 9 0  o and then flipp e d  
th rough 9 0 °  and 1 8 0 ° .  To a c comp l i sh the s it e  s u rvey, all thre e s en s o r s  mu st b e  
a l i gn ed pa rall el t o  e a c h  o f  the c oo rd inat e  axe s  in turn, a s  shown in F i gu r e  2 - 60 .  

S en s o r  fl ipping and gimb aling i s  be st un d e r stood b y  p roj e ct ing one s e lf into the 
s am e  p o s ition that the s en s o r  has in the o o  refe ren c e  p o s it i on point e d  along the 
axi s l in e  of it s s upport a rm in a d i re ction away from the E GFU and imagin g the 
s en s o r ' s  view. 

A s  the s en s o r look s outwa rd,  it has a ho r i z ontal plan e  c o in c ident with the axi s l ine 
of it s s upp o rt a rm. The s en s o r  is c apable of move ment in thi s  ho r iz ontal plan e .  
This  movement i s  called flipp ing. In the c al ib r at ion mode the s en s o r s  c an flip 

2 - 1 1 7  
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f r om o o  t o  1 80 °  and back. In the s it e  s u rvey mode the s en s o r s  can flip 0 °  t o  9 0 °  

o r  1 8 0 °  and ba ck. S en s o r  fl ipp ing i s  a c c ompl i shed by th r e e  40 0 - c yc l c ,  two -pha s e  
a c  mot o r s  whi ch p r ovid e fl ipp in g mot ive pow e r  through three fl ip d r ive me chan i s m s  
t o  the thr e e  s en s or s .  Th r e e  p o s it i on stop s in c orporat e d  i n  the supp o rt yoke s t ru c 
tur(' of (' a ch s en s o r  p r ovide p o s it ive c ont rol of s en s o r  p o s it i on durin g  fl ipping, and 
gua r ant e e  o r i entat ion a c cura c y  at e a ch of the thre e  p o s it i on s ,  0, 9 0, and 1 80 d e g re e s .  
Th l' 9 0 - d e g r e e  s t op i s  ne c e s s a ry during the s it e  survey mod e and i s  p e rman ently 
ret r a c t e d  aft e r  thi s  mode is p e rfo rme d. Cont rol of thi s  r e t r a ctable stop is p r o 
vided by a followe r a s s emb l y  l oc ated on the d rive me chan i s m s ,  and i s  s yn chron i z e d 
t o  the flux me a s ur ement s equen c e .  Mot ive p owe r fo r stop retraction i s  p r ovid ed 
by the flipp e r  d r ive mot o r  by mean s  of a d r ive c ab l e  runnin g through the supp o rt 
a rm to the s en s o r  head. 

Gimbalin g  is  a repos it i on in g  of the s en s or by phy s i c ally rotating the s en s o r  and it s 
suppo rt in g  yoke a r ound the axi s  that pas s e s  thr ough the s en s o r a s  an ext e n s i on of 
the s upp o rt arm axi s .  This rotat ion i s  a c c omp l i shed by a s p r ing r e l e a s e d  through 
the me chan i c al l inkage in an inn e r  a rm that pa s s e s  through the out e r  supp o rt a rm 
hou s in g  an d c onn e c t s  to the gimbal/fl ip un it . B oth fl ipping and gimba l in g  are p e r 
formed int e rnal t o  the s uppo rt arm without any vi s ible change t o  the out s id e  c on 
f i gu r at i on .  A s en s o r can b e  g imbal ed 9 0  o .  On c e  in the new p o s it ion, the s ame 
f r e e dom of movement u s e d  fo r fl ipp ing allows the s en s o r  to move thr ough a new 
p l an e  that is 90 o p e rp en d i cular to it s forme r movement plan e .  With thi s c ombin a 
t ion o f  fl ip and gimbal capab i l it i e s ,  e a ch s en s o r  c an be p o int ed in the d i r e ct ion r e 
qui r ed for s it e  survey. 

In the s it e  survey mo d e ,  s e n s o r  p o s it i on s are me chan i c ally p rogr amme d by c am 
a ct i on .  At the end of thi s op e r at ional mod e ,  the p r ogram i s  s topped by mean s  �f 
a t o othl e s s  s e ction of the cam. At the s ame time,  the end of s it e  s u rv e y  swit ch 
d e a ct ivat e s  the e l e ct r on i c  s it e  s u rvey s equen c e  in the s en s o r  o r ientation {unct ion .  

F l ip and gimbal p o s it i on s are mon it ored th roughout op e r at ion b y  mean s  of p o s it i on 
d et e ct o r s  ( 3  flip po s it ion and 2 gimbal p o s ition d et e ct o r s  p e r  axi s ) .  

2 - 1 09 .  LS M Data Handling Fun ct ion .  A fun ction al block d iagram of the LS M data 

handlin g  fun ct ion i s  sh own in F i gure 2 - 6 1 .  The dat a hand l in g  fun ct ion c onve rt s  

s c ient ifi c and en g in e e rin g  data int o  a d i gital fo rmat c omp at ibl e  with the ALSEP 

t e l em e t r y  int e rfa c e .  

2 - 1 1 0 . S c i entific Data Proc e s s ing - The three p r e - filt e r ed an alog outp ut s of the 
s en s o r e l e ct ron i c s  a r e  s ampl e d  s imultan e ou s l y  (t o within 1 2 5  m i c ro s e c onds of 
on e anothe r )  at the d i git al filt e r  s amp l in g  rate by a s ample and hold c i r cuit . The 
s t o r e d  (an alog)  s amp l e s  are multip lexed int o the anal o g - t o - d igital c onve rt e r  whi ch 
s equent ially c onv e rt s  e a ch int o a 1 0 - bit b inary wo rd that i s  shift e d  out into a mem
o ry un it in the d i gital filt e r. 

2 - 1 1 9  
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The d i gital filt e r  s e rv e s  to r e du c e  to an a c c eptable leve l the al i a s ing e r ro r  int r o 
duced into the s ci ent ifi c  data by the output dat a  s ampl in g  r at e .  The thr e e  chann e l s  
o f  s c i entific data t ime share the a r ithmet ic un it, the data bu s ,  and the d at a  c ont r ol 
in the digital filt e r .  The va riou s  stat e  variabl e s  a r e  s t o r e d  in a c o r e  memory in 
the filt e r  when not be in g  u s e d  to p e rfo rm a cal culat ion . The s t at e  va r iable r ep r e 
s enting the filt e r e d  output of e a ch chann el at a given ( r e al t ime ) s ampl e  in stant i s  
s hift e d  out into the output dat a  s ub s y s t em upon r e c e ipt o f  a dat a  de mand pul s e .  
The refore,  although the r e adout s ot the data s ub s y s t em a r e  stagge r e d  in t im e ,  they 
r e p r e s ent app r oximat ely s imultan e ou s ,  p e riodic s ampl e s  of the thr e e  magn e t i c  
field v e ct o r  c omp on ent s in r e al t ime . 

The digit al filt e r  may be b ypa s s e d  if s o  o rde r e d  by g r ound command 6 in the event 
of filt e r  failu r e .  In thi s  c a s e ,  the s c i entific dat a  und e r go e s only analog filt e r in g  
with a r e s ult ant in c r e a s e i n  alia s in g  e r ro r .  Re - exe cut ion of the filt e r  c ommand 6 
remove s the byp a s s .  

2 - l l l . Engine e r ing and Statu s Data P r oc e s s ing - The engin e e r in g  data p r o c e s s in g  
unit c onve rt s  8 chann e l s  o f  analog en gin e e r in g  data int o bin a r y  for m  in addit ion t o  
p r o c e s s in g  bin a ry status data. 

The engin e e rin g  data is multipl exed with the s c ientifi c data, thu s p e rmitt in g the 
u s e  of a s in gl e  multip l e x e r  and A/D c onve rte r .  The an alog en gin e e r in g  data i s  
con ve rte d  t o  1 0 -bit b inary wo r d s  by the c onve rt e r  but i s  s ub s equent ly t run c at e d  t o  
7 b it s ,  yieldin g  a r e s olut i on of app roximat e l y ± 0 .  5 p e r c ent . The c onve rt ed en g i 
n e e r in g  data byp a s s e s  t h e  d i gital filte r  rout in e and i s  s ent t o  t h e  output data buff e r  
and fo rmatt e r  whe r e  it i s  s ub c ommutated with th e b inary statu s d at a  an d shift e d  out 
t o  the data s ub s y s t e m  fo r down l ink t r an smi s s ion a s  word 5 in 1 6  c on s e cut ive ALSEP 
f r ame s .  

2 - 1 2 0  
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2 - 1 1 2 . LSM The r ma l  C ontrol Function - The LSM i s  d e s i gn e d  t o  op e r at e ove r the 
t Pmp c ratuTe r ange of - 5 0 ° C  to + 6 5 " C . Thi s  ran ge appli e s  to the int e r i o r  of the 
ba s e  packagt' and e a ch s en s or head.  Maintenan c e  of int e r i o r  t e mp e r atu r e s  within 
thP abovP ran g e  in the s e ve r e  lunar the rmal envi ronment is a c c ompl i shed by a 
c o mb in at i on of in sulat ion , c ont r ol surfa c e s ,  p a r abol i c  refl e ct o r s ,  s un shad e s ,  and 
h e at e r s .  Figu r e  2 - 6 2 i s  a block d i a g r am of the a c t ive the rmal c ont rol fun ct ion . 

X, Y, Z HEATER SENSOR 
HEATERS SWITCHES 

DATA COMMAND 8 
SUBSYSTEM DATA TEMP CONTROL XJY/OFF TEMPERATURE ENG INEERING 

I 
X, Y, Z EGFU 
TEMPERATURE TEMPERATURE 
DETECTORS DETECTORS 

DETECTOR 
ELECTRON ICS DATA HANDLING 

FUNCTION 

Figu r e  2 - 6 2 .  LSM The rmal Cont rol Fun ction ,  B lock D iagram 

H e at e r s  d i s s ip at in g  on e watt a r e  requi red in e a ch s en s o r  head t o  ma intain a mini 
mum of +3 5 o C  during the lunar n i ght . The heat e r s  a r e  automat i c ally swit ched on 
and off as requi red by a the r mi s t o r  n etwork wh ich is c ont rolled by a s en s o r head 
t emp e rature d e t e c t o r .  Maximum t e mp e rature dur ing the day i s  e xp e ct e d  t o  be · 
l imite d  t o  + 5 0 ° C . E a rth c ommand 8 swit che s from the X s en s o r  the rmistor t o  the 
Y s en s or the rmi s t o r ,  to heat e r s  off, and back to X. Two add it i on al det e ct o r s  
mon it o r  the t e mp e ratu re within the e l e ct r on i c s  ba s e  p a c kage . All t emp e rature 
data is  p r o c e s s e d and t r an s mitt ed to E a rth a s  engin e e r ing data.  

2 - 1 1 3 . LSM P ow e r  C ont rol and Timing Function - The LSM p ow e r  c ont rol and 
t im in g  fun ct i on p r ovid e s :  c ondit ion in g  of the 29 vd c ALSEP powe r for u s e  by LSM 
s ub s y s t em s ; t im e - sha r in g  high -p owe r l oad s of the s en s o r  mot o r s  and heat e r s ; 
t ime - sharing e l e ct r on i c s  powe r during int e rval s equen c e s  s o  that p e ak and ave rage 
p ow e r  deman d s  on the ALSEP a r e  g r e atly r educ e d ;  int e rn al l y - gen e r at ed clock s 
s yn ch r oniz ed t o  the l 0 6 0  Hz ALSEP clock.  F i gu r e  2 - 63 shows LSM load s that 
c oup l e  d i r e ctly t o  the ALSEP 2 9 - volt l in e ,  a s  well a s  int e rnal p owe r d i s t r ibut ion 
r equ i r ement s .  The p ow e r  c ondit ioning fun ction i s  p e rformed by the D C/D C  con 
v e rt e r .  Int e rnal p owe r - sha r ing i s  c ont r ol l e d  by the s y s t e m  t ime r .  

T en switched p owe r output s a r e  d riven b y  int e rn al t iming d iv i d e r  c i r c uit s .  System 
s yn ch ron i z at ion i s  maint a in e d  s in c e  c l o c k s  and swit ched p ow e r  output s a r e  d e r ived 
f rom the s ame divid e r  chain .  A s y st e m  p owe r - on r e s et pul s e  i s  gen e rated t o  
init ializ e s ub s y s t e m s  a s  r equi r e d .  

2 - 1 2 1 
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Figure 2 - 6 3 .  LSM P owe r Cont rol and T iming Fun ct ion, B lo c k  D iag ram 

2 - 1 1 4. LSM Data Sub s y s t em Int e rfa c e .  The d ata s ub s y s t em suppl ie s the LSM w ith 
the e i ght E a rth comman d s  l i s t ed in Table 2 - 2 2 . In add it i on the dat a  s ub s y s t e m  
s upp l i e s  the followin g t imin g pul s e s  t o  t h e  LSM t o  en s u r e  p rope r  s equen cing of out 
p ut dat a :  

a. Data Cl ock 
b. F rame Mark 
c. D ata D emand 

The LSM s end s back to the data s ub s y s t e m  two k ind s of dat a :  

a. S c i ent ifi c 
b. Engin e e r in g  

B oth the s cientific and en g in e e r in g  d at a  a r e  s uppli e d  to the data s ub s y s t e m  data 
p ro c e s s o r  ove r a s in g l e  digital output data l in e . (See Figure 2 - 5 6. ) The magn e t o 
m et e r  data i s  c ontain ed in ALSEP wo rd s 5 ,  1 7 ,  1 9 ,  2 1 ,  49 , 5 1 ,  and 5 3 .  (S e e  F i g 
u r e  2 - 3 0 . ) 
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Word 5 of each ALSEP data frame c ontain s LSM engineer ing data and status infor
mat ion and word s 1 7 ,  1 9 , 2 1 ,  49 ,

' 
5 1 ,  and 53  contain LSM s c ient ific  data. Word s 

1 7  and 49 rep re sent two suc c e s s ive X-axis value s ,  word s 1 9  and 5 1  repre s ent two 
suc c e s s ive Y - axi s value s ,  and words 2 1  and 53 repre sent two suc c e s s ive Z -axis 
value s .  Each 1 0 -bit s c ient ific X, Y, and Z wo rd has the format dep icted in Ta
ble 5 ,  Appendix B .  

The engin e ering  data and inst rument status information is  contained in 1 6  subcom
mutated frame s using  the fo rmat dep icted  in Tabl e s  5 and 6 ,  Appendix B . 

The engineer ing  status bit structure i s  de s c ribed in Table 7 ,  Appendix B . 

2-123/2 - 1 24 
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2 - 1 1 5 .  H EAT F LOW EXPERIMENT (HFE )  SU BSYSTEM 

The heat flow experiment (HFE)  mea su r e s  the temperature gradient and the ther 
mal c onductivity i n  the near surface layer s  o f  the moon. From the s e  measure 
ments the lunar heat flow can be  c alculated. The mea surements obtained from 
the experiment enable the average value a s  well a s  the direction of the net heat 
flux to be determined. The knowledge of the lunar heat flux will provide addi
tional information on : 

a. A c omparison of the radioactive c ontent of the Moon ' s  interior and the 
Earth ' s  mantle. 

b .  A thermal histor y of  the Moon 
c .  A lunar temperature ve r sus depth profile 
d .  The value of thermal paramete rs in  the fir st three meters  of the moon ' s  

c ru st. 

When compared with se ismic me a surements ,  data from the HFE experiment will 
provide - information on the c ompo sition and phy sical state of the Moon ' s  interior. 

The HFE is  deployed with the two sensor proble s emplanted in the lunar surfac e 
in three -mete r borehole s .  The se  hole s are drilled by the astr onaut with the 
Apollo lunar surface drill (ALSD ) .  (Refer to Section IV for a desc ription of HFE 
deployment . ) The two probe s are c onnected by two multiple- lead c able s to the 
HFE electr onic s package which is  deployed separately from the A LSEP c entral 
station. 

Ten Earth commands c ontrol the ope ration of the HFE. The HF E responds to ·the 
data sub s ystem with scientific datum s and s ix engineering status  datums .  One 
word of the fir st 1 6  frame s of each 90 -frame A LSEP telemetry cycle is �sed to 
transmit the HFE scientific datum s downlink to Earth. The HF E engineering 
statu s datums are subc ommutated with other A LSEP engineering and hou s ekeeping 
datums in word 33  of the A LSEP telemetry frame . Refer to the Command List, 
Appendix A, and the Measur ement Requirements ,  Appendix B, for c ommand and 
data definition. 

2 - 1 1 6 . HFE PH YSICA L  DESCRIPTION 

The major c omponents of the HFE are two s ensor probes  and an e lectronic s pack
age as shown in Figure  2 -6 4. The probe s are epoxy-fibergla s s  tubular structures  
which support and hou s e  temperature s ensor s ,  heater s ,  and the as sociated elec·
trical wiring. Each probe has two s ections ,  each 5 5  em long, spaced 2 em apart 
and mechanic ally c onnected by a flexible spring. The flexible spring allow s  the 
probe a s s embly to be bent into a U - shape to fac ilitate packing, stowage, and 
carrying. 

Ther e  is a gradient heat sensor sur rounded by a heater coil at each end of each 
probe section. Each of the s e  two gradient sensors  c ons ists of tw o res i s tanc e 
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e lement s , . The s e  four r e s i stance e lements  a r e  c onnected i n  an e lectrical bridge 
cir cuit. Ring s en sor s a re located  1 0  em from each end of each probe s ection. 
Each of the s e  two r ing s ensor s ha s two r e s i s tanc e e lement s ,  The s e  four re s i s 
tance e lement s  a r e  c onnected into a n  e le ctr ical  bridge c ircuit, Four thermo
c ouple s are located in the c able of each probe .  

The heat flow e lectronic s package c ontains s ix printed c ircuit boards  which mount 
the e lectronic c ircuits of the experiment. An external cable reel  hou s e s  the HFK 
c entral stati on cable and fac i litate s deployment.  A sunshie ld thermally protects 
the e lectronic s package from exte rnally gene rated heat.  A reflector bui lt into the 
open end of thi s  sunshie ld aid in the radiation of internally gene rated heat that othe r 
w i s e  might be entrapped under the sun shie ld. The e lectr onic s package is the rmally 
pr otected  by multi layer insulation and the rmal c ontrol paint. The leading parti 
cular s of the HFE are  li ste d in Table 2 - 2 3 .  

2 - 1 7 7 .  

Table 2 - 23 .  HF E Leading Pa rticular s 

Characte ri stic Value 

Siz e  of pr obe s (exc luding handle s -
both packaged for flight) in inche s 

Siz e  of electronic s unit in inche s 

Weight of probe s (both packaged 
for flight ) in pound s 

Weight of e lectronic s unit in 
pound s 

Power  Re quirements 

Mode l 

Mode 2 

Mode 3 

HFE FUNC TIONA L DESCRIPTION 

2 5 ,  5 X 4, 5 X 3 ,  5 

1 0 x l l x 9 . 5 5 

3 ,  6 

7 0 l 

3 ,  7 watt s (day)  
9 .  3 watts (night ) 

4 .  2 watts (day)  
9 .  6 watt s (night) 

5, 4 watts (day)  
1 0 , 3 watts (night ) 

The operation of the HFE e lectronic s instrumentation when mea suring the lunar 
material  temperature s may be c la s s ifie d  into s ix functions a s  shown in Fig-
ure  2 - 65. The s e  functions are  command pr oc e s s ing, timing and c ontrol, tempe r 
ature  mea surement, c onductivity heater, data handling, and power  and e lectronic s 
the r ma l  c ontrol. 
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The c ommand pr oc e s s ing function r ec eive s 1 0  different Earth c ommands (listed 
in Table 2 -2 4 )  and trans late s the s e  c ommands to a llow ground c ontr ol of the 
various optional operations of the HFE . 

The timing and c ontrol function receive s basic ALSEP timing s ignal inputs from 
the c entral s tation and trans lated c ommand s e lect. s ignals  from c ommand proc e s s 
ing and di s tribute s  logic c ontrol s ignals to all other major functions . Th e  timing 
and c ontrol  function actively s e quenc e s  the operation of the HFE through mea sure
ment routine s in accordanc e with s ignals received from c ommand proc e s s ing. 

The temperature mea surement function rec eive s s en sor excitation s ignals from 
timing and control and provide s analog temperature mea surement data to the data 
handling function. The c onductivity heate r function receive s heate r s elect s tepping 
s ignals for disc rete operation of all eight heater s  and generate s the drive current 
nec e s sary to energize the lunar s oil with a predete rmined amount of heat. 

The data handling func tion converts the analog mea surement sc ienc e data to digital 
data. In addition, it receive s mode, sequence,  subs equenc e, and heater status 
data. It formats and supplie s this data to the data subsys tem in r e s pons e  to the 
data demand and data shift pul ses  for ins ertion in the A LS E P  telemetry data 
s tream. 
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The power and e lectronic s the rmal c ontrol function distribute s supply voltage s  to 
all functions and maintains the proper operating tempe rature for th e HF E elec 
tronic s package.  

2 - 1 1  H .  HFE DETAILED FUNC T IONA L DESCRIPTION 

2 - 1 1 9 .  HF E Command P r oce s sing Function. The command proce s sing functi on 
con s i s t s of the input buffer ,  mode s elect r egist er ,  mea sur ement s elect r egis t e r ,  
probe s elt� ct r egist e r ,  and the heater and r emote b ridge s ensor  ( ring s en s o r s )  
s elect r egis ter  a s  shown in Figur e 2 -66 .  Command pr oce s sing includes  the 
r eception of Earth command s ,  command decoding, and subs equent generation 
of mod e control signals that establish the logic r outines fo r heater ,  pr obe,  
measur ement, and mod e operati on s .  

The input buffe r ac c epts and store s a l l  ten Earth command s (C 1 through C 1 0 , 
Table 2 - 24 ). They are gated to appropriate inputs of the re spective s e lect regis 
ter s  by the 9 0th frame ma r k .  

C ommand Number 
Symbol Octal 

CH- 1 13 5 

CH - 2  136 

C H - 3  140 

CH-4 14 1 

CH- 5 142 

CH-6 143 

CH-7 144 

CH - 8  1 4 5  

C H - 9  146 

C H - 1 0  1 52 

Table 2 - 24 .  H F E: Command List 

C ommand Nomenc lature 

Normal (Gradient) Mode S elect (HFE MOD E/G S EL) 

Low Conductivity Mode Select (Ring Source ) 
(HF E  MODE /LK SE L) 

High Conductivity Mode Select (Heat Pul s e ) 
(HFE MODE /HK SE L) ' 

HF Full Sequence S elect (HFE SEQ/FU L SEL) 

HF Probe #1 Sequence Select (HFE SEQ/Pl SE L) 

HF Probe #2 Sequence Select (HFE SEQ/P2 SE L) 

HF Sub s equence # 1 ( HF E  LOAD 1) 

HF Subs e quenc e # 2  (HFE LOAD 2 )  

HF Sub sequenc e ff 3  (HF E  LOAD 3 )  

HF Heate r Advanc e (HFE HTR STE PS) 
(Steps through following 1 6 - step sequenc e ,  one step 
pe r command) 
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Figure 2 -6 6 . HF E C ommand Proc e s s ing Function, Block Diagram 

TIMING 
AND 
CONTROL 
AJNCTION 

The mode s e lect register receive s c ommand s C l  through C 3  and operate s a s  a 
mutually exc lu sive logic circuit providing only one s ignal output for one c ommand 
input. The output of the mode s e lect regi ster plac e s  the HFE in one of three  basic 
modes of operation for pe rforming temperature mea surement s .  The notation a s 
signed t o  the s e  thr ee basic mode s are mode 1 (normal, o r  gradient mode ), mode 2 
(low c onductivity mode ),  and mode 3 (high c onductivity mode ) .  

Operation of the HFE in performing mea surements  i n  mode s  1 and 2 a r e  identical ;  
but in mode 2 ,  the probe heater c onstant curr ent supply is turned on and any one 
of the four heate r s  on either probe can be s elected by c ommand 1 0  to mea sure 
lunar material heat c onductivity. 

Ope ration of the HFE in performing mea surements  in mode 3 is c ontr olled by the 
heater s elect and remote bridge sensor (r ing s en sor s )  s elect registe r .  Mode 3 
operation utili z e s  the ring s ensors  in conjunction with the heate r s .  Mode 2 opera
tion utilize s  the gradient bridge sensor s in c onjunction with the heater s, while 
mode 1 operation utilizes  only the gradient bridge sensor s with the heater s  turned 
off. In addition, the HFE is pr e s et to mode 1 and full mea surement sequenc e em
ploying the gradient bridge s ens or s upon turn- on. 

The measurement s elect register is a logic c ircuit that s ens e s  various combina
tions of c ommands C4 and C7 through C9 .  It dete rmines the measurement routine 

2 - 1 3 0 
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for mode s  1 and 2 . In addition, the mea surement se lect registe r acts a s  a 
mutually exc lus ive c ircuit when s ensing c ommand 4 thu s s etting up sub sequent 
c ircuitry for a full sequence of temperature mea surement s a s  desc ribed in 
Tablt> 2 - 25 . 

The probe se lect registe r  is a mutually exc lusive logic c ircuit that allow s  the op
tion of s e lecting probe 1 or probe 2 independently during any temperatu re measure
ment format in mode 1 or mode 2 . When C4 is  applied to the probe select  regis 
ter ,  the registe r  will s e lect both probe s in sequenc e .  

The heater s e lect and remote bridge sensor se lect register is a mutually exc lu 
s ive and c onditional logic circuit that s e lects  both the heater s  and remote bridge 
s ensors  (r ing s ensor s ) .  During mode 1 the regi ster has no effect  on ope ration. 
C ommand C l  0 is gated into the register  to allow for heate r s e lection from Earth 
In mode 2 the register s e rve s a s  a heater s e lect  register only. In mode 3, the 
register  s e rves  a s  both a heater s e lec t  regis te r  and remote bridge s e lect  registe r .  

2 - 1 2 0 .  HFE Timing and Control Func tion. The timing and c ontrol function i s  
shown in' Figu re 2 -6 7  and c onsi s t s  o f  the measurement sequence programme r, 
400 KHz c lock, and the measur ement s equenc e decode r .  Timing and c ontrol re
c e ive s c ommand and timing s ignals  from the command proc e s s or function and data , 
sub s ystem, re spective ly. It provide s the ba s ic timing and c ont rol  required for 
acqui s ition of data from the s ensor s and for formatting that data through the data 
handling function. 

The me asur ement s equenc e pr ogrammer contr ols HFE measurement s equenc ing 
in mod e s  1 and 2 in r e s pon se  to measurement s e lect  s igna l s .  Sequence s tatu s is 
applied through the s equenc e dec ode r to control  measur ement s  and s ensor exc ita 
tion. The full sequenc e of me asur ements is  listed in Tab le 2 -25 . A 9 0th frame 
mark occur s onc e every 54. 4 second s .  The time required to make a c omp1ete 
cyc le of reading s (full  s equenc e )  is  7 .  25 minute s .  In addition, the re spective 
probe s e lection is handled by the measur ement sequenc e programme r dur ing 
mode s 1 or 2 . 

The sub s equenc e programme r,  driven by a 400  KHz c lock, a llow s  any one of four 
pos sible mea sur ement typ es ( N 1 through N4 ) to be taken. (S ee Table 2 - 24 . ) It p r o 
vide s a data c ontrol  gate and digital sub sequenc e s tatu s data through the decoder 
to the data handling function. 

Signal s  rec eived from the measurement s equenc e programmer and the subse
quenc e programmer are c ompa red and decoded by  the mea surement s equenc e de
c oder and s ent to the conductivity heater ,  tempe rature  mea surement, and data 
handling func tions for program c ontrol  during HFE oper ation. 

2 - 1 2 1 .  HFE Tempe rature  Measur ement Function. The HFE temperature mea
surement func tion b lock diagram is  shown in Figure 2 -6 8  and c ons ists  of the pulse  
power  supply, sens or exc itation switching c ircuit, gradient bridge sensors ,  

2 - 1 3 1  



N I Table 2 - 25 . HFE Measurements ...... w N 
Sequential Heater  

Order  Symbol Measurement and Location Status 

Modes  1 and 2 Sequence  (Gradient and Low Conduct ivity) 

High Sens itivity 

1 DH- 0 1  Tempe rature diffe r enc e ,  upper gradient bridge probe 1 ( .6-T l l H) 

2 DH- 02 T emperature diffe r enc e ,  l ow e r  gradient br idge probe 1 ( .6.T
l 2

H) 

3 DH - 0 3  T emperature diffe renc e ,  upper  gradient bridge probe 2 ( .6.T
2 1

H) � 
t"' 

lower  gradient br idge probe 2 
Cll 

4 DH- 0 4  Temperature differenc e ,  ( .6. T 2 2
H) M 

'0 Off in I 

Low Sens it ivity Mode I ,  � t-3 
a s  I 

5 DH- 0 5 T emperature differenc e ,  upper  gradient bridge probe I ( .6. T l l  
L) s elected 

0 
"' 

in Mode 2 
6 DH- 0 6  T emperature diffe renc e ,  low e r  gradient br idge  probe 1 ( .6. T 1 2  

L) 

7 DH- 0 7  T emperature diffe r enc e ,  uppe r  gradient bridg e probe 2 ( .6. T 2 1  
L) 

8 DH- 08  T emperature differ ence ,  low e r  gradient bridge probe 2 ( .6.T
22

L) 

Ambient T emperature 
-

9 DH- 09  Upper  gradient bridge  probe 1 ( T l l
) 

1 0  DH- 1 0  Low e r  g radient bridge probe I ( T 
1 2

) 

1 1  DH- 1 1  Upper  g radient br idge probe 2 ( T  
2 1

) 

1 2  DH- 1 2  Lower  g radient bridge probe 2 ( Tz z) 



N 
' 

...... 
w 
w 

�e quent ial 
O r d e r  

1 3  

1 4  

1 5 

1 6 

Symbo l  

DH- 13 

DH - 1 4 
DH- 2 4  
DH -3 4 
DH - 44 

DH - 1 5  

DH - 1 6  
DH- 2 6  
DH -3 6 
DH- 46 

DH - 50 
DH- 5 1  
DH - 5 2 
DH- 53 

DH - 6 0 
DH- 6 1 

DH - 6 2 
DH- 63 

T able 2 - 2 5 . HFE M e a s u r em ent s ( co n t )  

M e a s u r ements a n d  L o c ation 

M o d e s  l and 2 S e quenc e ( G ra d i ent and Low C onductiv ity) ( co n t )  

T h e r m o c o uple 

T h e r m o c o u p l e  · refe r e nc e j unc t ion the r m o m ete r ( T r e f )  

Four th e r m o c ouple s  i n  p r o b e  l c able ( f o u r  
R efe r enc e t h e r mo c o uple - th e rm o c o uple 
T h e r m o c o uple 4 - thermoc ouple l 
Th e rm o c o uple 4 - the rmoc o upl e 2 
Th e r m o c o uple 4 - th e r m o c o u ple 3 

r ea d in g s) ( T C  g roup 1 ) 
4 ( R e f .  T C - T C 1 ( 4 ) )  

( T C 1 ( 4 ) - T C 1 ( 1 ) )  
( T C 1 ( 4) - T C 1 ( 2 ) )  
( T C 1 ( 4) - T C 1 ( 3 ) )  

T h e r m o c ouple r e f e r enc e j unction the r m o m e t e r  ( T r e f) 

Four t h e r m o c oupl e s  in probe 2 c a b le ( fo u r  r eading s )  ( T C  g r o up 2 ) 
R ef e r enc e the r m o c o upl e - th e rmoc o uple 4 ( R ef. TC - T C 2 ( 4) ) 
T h e r mo c o uple 4 - th e r moc oupl e l ( T C 2 ( 4) - TC 2 ( 1 ) )  
T h e r m o c ouple 4 - th e r moc o u p l e  2 ( T C 2 ( 4) - TC 2 ( 2) )  
T h e r mo c o uple 4 - t h e r m o c ouple 3 ( T C 2 ( 4) - T C 2 ( 3 ) )  

M o d e  3 ( H i g h  C o nduc tivity) 

Diffe r ential t e m p .  p ro b e  1 - b r i d g e  l 
Ambi ent t emp. probe l - b r i d g e  l 
Diff e r ential t e m p .  p r o b e  l - bridg e 1 
Ambient t e m p .  probe 1 - b r id g e  1 

Diff e r ent i a l  temp.  probe 1 - b r i d g e  2 
Ambient t e m p .  probe 1 - b r i d g e  2 

Differ ential  t emp. p r o b e  1 - b r i d g e  2 
Amb ient t e m p .  prol?e l - b r id g e  2 

H e a t e r  
Stat u s  

Off i n  
Mo d e  1 
a s  
s e le c te d  
in Mod e  2 

O F F  
O F F  
H 1 2  ON 
H 1 2  ON 

O F F  
O F F  

H 1 4  ON 
H1 4 ON 

!l> 
t"' 
(/J 
M 
'tJ 
' 
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Sequential 
Order Symbol 

DH- 56  
DH- 57  
DH- 58 
DH- 59 

DH- 66 
DH- 67  
DH- 68 
DH- 69 

DH- 70 
DH- 7 1  
DH- 72 
DH- 73 

DH- 80  
DH- 8 1  
DH- 82  
DH- 8 3  

DH- 76 
DH- 77  
DH-78 
DH- 79 

DH- 86  
DH- 8 7  
DH- 88 
DH- 8 9  

Table 2 -25 . HFE Measurements ( cont) 

Measur ement and Location 

Mode 3 (High C onductivity) (cont) 

Differential temp. probe 1 - bridge 1 
Ambient temp. probe 1 - bridge 1 
Differential temp. probe 1 - bridge 1 

. Ambient temp. probe 1 - br idge 1 

Differential temp. probe 1 - bridge  2 
Ambient temp. probe 1 - bridge  2 
Differ ential temp. probe 1 - bridge  2 
Ambient temp. probe 1 - bridge 2 

Differential temp. probe 2 - bridg e 1 
Ambient temp. probe 2 - bridge 1 
Diffe rential temp. probe 2 - bridg� 1 
Ambient temp. probe 2 - bridge 1 

Diffe rential temp. probe 2 - bridge 2 
Ambient temp. probe 2 - bridge 2 
Diffe rentia l temp. probe 2 - bridge 2 
Ambient temp. probe 2 - bridge 2 

Differential temp. p robe 2- bridge 1 
Ambient temp. probe 2 - bridge 1 
Differential temp. probe 2 - bridge 1 
Ambient temp. probe 2 - bridge 1 

Differential temp. probe 2 - brid g e  2 
Ambient temp. probd 2 - bridge 2 
Differential temp. probe 2- bridge 2 
Ambient temp. probe 2 - bridge 2 

Heater 
Status 

OFF 
OFF 
H l l  ON 
H .. ON 1 i . 
OFF 
OFF 
H l 3  ON 
H l 3  ON 

O FF 
OFF 
H2 2  ON 
H2 2  ON 

OFF 
OFF 
H24 ON 
H2 4  O N  

O F F  
OFF 
H2 1  ON 
H2 1  ON 

OFF 
OFF 
H2 3  ON 
H2 3  ON 
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Table 2 - 25 . HFE Measurements ( c ont ) 

Each of the HFE mea surements ( exc ept the rmocouple s) cons i s t s  of four voltage sampl e s  a s  follow s :  

H igh Sensitiv ity 
and T f r e  

+ Excitation Volt s 

+ Bridge Output Volt s 

- Excitation Volts  

- ·  Bridge  Output Vol t s  

Low 
Sens itivity 

+ Current* 

+ Br idge Output Volt s 

- Current* 

- Bridge Output Volts 

*Volta g e  acro s s  a current mea s uring r e s i s tor .  

Ambient 

+ Excitation Volts 

+ C urr ent* 

- Excitation Volts 

- Current* 

Note 2 Each pa i r  of Mode 3 measurement s is s el ected by execution of heate r  advanc e command 1 0 .  
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Figure 2 -6 7 .  HFE Timing and Control Function, Block Diagram 
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the rmocouple s ensor  g r ouping and r efe rence bridge,  and the remote bridge s en
s or s  ( ring s ensor s ) .  The gradient bridge s and ring br idge s rece ive exc i -
tation in acc ordance with the mode and s e quence s e le cted b y  c ommand, 
and are  ene r gized by the pul s e  power supply. Selection is controlled 
by the s ens or exc itation switching c ircuit. The s ens or s  and the rmo-
c ouple s are  s ampled to  obtain analog tempe rature measurem ent infor-
mation which is  supplied to  the data handling function. 

Five typ e s  of mea surement s  are performed in the three  ba s ic mode s  of operation 
a s  follow s : 

a .  High s ens itivity bridge measurement of probe  temperature diffe rence 
(gradient ) .  The s e  measurements are performed in a ± z o e  range with a probable 
e rror  of 0. 0 0 3  ° C .  The g radient s ensors  are  used for the s e  mea surements in 
mod e s  l and 2 .  The r ing sens o r s  are  used in mode 3 operation. 

b. Low s ens it ivity bridge mea surement of probe tempe rature differenc e  
(g radient ) .  The s e  measurement s are performed in a ±  20 o c  range with a pr obable 
e rror  of 0. 0 3 ° C .  The gradient s enso r s  are  u s ed for th e s e  mea surement s  in modes  
l and 2 operation. 

c .  Total bridge r e s i stanc e measurement of probe ambient temperature .  The s e  
mea surement s a r e  pe rformed in a 2 0 0  t o  2 5 0 o K  range with a probable er ror of 
0 .  l o c .  The g radient bridge s are  measured in modes  1 and 2 .  The ring bridge s 
a r e  mea sured :i.n mode 3 ope ration. 

d. Bridge measurement of the thermocouple refe renc e junction temperature .  
The s e  mea sur ement s  a r e  performed in a 0 ° t o  6 0 ° C range with a probable er ror 
of 0.  l ° C.  The s e  me asurement s  are performed in modes  l and 2 operation. 

e .  Thermoc ouple measurement s of probe cable ambient temperature . The s e  
mea sur ements are pe rformed in a 9 0  t o  3 5 0 o K  range with a probable error of 
0 .  3 ° C ,  The s e  mea surement s  are pe rformed only in mode s l and 2 ope ration. 

2 - 1 2  2. The normal gradient mode is u s ed to monitor the heat flow in and out of 
the luna�r surfac e c ru s t . Heat from s o lar radiation flow s  into the Moon dur ing the 
lunar day and out of the Moon dur ing lunar night. This  larger  heat gradient in the 
near sub surfac e of the Moon will  be monitored and mea sured in order to differ 
entiate it from the mor e steady but sma ller  heat flow outward from the interior of 
the Moon. 

The ' tempe rature  gradient s and average -abso lute tempe rature s are  measured with 
the gradient s ensor s and with the thermocouple s spac ed a long the two cab le s con
necting the probe s to the electronic s package .  

In each deployed probe ,  the temperature  difference between the end s of each of 
the two s ec tions i s  me asured by the gradient bridge c onsi sting of the g radient 
s ensors  po s itioned at the ends  of the probe s ection. Gradient temperatures  are 
measured i.n both the high s ens itivity and low s ensitivity rang e s .  

2 - 1 3 7 
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Average-absolute temperature measurements  are made by all gradient bridges  
and by  any one of the thermocouple s spaced a t  four points along each probe cable. 
In each probe cable, the thermocouple s are placed at the top gradient s ensor and 
at dis tanc e increments of 6 5, 1 1 5 , and 1 6 5  em above the top gradient s ensor.  The 
reference junction for the thermocouple s is mounted on the HFE electronic s pack
age thermal plate . Gradient bridge s  and thermocouple locations are identified by 
a numbe r  system. Gradient bridges  are identified by probe number (I or 2) ,  and 
probe s ection ( 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 2 3 .  Thermal c onductivity of the lunar material  i s  measured with the princ ipal 
of creating a known quantity of heat at a known location by exc iting one of the e ight 
probe heater s ,  and mea suring the re sultant probe temperature change for a period 
of time. Because  it is not known whether the surrounding material  will have a low 
conductivity ( loos ely cons olidated material) or a high c onductivity ( s olid rock), 
the capability to measure over  a wide range using two mode s of operation are in
c orporated into the HFE de s ign. 

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 
se lected heater is located. The temperature which the heater must reach to dis
s ipate the power input is  a mea sure of  thermal conductivity of the surrounding 
material. The low conductivity measurements are performed in the s equenc e 
(Table 2 - 25 ) se lected by Earth c ommand (Table 2 - 24 ) .  The probe heater se lected 
by Earth command rec eive s low power excitation, and dis sipate s two milliwatts of 
power.  

In high conductivity operation, the thermal conductivity of the lunar mate rial is  
determined by mea suring the temperature rise at the ring bridge nearest  the 
se lected heater .  The temperature rise  pe r unit of time at the known distance is a 
measure of thermal conductivity of the surrounding material. The high conduc 
tivity (mode 3 )  mea surement s  are tempe rature gradient in the high s ens itivity 
range, and probe ave rage -absolute temperature (Table 2 - 25 ) on a s ingle remote 
bridge .  The bridge us ed in performing a mea surement is determined by the 
heater selected by Earth Command 1 0 .  The heater rec eives  high power excitation, 
and dis s ipate s 500 milliwatts of power .  Because  of  the highet' power consumption, 
thi s  mode, if se lected, will operate only during lunar day. 

Ring bridge locations are identified in the same manner as the gradient bridges .  
Heater locations are  identified by probe number ( 1  or  2 ) ,  and by  pos ition on  the 
probe ( 1 , 2, 3 ,  or 4, with 1 at the top and 4 at the bottom of the probe ) .  

2 - 1 24.  HFE Conductivity Heater Function. The conductivity heater function block 
diagram is shown in Figure 2 -6 9  and consists of a constant current supply, heater 
select switching circuit, and eight heate r s  ar ranged on the top and bottom of 
uppe r and lower s ections of probe 1 and 2. The conductivity heaters  are used to 
apply a known amount of heat energy to the lunar soil. 

2 - 1 3 8  
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HEATER I SELECT 
SWITC H I NG I C I RCU IT 

AH-7  LOW CONDUCT I V I T Y  STAT U S  

TOP HEATER 
PROBE ONE 
UPPER SECTION 

BOTTOM HEATER 
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F igure 2 -11 9 .  H F E  C onduc tivity Heater Function, Block Diagram 

The c on s tant curr ent supply p r ovid e s  the drive curr e nt for the heate r s  while the 
heater  s e le c t  switching c ir cuit gat e s  the d r ive c u r r ent to the s e le c ted heate r .  
G r ound c ommand s 1 thr ough 3 a r e  r ec e iv e d  from the command proc e s s o r  b y  the 
c on s tant cu r r ent supply.  C ommand 1 inhibits the ope r ation of the c on s tant curr ent 
supply . C ommand s 2 and 3 turn the c ons tant cu r r ent supply on and s e le c t  the low 
or high c onstant c u r r ent, r e spectively. The heat e r  s e le c t  signal (c ommand l 0 )  
a dvanc e s  the h e at e r  s e le c t  switching c ir cuit s e qu entially to s e lect  the heate r to be 
a ctivated.  

Ana log h ou s eke e ping data and digital heat e r  statu s  data 1 s  supplie d  to the data 
handling func tion for ins e rtion in the data output. 

2 - 1 2 5 .  H F E  Data Handling Func tion, The data handling func tion b lock diagram i s  
shown in F igure 2 - 7 0  and c on s i sts o f  the multiplexe r ,  data amplifi e r ,  analog - t o 
digita l c onve rt e r ,  a n d  output shift r e g i s t e r .  Data hand ling inc lude s the c ompiling 
a nd digitiz ing of analog tempe ratu r e  m e a s u r e me nt s c ienc e data for sub s equ ent in
s e rtion into the data sub s y stem telemetr y format. 

The multiplexe r c ompile s analog temperatu r e  data r e c e iv e d  from the t e mpe ratu r e  
mea su r e ment function a n d  di stribut e s  thi s  data t o  the d ata amplifie r i n  ac c o rdan c e  
w ith d ata gate s r e c e iv e d  f r o m  timing a n d  c ontr ol. 

2 - 1 3 9  
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The data amplifie r  c onditions the bridge and the rmoc ouple volta g e s  to the dynamic 
range r e qu i r e d  by the analog -to - dig ital - c onve rte r .  A suc c e s s ive appr oximation 
technique i s  e mploye d  to digitiz e  the data for storage in the output shift r eg i s te r .  
Mode,  s e quenc e ,  sub s e qu e nc e ,  and heate r s tatu s  data i s  a l s o  s t o r e d  in the output 
shift r e gi s t e r  in a lloted p o s itions a s shown in F i gur e 2 - 7 0 .  The data d e ma nd from 
the Al.SEP data sub s y s t e m  then allow s the s c ientific data along w ith an identific a 
tion c od e  t o  b e  shifted out t o  th e c e ntral s tation f o r  ins e r ti on in the A LS E P  tele 
metry frame and downlink transmis s ion to Ea rth. 

2 - 1 2 6 .  HFE Pow e r  and Electronic s The rmal C ontr o l  Function. The HF E pow e r  
and electronic s th e r mal c ontr ol func tion block diagram i s  shown i n  F i gu r e  2 -7 1 .  
and c on s i s ts of the DC pow e r  conv e r te r ,  electr onic s t e mpe rat!u r e  c ontr ol c ir cuit ,  
e lectronic s package he ate r ,  a n d  the power gating c ontr ol c ircuit.  

The D C  pow e r  c onve rter  r e c e iv e s  the primary 29 VDC pow e r  and develops the r e 
quir e d  ope r ating pow e r  leve l s  for distr ibution to all H F E  e le c t r onic c ir cuitry 
thr ough the pow e r  gating c ontro l  c ircuit loc ated e le c trically on the s e c ondary side  
of .the D C  pow e r  c onve rte r .  The pow e r  gating c ontr ol  c ir cuit d o e s  the actual  d i s 
tr ibution o f  pow e r  and ope r at e s  in c onjunc tion with a the r mo s tatic switch. When 
the HFE packag e  te mp e r atur e  r each e s  3 0 ° C , the the rm o s tatic switch s ig na l s  the 
p ow e r  gating c ontrol  c ircuit and pow e r  d i s t r ibution is limited dur ing periods b e 
tw e en mea su r ement s . 

2 - 1 40 
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Figu r e  2 - 7 1 .  H F E  Powe.r and Ele c tr onic s The r mal C ontrol  Func tion, 
B loc k Diagram 

Ac tive the rmal c ontr ol of the H F E  e l e c tr onic s package is provided by the e lec 
tr onic s tempe ratu r e  c ontr o l  c ir cuit and the elec tronic s package heate r .  Th e 
heater  i s  mounted on the the rmal plate and aid s in maintaining the tempe ratu re of 
the HFE e l e c t r onic s within its ope rationa l tempe ratu r e  rang e of 0 o to 6 0  o C _ The 
ac tive c omponent in the e le c tr onic tempe ratu r e  c ont rol  c i rcuit is a the r mo static 
switch which i s  s e n s itive to the effec tive operating te mpe r atu r e  rang e of the HFE 
e l e c tr onic s pac kage . 

In addition, th e heate r i s  c onne cted to a standby heater pow e r  line in ord e r  to 
pr ovide the rmal c ontrol  dur ing periods whe n oper ationa l pow e r  to th e HFE is 
turned off. At the s e  tim e s  the heat e r  d i s s ipat e s  a maximum of 4. 5 watts for the r 
mal c ontr o l. 

z - 1 2 7 .  H F E/Data Sub system Int e r fa c e  - In addition to th e ten Earth c o mmand s 
li s t e d  in Table 2 -2 4 ,  the H FE r e c eiv e s  the follow ing fou r timing and c ont rol sig 
na ls  from the A LS E P  d ata sub s y stem : 

a .  9 0 - frame mark which i s  the time ba s e  fo·r the HFE ope ration. It is r e c e iv e d  
by the mea su r e me nt s e quenc e programm e r  and r elea s e s  c ommands from th e  c om 
mand r e c e ive r .  

2 - 1 4 1  
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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 mea sur ement sequence programmer and the 
sub s equenc e programmer .  

c .  Data demand which i s  a d e  level maintained for one word time on the demand 
line during the r eadout of the HFE output shift register,  which rec eive s 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 06 0  B PS bit rate of the data subsy stem. 

2 - 1 2 8 .  The HFE has been allocated one 1 O -bit word pe r A LSEP telemetry frame 
for temperature data transmis sion. The HFE transmits data during the fir st 1 6  
frame s of each ALSEP 9 0 -frame c yc le .  Eight frames  are  required t o  transmit 
one data point measurement .  The word format is shown in Figure 2 -7 2 .  R 1 and 
R2 identify the state of the sub s equenc e programmer .  P1 , P2, P3 , and P4 
identify the state of the mea sur ement sequenc e  programme r .  M1 , M2, and M3 
identify the state of the mode registe r .  H J ,  Hz, Hy and H4 identify the s tate of 
the heater sequence programmer .  Frame s 1 through 8 starting with the 90 frame 
mark contain one mea surement. Frame s 9 through 16 contain the next sequential  
mea surement . Frame s 17  thr ough 90 c ontain words  that are al l  zeros . 

SEQUENCE STATUS 
��--�---------- 3 

S U B SEQUENCE STATUS 

Figure 2 -7 2 .  

HFE DATA, + EXC I TAT ION VOLTS ITYP ICALI 
4 --------�--------�� 

HFE DATA, - B R I DGE OUTPUT ITYP ICALI 

HFE Measurement Digital Data Format 

2 - 1 29 .  Seven analog data line s are allocated to the HFE. They are us ed to moni
tor the HFE power  supply and probe heate r current supply a s  listed in Table 2 - 26 .  

2 - 1 4 2  
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Table 2 -26 . .  HFE Analog Hou s ekeeping Datums 

Symbol Name Frame Range 

AH - 1 Supply Voltage #1 3 0  0 to + 5  volts  
AH - 2  Supply Voltage #2 4 5  0 to - 5  volts  
AH - 3  Supply Voltage #3 56 0 to +1 5 volts 
AH -4 Supply Voltage #4 74 0 to - 1 5  volts 
AH - 5  (not used)  8 6  
AH - 6  Hi gh C on d u c tivity H e at e r  57 ON/OFF 
AH-7 Low C onduc tivi t y  Heat e r  7 5  ON/OFF 

2 - 143 /2 - 1 44 
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SE C TION III 

MAINTENANC E  

3 - 1 . MAINTENANCE CONCE PT 

The ALS E P  s ystem e quipment for which maintenance planning i s  defined is as 
follows :  

a .  The ALSEP Flight Article - Consists  of A LSE P lunar s ur face equipment ; 
experiment subsystems , the data subsystem, e le ctrical power subsystem, and 
s tructure /the rmal subs ystem. 

b.  Gr ound Support Equipment - Consist s  of all equipment r e quired to support 
the maintenance events  of the flight article after NASA acceptance of ALSE P, 
through A LSE P installation in LM. 

c .  ALS E P  Support Manuals  - Consists  of s even manuals a s  de s cr ibed in para .  
3 - 13 .  

A LSEP flight har dwar e ente r s  a maintenance s ituation when it ha s been accepted 
by NASA thr ough DD- 2 5 0  s ign- off. Mainte nanc e planning is  provided for the per iod 
fr om acceptanc e thr ough installation in LM. A LSE P har dware categorie s for 
maintenance pur po s e s  ar e define d in Table 3 - l .  

Table 3 - 1 . A LSE P Har dwar e Categorie s 

·--------------�-------------------------------------------, 
Nomenclatur e 

System 

Subs y stem 

Component 

Part 

De finition 

A complete , s e lf- c ontained, ope rating device (ALSE P) . 

Major identifiable support device having a unique , de 
fine d function (PSE, ASE, HFE ) .  In the ALSE P, each 
expe r iment is  de signated a subsystem. 

An identifiable re placeable a s s embly within a subsystem 
(r eceiver ,  mortar ) .  Als o defined as a c ombination of 
part s ,  suba s s emblie s ,  or a s semblie s ,  usually s elf
contained ,  which performs a distinctive function in the 
operation of the overall equipment (black box ) .  

Lowe st  level of  equipment, singular item (re s istor, 
s crew) .  Als o  defined as one piece ,  or  two or mor e  
pie c e s  joined together which a r e  not normally subject 
to dis a s s embly without de struction. 

3 - 1  
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Two basic levels of maintenance ,  system (level A )  and specialize d  (leve l  B) ,  have 
been e stabli s hed to provide a total maintenanc e  c apability for support of the 
A LSEP s ystem. The maintenance flow for the ALSE P flight s ystem is illustrated 
in Figur e 3 - 1 .  

Level A maintenance c onsists of tho s e  a ctions r e quired to a s certain flight
readine s s  o f  the A LSE P flight s ystem. It is  limited to inspe ction, functional te st, 
c or r ective maintenance ,  and removal and installation of subsystems and com
ponent s .  

Level B maintenance c onsists o f  factory r e pair and c alibration. It will include de
taile d r e pair ,  component/part r emoval and .replacement, adjustment, calibration, 
and te sting . 

3 - 2 MAINTENANCE LEV E L  A (SYSTEM) .  

Level A maintenance is performe d at Bendix Aer o s pace  Systems Divis ion ( BxA) 
and at Ken:r;1edy Space Center (KS C )  a s  illustrated in the maintenance flow diagram, 
Figur e 3 - 2 .  

The ALSE P subpackage s and equipment, in addition t o  the flight article spar e s  
li sted in Table 3 - 2  will be maintained in bonded storage until calle d for by KS C.  
The . s pare grenade launch a s sembly, because  it contains live ordnance ,  i s  stored  
at  the KSC or dnance fac ility. Those  s par e s  de signated Government Furni shed  
Equipment (GFE ) in  Table 3 - 2  are stored at  the facilitie s at which they wer e  manu
facture d  or at Government facilitie s .  The r emaining s par e s  ar e stored in BxA. 

3 -3 Level A Maintenance at BxA. Leve l A maintenance at BxA consists of tho s e  
actions requir e d  t o  maintain the ALSE P flight system, and r eady it for delivery to 
KS C.  It include s storage, inspection, testing, r e placement of subsystems or c om
ponents ,  and s hipment in the sequence illustrated in Figure 3 - 2 .  

Subsystems or c omponents which have exceeded their calibr ation perio ds,  or  
which wer e  found defective in inspection or te st, ar e r eplaced with a flight article 
spar e .  Spare subsystems or c omponents  are subje cted to pre - integration a c 
c e ptance te sts prior t o  integration into the s ystem. Replaced subsystems o r  com
ponents ar e s hipped to their r e spective level B maintenance fac ility. 

The functional capability of the flight system is te sted by the s ystem te st set in an 
integrated s ystem te st. The flight s ystem c an be deliver e d  to KSC upon s ati s 
factory c ompletion o f  this te st. 

This maintenance facility r e ceive s r epair ed and/or calibr ated c omponents and 
subsystems from maintenance level B .  Subpackage· s  found defe ctive at  KSC are 
r e c e ive d at  BxA for malfunction isolation and c or r e ctive action. 

3 - 2  
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TAB LE 3 - 2 . ALSE P Flight Article Spar e s  

Nome nclature Quantity 
Part 
Number 

Pas sive seismic experiment s ensor /shroud 1 23 3 8460 - 5  
PSE Central e lectronic s 1 23 34670 
PSE leveling stool 0 23 447 23 
Active s eismic experiment ele ctronic s 1 233446 8 
Grenade launch a s s embly 1 2 3 3 85 0 7- 2  
Mortar box as sembly 1 2 3 3 4499-4 
Thumper and geophone as sembly 1 2 3 3 47 7 2-4 
Magnetometer exper iment 1 2 3 3 0657 
Heat flow expe riment 1 2 3 4543 0- 1 0 2  
Radioi s otope the r mo e le ctr ic gener ator 0 4 7 E3 0 0 7 79 
Fue l  cask  0 47 £3 0 1 1 3 4  
Fue l c a p s ule 0 4 7 D3 0 0 400 
Unive r s al handling tool 1 23 3 8 1 0 2  
Dome r e moval tool 0 2 3 3 80 0 2  
He lic al ante nna 0 2 3 3 0 3 0 7  
Antenna cable as sembly 0 l 3 3 4 5 2 2  
Ant e nna aiming me c hani s m  0 2 3 3 9 1 75 
Diple xe r switch 0 23 3 0 5 26 
Diple xer filt e r  0 2 3 3 0 5 25 
C ommand r e c e ive r 1 23 45 1 47 
Command d e c od e r  1 2 3 3 0 5 09 
Analog to digital c onve rte r -multiple xe r 1 23 3 8900 
Data pr o c e s s or l 2 3 3 0 5 2 1 
Transmitter A &  B 2 23 4 5 2 5 0  
Pow e r  d i s t r ibution unit 1 2 3 3 0450-2 
T ime r 1 2 3 3 85 1 1  
Powe r conditioning unit 0 23 3 0 0 0 0-3 

Spe cular r e flector 3 2 3 3 0 264 C 

Curtain hinge s pring !. 23 3 56 2 8  
Curtain hinge s pr ing 2 23 3 56 29 

Curtain hinge s p r ing 2 2 3 3 56 3 0  

RF cable a s s e mbly 1 23 456 3 2 
RF cable as sembly 1 23 3 06 7 1 - 2 

RF cable as sembly 1 2 3 3 06 7 1 -3 

RF cable as sembly 2 2344607 
Diplexer switch cable as sembly 2 23446 9 8 - 1 
Diplexer switch cable as sembly 2 2 3 44698-2 

Ammeter shorting plug l 233 80 1 7  
Sens or strap 2 233 8039  
Scr ew 5 23 3 8047 
Fuel ca s k  mounting as s embly 0 23 3 8770 

Note 

KSC 

G F E  
G F E  
G F E  
G F E  
G F E 
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Table 3 - 2 . ALSE P Flight Article Spare s  (cont ) 

Nomenclature 

Lever and wir e a s s embly 
Lever and wire a s sembly 
Body relea s e  mechanism 
Body r eleas e  mechanism 
Shear pin stop bracket (left hand) 
Shear pin stop bracket (right hand ) 
Tab lock 
Spec ial was her ,  r e lease  mechanism 
Shear pin 
Tension stud 
Square s hear pin cutter 
Belleville was he r  
Shear wire 
Shear wire 
Sets crew 
Screw 4-40 x . 2 5  inch 
Lanyard a s sembly 
Switch, barometric 
R TG cable spring clip 
Thermistor , platinum 
Outboar d support  pin 
Outboar d quick r elease  pin 
Guide fa stener 
Guide fastener 
Guide fastener 
Guide fastene r  
Guide fastene r  
Guide fa stene r  
Guide fa stener cap 
Guide fa stener cap 
Washer , s pe c ial 
Dust cover 
Quick r e lease  pin 
Quick release  pin 
Strain gage 
Screw 
Scr ew, s ocket  hd 
Screw, s ocket hd 
Screw, Hex hd 
Screw pan hd 

3 - 1 0  

Quantity 

2 
2 
2 
2 
2 
2 
4 
4 
2 
2 
1 4  
1 6  
2 5  
2 6  
4 
1 5  
1 
1 
4 
2 
3 
2 
3 1  
4 
2 
2 
6 
2 
1 5 0  
23 
20 
2 
3 
3 
2 
5 
5 
5 
5 
5 

Part 
Number 

233 86 8 1 - 1  
233 86 8 1 - 2  
233 86 87 - 1 
233 86 87 - 2  
23 3 8 6 8 5  
23 3 8 6 86 
233 86 89 
2338693 
233 8668 
233  8692  
23 3 867 1 -3 
B05 0 0 - 0 25 
233 8043 
233 8 0 54 
23 3 86 6 5  
MS3 5 275 - 2 13 
233 8 1 2 8  
2 203 1 14 
233 5 5 16  
5 00 1 - 3 2  
233 5 1 26 
23345 2 5 - 3  
233 593 1 - 1 
233 5 93 1 - 2  
23 3 5 93 1 -4 
233 5 93 1 - 6  
233 593 1 - 7 C  
23 344998 
233 467 5 - 1 D  
233 4675 -3 D 
234 1 477 
2344999 
5 1706 - 2  
5 1706 -4 
WK0 5 - 1 2 5 BS 1 2C 
MS5 1 95 7  - 3 0  
MS 1699 5 - 1 0 
MS1699 5 - l3 
MS20033 - 1  
NAS 1 2 16 -3  C - 8  

Note 



Nomenclature 

Quick relea s e  pin 
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Table 3 - 2 .  ALSEP Flight Article Spare s  (cont) 

Quantity 
Part 
Number 

1 2 3 3 5 5 77 - 1 
Dust cover connector 1 23345 2 8 - 6  
Dust Cover  1 23 3 94 1 8 
Bolt,  special 6 2 3 3 5 0 6 7  
Bolt, s pe cial 1 2  233 804 1 
Boyd bolt 8 CA2773 - 2- l 
Boyd bolt 23  CA2773 -4- l 
Boyd bolt 1 6  CA2773 - 6 - 1 
Boyd bolt 1 5  CA2773 - 8- 1  
Boyd bolt 8 CA2773 - 1 0 - 1 
Boyd bolt 26  CA2773 - 14 - 1 
Boyd bolt 1 1  CA2773 - 2 0 - 1 
Boyd bolt 6 CA2773 - 24 - 1 
Boyd bolt spring 6 5  CS 1 0 14 
Boyd bolt nut 6 0  SPIO  1 5  B 
Accordion rivet 1 00 PC47 290  
Accordion rivet 1 00 PC47 289  
Boom attachment 0 23 3 5 5 0 0 - 3  
Screw, s elf lock 5 NAS 1 1 89C02P  
Nut 5 MS 1 9 068- 003 
Nut, se lf lock 1 0  MS2 1 043 - 3  
Nut, s elf lock 23 MS2 1 043-4 
Nut, se lf lock 1 0  MS2 1 043 - 0 6  
Nut, self lock 5 MAS 1 29 1 C02M 
Nut plate 7 CA 2774D 
Was her ,  flat 5 MS 1 5795 - 7 07 
Wa sher  5 MS 1 5 7 9 5 - 80 2  
Was her ,  flat 5 MS 1 5795 - 803 
Wa sher ,  flat 1 0  MS209 9 5 - 80 8  
Rivet, blind 5 MS20604AD3 - 2  
Lug , terminal 5 MS3 543 6 - 6  
Lug, terminal 5 MS3 5446 - 2  
Wire ,  lock 1 5  ft . MS20 9 9 5 - N-20 
Wir e ,  lock 1 5  ft . MS20995  - N-3 2 

Note 

3 - 1 1 



A LSEP-MT-06  

3 -4 .  Level A Maintenance at KS C.  Level A maintenance at KS C consists of tho s e  
actions required to receive the flight s ystem from BxA, and install it i n  the LM. 
It include s  receiving - inspection, fit che cks,  and functional checks in the s equence 
illustrated in Figur e 3 - 2 .  Any discrepancy requir e s  a Material Review Board 
dispos ition. If an article cannot be used as is ,  it is replaced with a flight article 
spare which is  reque sted from Level A BxA . 

3 - 5 .  MAINTENANCE LE V E L  B (SPE CIALIZE D )  

Maintenance leve l B cons ists of  factor y repair and ove r haul of  ALSEP flight 
equipment. It will consist  of  detailed repair , overhaul, and component/part r e 
moval and replacement a s  well a s  require d  adjustment s  and calibration nec e s s ary 
to achieve the high level of ALSE P performance .  

3 -6 .  GROUND SUPPORT EQUIPMENT (GSE ) 

ALSE P GSE include s te st sets ,  excite r s ,  s imulator s ,  handling equipment, and 
s elected standard tools and test  equipment .  Corrective maintenance for the STS 
includ e s  se lf-te st diagnostic programs (in conjunctio n  with the "A LSE P System 
Te st Equipment Maintenance Manual " )  to fault- i so late to the black box, panel, 
compone nt, part, or to a functional circuit group of logic car ds in the pro gram
mer /proce s s or . 

Maintenance beyond the level A capability will be accomplished at s pe cialized  r e 
pair (level B maintenance ) levels , or by vendor servic e s .  ALSE P pe culiar de 
liverable GSE will be dire cted to Bendix (or Bendix subcontractor ) ,  for repair as  
required .  

3 - 7 .  GSE E LE C TRICAL 

Electrical GSE used in level A maintenance for testing of the ALSE P s ystem is 
listed in Table 3 - 3 .  The s ystem te st s et i s  the pr ime ALSE P maintenance tool and 
all other equipment liste d in Table 3 -3 is considered peripheral te st equipme nt 
that complements  the s ystem te st s et. Figure s 3 -3 through 3 - 1 5 illustrate the s e  
e qui pme nt s .  

3 - 8 .  GSE ME CHANICAL 

Mechanical GSE used in handling, te st, installation, and maintenance of the ALSE P 
s ystem i s  listed in Table s 3 - 4  through 3 - 7, and illustrated in Figure s  3 - 16 through 
3 - 2 2 .  

3 - 9 .  TOOLS AND TEST EQUIPMENT 

Standar d tools and test  equipment, facilitie s ,  and supplie s require d  for mainte 
nance are liste d in Table 3 - 8 . 

3 - 1 2  
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Table 3 - 3 .  Ele ctr i c al Gr ound Support Equipment 

Part C F E  or 
Nomenclatur e Number G F E  

A LSE P s ystem te s t  s e t  2 3 3 1 7 0 0  C FE 
Magnetometer  flux tank a s s e mbly WDL- 2 9 - 1 73 2 9 9  G FE 

( Philco ) 
Gamma c o ntr o l  c o n s o le WDL- 9 9 - 1 7 3 3 0 1  G F E  

( Phi lc o )  
Inte gr at e d  powe r unit te s t  s et 4 7 E3 0 0 46 7 G 1  G FE 

( G E - MS D )  
Envir onme nt a l  te st chambe r PD45 2 9 7 1 (3 M )  G F E  
IPU br e akout box B S X  7 4 8 2  C FE 

R TG s imulator B S X  6 9 9 7  C FE 

G r e nade launch a s s e mbly te st s e t  23 3 1 6 5 7  C FE 
A ctive s e i s mic s e ns or s imulator 2 3 3 1 6 0 1 C F E  
Pa s s ive s e i s mi c  s en s o r  e xc it e r  C B E 2 2 5 0  C F E  

( Te le dyne ) 
Heat flow s e n s o r  s imulator 233 23 7 5  C FE 

Ele ctr i c  fue l  c ap sule s imulator 47 D3 00 26 l G F E  
( G E - MS D )  

Ante nna c a p  fixtur e 2 3 3 3  83 0 C F E  

Thumpe r - - A IRME adapt e r  2 3 4 5 4  77 C F E  

3 - 1 3  
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Figure 3 - 3 .  A LSE P System T e s t  Set 

3 - 14 
Figur e 3 -4 .  Magnetometer Flux Tanks ( Configur ation B )  



Figure 3 - 5 . Gamma C ontr ol 
C ons ole 
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Figure 3 - 6 . Integrated Power Unit 
T e st Set 
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Figur e 3 - 7 .  Environmental Te st Chamber 
) 

Figure 3 - 8 .  I PU Breakout Box 



RTG Simulator Figure  3 - 9 .  
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Figure 3 - 1 0 .  Grenade Launch 
A s s e mbly Te st  Set 
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Figur e 3 - 13 .  Heat Flow Sensor Simulator 

Figure 3 - 1 4 .  Electric Fue l  Capsule Simulator 3 - 1 9  
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Figure 3 - 1 5 .  Antenna Cap Fixtur e 

Table 3 - 4 .  Me chanical Ground Support Equipment 

Nomenclature Function Part Number 

Holding Fixtur e Attache s to base  of subpackage No . 1 2 3 3  53 1 1  
Subpackage No . 1 for handling operations .  Mounts to 

handling cart for subpackage movement. 

Holding Fixture ,  Attache s t o  base  o f  subpackage No. 2 2 3 3 5 3 3  8 
Subpackage No . 2 for handling operations . Mounts to 

handling cart for subpackage movement .  

Handling Device,  Attache s to bas e  of subpackage No . 1 2 3 3 53 1 2  
Subpackage No . 1 for subpackage transfer  to various 

te st fixture s .  

Handling Device ,  Attache s to bas e  of  subpackage No. 2 2 3 353 1 3  
Subpackage No . 2 for subpackage transfer  to various 

te st fixture s .  

3 - 20 
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Table 3 -4 .  Me chanical Gr ound Support Equipment (cont )  

Nomenclature Function Part Number  

Handling Cart Pr ovide s mounting tie - down for A LSE P 2 3 3 2899  
subpackage s  dur ing handling and trans -
portation during maintenanc e .  

Hoisting Device Attache s to A LSEP holding fixture  or 233 53 1 0  
handling device for subpackage hoisting 
operations .  

Boyd Bolt 
Installation Tool 

Attache s to Boyd bolt for insertion into 23 3  83 43 
A LSEP structure .  

Boyd Bolt U s ed to tighten Boyd bolt to requir ed 
Tor que Tool (Long) tension. 

Boyd Bolt Used to tighten Boyd bolt to required 
Torque Tool (short )  tension. 

Boyd Bolt Spindle 
For c e  Mea sur ing 
Tool 

Boyd Bolt Spindle 
Po sition Measur ing 
Tool (long & short )  

Boyd Bolt 
Rele a s e  Tool 

G LA Te st Fixtur e 

Cask A s s embly 
Prote ctive Cover 

Central Station 
Handling Cart 

Center of  Gravity 
Fixture 

Used  to measur e force required  to de 
pr e s s  Boyd bolt spindle . 

U s ed to measure po sition of spindle 
r e lative to Boyd bolt body. 

Used to release  Boyd bolt .  

GLA alignme nt sensor che ckout . 

Pr ote cts fue l cask a s s e mbly on LM in 
S LA until fue l  capsule loading . 

Pr ovide s mounting tie - down for centr al 
station dur ing handling and tr ansportation 

Pr ovide s mounting tie - down dur ing sub
package No. 1 or No. 2 center  of gravity 
te sting . 

Pr e s sur e Regulator Lower s  pre s sur e of  gas fr om gas  c ylin

A s sembly de r s  to pur ge or pr e s surize containe r s .  

2 3 3 8 2 1 2  

23 3 83 1 5  

233  83 1 3  

23 3 .86 5 1 - 1  
23 3 86 5 1 - 2  

2 3 3 59 1 0  

2 3 3 1 4 5 5  

23-+ 56 1 2  

23 3 3 4-3 1 

233  53  09  

2 3 3 8476 

3 - 21 
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HOISTING DEVICE 

· HANDLING CART 

Figure 3 - 1 6 .  Subpackage Handling GSE 
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TORQUE 
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Figur e 3 - 17 .  Boyd Bolt Tools 

Figure 3 - 1 8 .  G LA Te st Fixture 
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J 

Figure 3 - 1 9 .  Cask As s embly Protective Cover 

Table 3 - 5 .  SLA Installation Ground Support Equipment 

Nomenclatur e 

Lifting Fr arne 
As s embly 

Tr ansit Container 
A s sembly 

Sling 
A s s embly 

Safety Hook 
As sembly 

3 - 24 

Function 

Attaches to bas e of subpackage No . l or 
No. 2 for S LA installation handling ope ra
tions .  Mounts in transit container for 
transportation operations .  

Provide s  environmental protection for 
subpackage No. 1 or No . 2 dur ing S LA 
installation transportation operations . 

Attache s to lifting frame a s sembly for 
S LA installation hoisting operations . 

Provides attachme nt of  s ling a s s embly 
to hoisting device in S LA. 

Part Number  

2345480 

2340 5 8 5  

2345600 
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Figure 3 - 20.  SLA Installation GSE 
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Table 3 - 6 .  Fuel  Cas k/Structure As s embly Handling Equipment 

Nomenclature 

Cas k/Structure 
Handling Device 

Fuel Cas k/Band 
As sembly Handling 
Device 

Trunnion Alignment/ 
Band Calibration 
Fixture 

Dome Handling Tool 

Strain Gage Readout 
Device 

Fuel Ca sk 
Handling Cart 

Dome Removal Tool 

Band Tensioning Tool 

Dome /Tool 
Receptacle 

CG Determination 
Fixture 

3 - 26 

Function Part Number 

Fuel cask structure as sembly handling dur - 233  53 1 9  
ing fuel cask fit checks and LM fit che cks .  

Fuel  cask/band a s s e mbly handling during 233 53 1 8  
fit checks t o  fuel cask structur e as sembly 
and installation on LM. 

Fixture for cask/band as s embly trunnion 
alignment and band tensioning procedure s .  

233 53 1 6  

Fuel  c a s k  dome removal and handling dur - 2 3 3 5 9 0 8  
ing fuel  capsule insertion/removal opera-
tions . 

Pr ovide s tensioning readout during cask 233 2 3 2 0  
band tensioning pr oc edur e s .  

Pr ovides  trans portation accommodations 233 53 1 5  
for fue l  cas k  movement.  

Remove dome fr om fue l  cask  during buildup 233 53 1 7  

U s e d  to  tighten or  loo s e n  cask  bands .  233 8044 

Pr ovide s s torage for fuel cask dome with 233 7950  
dome handling tool attache d. 

Holding, C G, and fit check fixture for fue l  233 53 14 
cask and structur e a s sembly. 



Table 3 - 7 .  Fue 1 Capsule Handling Equipment 

Nomenclatur e 

Capsule SLA 
handling tool 

Capsule transfer 
cask  

Capsule port 
entry trough 

Capsule inspe ction 
tool 

Function 

Used  at the launch are a  for insertion 
and removal of the fuel  capsule a s s embly. 

Used  to transport fuel  capsule a s s embly 
fr om a van on the launch pad to the SLA 
platform area  of the Apollo s pacecraft.  

U s ed to tr ans fer the fuel capsule a s s em
bly, with the S LA handling tool attached 
through a ten-inch acce s s  port in the 
s pacecraft structure at the level of LM/ 
fuel cask  attachment. 

Used to verify proper engagement of fuel 
capsule a s s embly in the LM fuel cask. 

Part Numbe r 

(GFE)  

(GFE )  

(GFE)  

(GFE)  

3 - 27 
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HANDLING DEV ICE 
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Figur e 3 - 2 1 .  Fuel Ca sk/Structur e A s sembly Handling Equipment 
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Figur e 3 - 22 .  Fuel Capsule Handling Equipme nt 
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Table 3 - 8 .  Standard Tools ,  Test  Equipment, Facilitie s ,  and Supplie s 

Part Number Nomenclatur e Function 
1---------+-----------------+----------------·· 

Tektronix 546 
Tektr onix CA 
HP 805  C 
HP 4 1 5 B 
HP 2 1 1  A 
HP 6 16 B 
HP 85 1 - 8 5 5 1 
Empire 
A T3 0 - 1 0  
BPD-SP2000 
(or equivalent ) 
HP 4 1 0  B 
Simpson 
206 - 5 M  
HP 7 2 1 A 
HP 405  

(GFE ) 

(GFE ) 

(GFE )  

O s cillos c ope ( 2 )  
Vertical plug- in unit (2 ) 
Slotted line ( 1 )  
VSWR meter ( 1 )  
Square wave generator ( 1 )  
Signal generator ( 1 )  
Spectrum analyzer  ( 1 )  
Attenuator pad ( 2 )  

Stor ed pr ogr am s imulator ( 1 )  

VTVM (2 ) 
VOM (2 ) 

Power Supply ( 1 )  
Digital Voltmeter ( 1 )  
Set mis cellaneous cable s 
Apollo Initiator Re sistance 
Measuring Equipment 
(AIRME ) 
ALINCO s quib te ster 
Vacuum enclosure 
Vacuum pump 
Spectrometer type leak 
dete ctor 
Ga seous  nitrogen supply 
Ga seous argon supply 

Thumper a s sembly and G LA 
cir cuit checks . 

CPLE E ordnance cir cuit che cks 
R TG leak te st. 
R TG leak te st. 
R TG leak te s t. 

Pre s surize ALSEP container s .  
Repre s surizing RTG container .  

�-----------�--------------------------------�-------------------------------

3 - 1 0 TRANSPORTATION E QUIPMENT 

Transportation equipment consists of  ALSEP container s  that pr ovide protection 
for the flight article subsystems and components  during delivery to KS C and move 
ment between facilitie s at KS C during maintenance  activitie s .  Transportation 
equipment for the ground support equipment consists of commer cial packages  that 
provide pr ote ction for the GSE components  during s hipment to KS C.  

The shipping container s  used  for transportation of the ALSE P flight article and 
a s s o ciated  GSE inc lude two type s ,  ALSE P container s  and commercial package s .  
The following paragraphs briefly de s cr ibe each type of container .  

3 - 3 0  
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3 - 1 1 .  ALSE P Container s .  Spe cial containe r s  ar e provided for each ALSE P sub
package a s sembly, and separately shippe d subsystem component. Figure 3 - 23 
illustrates  typical ALSE P container s .  

The ALSEP c ontainer s  are c onstructed for an outer metal housing spe cifically 
shpaed to enclo s e  the as s ociate d a s s embly which i s  mounted on a shock isolation 
plate . The containers ar e instrumented to provide a real-time history of shock 
on three  axe s ,  and temperature for at least seven days . A humidity indicator,  
vis ible from outside the container ,  pr ovide s an indication of the humidity within 
the container .  The container for subpackage No . l incorporate s a GFE flux r e 
corder for che cking magnetic field expo sur e during shipment. 

3 - 1 2 .  Commercial Package s .  Commer cial packaging i s  primar ily used for ship
ment of GSE .  The package s c onsist of components wrapped or packaged in a car 
ton, box, bag, or  s imilar container that conforms to commer cial shipping prac
tice .  Commercial packaging methods  are  as  follows : 

a .  Component mounted on a pallet, wrapped in plastic, and metal-banded to 
pallet. 

b .  Component mounte d in a plywood box on mating har dpoints and box packed 
with dunnag e .  

c .  Component wrapped in plastic , placed in a plywood box, and packed with 
dunnage . 

d .  Component sealed in plastic , wrapped in ce llulo se or air cap, and placed in 
c orrugated paper box. 

e .  Component packed in foam, molded to fit c ompone nt contour ,  and packed in 
wood, metal, or pla stic box. 

3 - 13 .  ALSE P SUPPORT MANUALS 

There  ar e seven ALSE P support manuals used  as  an integrated documentation sys 
tem to support the ALSE P hardware  system. The s e  manuals ar e li sted in Table 
3 - 9 .  

Table 3 - 9 .  ALSE P Support  Manuals 

Title 

A LSE P Gene ral Familiarization Manual 
ALSE P Flight System Familiarization Manual 
ALSEP Flight System Maintenance Manual 
ALSE P System Test Equipment Maintenance Manual 
ALSE P Transportation and Handling Manual 
Gr enade Launch As s embly Te st Set Instructions Manual 
Apollo 1 6  ALSE P, Ar r ay D Flight System Familiar ization 

Manual 

Document Number  

ALSE P- MA - 24 
ALSEP- MT-03  
ALSE P- LS- 04 
ALSE P- LS- 0 6  
ALSE P- LS- 0 3  
ALSEP- LS- 0 7  
ALSEP- MT-06  

3 - 3 1 
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SEC TION IV 

OPERA TIONS 

4 - 1 .  OPERATIONS, GENERA L 

Thi s s ection pre s ents  a de scr iption of the ope rational A LSEP flight hardware  ope r 
ations . The descr iption encompa s s e s  events occur ring betwe en equipment receipt 
at Kennedy Space  Cente r  (KS C )  and the programmed shutdown of A LSEP lunar 
operation .  Table 4 - 1  contains a location index of  A LSEP operations . 

Table 4 - 1 .  A LS EP Ope rations Locations 

KSC Lunar Surface 

A LSEP in spe ction In -flight configuration 

Post - landing operations 

Fit checks Car ry mode 

Ordnance ve rification 

MSFN compatibility Deployment :  
tests  (a )  Support subsystems 

(b )  Expe r iment subsystems 
G LA installation 

A LS EP installation 

4 - 2 .  KSC PRELAUNCH C HECKOUT AND INSTALLA TION ' 

Post deployment 

MSFN ope ration 

MCC operation 

PI activitie s 

.... 

Activity at KS C include s  inspection, fit checks ,  ordnance verification, a s s embly, 
test, and A LS EP installation. Figure  3 - 2 ,  She et 2 shows the s equence  of events  
ne c e s s ary to rec eive ,  check out, and install A LS EP equipment in  the LM. Note 
that Cla s s  A ordnance and radioactive items a re re ceived and checked in a lo ca 
tion s eparate from the rest  of the A LS EP equipment. KSC A LS EP facil itie s con -
s ist  of : 

a . Bunker facility - u s ed for checkout of the GLA 
b .  Ordnance laboratory building, M7 - 14 1 7 - U s ed in conjunction with the bunke r 

facility to test the GLA,  thumper ,  and ordnance 
c .  A LSEP launch preparation s ite (A LPS ) - U s ed for receipt, inspe ction a s s em 

bly, and bonded stores  operation s .  
d .  A E C  fuel  capsule storage .  

4 - 1  
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4 -3 .  KS C INSPEC TION AND CHECKOUT 

A LS EP a ctivitie s  are center ed in the A LPS (Hangar S,  Cape Kennedy Air Force 
Station) .  All ALS EP subsystems except the GLA and thumpe r  are  rece ived and 
tested he r e .  

Ordnance items are  stored i n  the ordnance  t e st storage facility (LC - 3 9 )  wher e  
ordnance cir cuit tests ,  lot ver ification and installation a r e  accomplished. Ord 
nance items include the following : 

a .  Squib devices  - used to  uncage the PSE after experiment deployment .  
b .  Thumper  initiator s - used in thumpe r  firing ope ration s .  
c .  Four rocket grenade s  - used in the a ctive s eismic exper iment. (Clas s A 

ordnance)  

4 -4 .  KS C Inspection . Ordnance items , a s  noted  in paragraph 4 - 3 ,  will be r e 
c eived, inspected, and stored at the KS C ordnance te st storage facility. The r e 
maining A LSEP equipment will b e  received, inspected, and stored  at the A LPS . 

The A LSEP equipment li sted in Table 4 - 2  will be inspected upon rece ipt for po s 
s ible shipping damage that may have occurred in tran sit . Temperature ,  humidity, 
magnetic flux and sho ck recorder records  will be monitored for maximum ex 
cur sions , then ins e rted into the test and inspection record ( TAIR) book. An out 
of-tolerance record will be  documented on a dis crepancy r eport (DR) for further 
actj on . 

4 - 5 .  KSC Equipment Calibration. Equipment calibration conducted at KS C i s  
listed i n  Table 4 -3 with an explanation o f  the ta s k to be performed.  All calibra
tion data will be enter ed in the GSE calibration log .  

4 -6 .  KS C Equipment Checkout. Table 4 -4 lists the A LS EP equipment and A LSEP 
GSE r equiring checkout.  Appropriate checks fo r each item ar e r e fe r enced .  

4 -7 .  KS C Fit Checks . Fit checks of  A LSEP hardware,  tools, package s ,  and the 
LM ar e required  to ve rify tolerance s and effective ope ration and installation. 
Table 4 - 5  lists the fit checks r equired .  

4 - 8 .  KS C A LS EP INS TALLATION 

4 -9 . KS C Ordnance Installation. After  completion of GLA tests  at the ordnance 
labo ratory, the GLA is installed in the mortar box to make up the mortar package 
a s s embly which i s  mounted on subpackage No . 1 .  

4 - 2  
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Table 4 - 2 .  

Item 

GLA Test  Set (GLA TS ) 

PSE Ordnance 
Thumper  Geophone Cable A s s embly 

Grenade  Launcher A s s embly (GLA )  

A LSEP Subpackage No . 1 

A LS EP Subpackage No . 2 

Flight Fuel Cask 
Fuel Cask Structur e A s s embly 
Fuel Capsule 

Fuel Capsule Handling Tools 

A LS EP /LM Installation and 
Handling Equipment 

KSC Inspe ction 

Sub -item (if applicable ) 

(Received at ordnance facility and trans 
£erred to Building M7 - l 2 1 0  for inspec 
tion ) 
Lot verification ordnance 
Thumpe r 
2 1  Apollo Standard Initiators  (ASI) 
Three geophone s and cables 
Launcher as s embly 
Four rocket grenades  
Experiment subsystems 
Data sub s ystem 
Experiment subsystems 
Radiois otope The rmoelectric Gene rator 
Handling Tools 

(The fuel capsule will not be r emoved 
from the shipping cas k  for inspection 
and will be stored in the AEC storage 
facility) 

Capsule ground handling tool 
Capsule spacecraft LM adapter (S LA)  
handling tool 

Capsule transfer  ca sk 
Capsule port  transfer trough 

Sub -package  hoist  equipment 
A LS EP/LM Ins e rtion handling fixtures  
Handling equipment suppo rt platform 

Table 4 -3 .  KSC GSE Calibration 

Item Task 

GLA T e st Set Calibrate in accordance with "GLA T e st 
Set Instructions Manual. I I  

T runni on Alignment/Band 
Calibration Fixture  Adjust  per  top a s sembly drawing . 
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4 - 1 0 .  KSC ALSEP Installation in LM. The  ALS EP subpackage s  a re installed in 
the SEQ bay of the LM in the S LA at Launch Complex 3 9 . The special GSE listed 
in Table 3 - 5  is used to facilitate this operation. 

Item 

GLA te st s et 

Thumper a s s embly 
circuit check 

GLA 

Item 

Fuel  Cap sule 

Fuel Cask 

Table 4 -4 .  KS C ALSEP Equipment C heckout 

Checks 

Check satisfactory  operation in accordance 
with "GLA T e st Set Instructions ManuaL I I  

Ve rify circuit continuity o f  Apollo standard 
initiato r s  installed  in thumpe r  using squib 
te ster at ordnance test  facility. 
Verify circuit continuity of squibs and ca -
ble using AIRME squib te ster and ordnance 
voltmeter  (Simpson 260  with batterie s r e -
moved ) .  

Table 4 - 5 . KSC Fit Checks 

Fit Checked with: 

SLA handling tool (from cask to 
entry trough and ba ck to cask) 

Fuel Transfe r tool 
Fuel  cask 
RTG 
Fuel ca sk  structure a s s embly 

port 

Fuel  Cask structure a s sy LM 
ALSEP (Subpackage s  1 and 2 )  LM 

4 - 1 1 .  KSC Fuel  Cask and Fuel Capsule Installation. The fule cask  and mounting 
structure as s embly is transported to the work platform at SLA and is mounted on 
the LM structure  after the LM has been fueled.  

The radioactive and hot ( 1 20 0  •F)  fuel  capsule is transported to the SLA work plat 
form, inserted into the fuel  cask in the upright position, and lo cked in place  using 
the SLA handling tool .  

4 -4 
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4 - 1 2 . LUNAR SUR FAC E  OPERA TIONS 

The following paragraphs des c ribe the event s  that take place from the time the LM 
lands on the lunar surface  until all A LSEP experiments  have been deployed .  In 
cluded in the dis cus s ion are : 

a .  Flight mod e  - the in -flight c onfiguration of  ALSEP equipment. 
b .  Post- landing operations - The event s  that occur between lunar landing and 

the beginning of A LS EP deployment procedure s .  
c .  Car ry mode - The activity pe rformed by the c r eWinen in r emoving the A LSEP 

e quipment from the LM and transporting it  to  the emplac ement area .  
d .  Deployment and a ctivation - The events performed by the cr eWinen in em 

placing and ·a ctivating the experiment s .  

4 - 1 3 .  FLIGHT MODE 

During flight, the ALSEP system is  ine rt except fo r the structur e/thermal sub 
s ystem function of providing thermal protection to the LM. The location of the 
fuel ca sk  a s s embly, external to the LM, provid e s  a heat re jection system for the 
fuel capsule and fo r c rew safety during deployment .  The cask support structure  
inco rporates  a thermal s hield to  reflect cask  thermal radiation away from the LM. · 
In addition, insulators  are  inco rporated in the stru cture to r educe conductive heat 
tran sfe r to the LM . 

A LS EP subsystems and experiments  ar e mounted on subpackage pallets which are  
s ecured in the LM SEQ bay. The  SEQ bay is lo cated in LM descent stage behind a 
thermal door . The subpackages  oc cupy a volume of approximately 1 5  cubic feet 
and are  locked in place  by r etaining pins . Contents of the two subpackage s a r e  
lis ted in Table 4 - 6 .  The Apollo lunar surface  drill i s  mounted els ewher e  o n  the 
LM. 

Table 4 - 6 .  Subpackage  C onfiguration 

Subpackage No .  l Subpackage No .  2 

(SEQ Compartment N o .  l )  (SEQ Compartment N o .  2 )  

Pa s sive s ei s mic  experiment Heat Flow experiment 
A ctive s ei smic experiment Radioisotope  thermoelectric generato r 
Lunar Surface  magnetometer Pas sive se i smic stool 
Data subs ystem antenna Fuel Transfer tool 

Univer sal handling tool ( 2 )  

Dome removal tool 
Antenna aiming mec hanism 
Antenna rna st/ car ry bar s e ctions ( 2 )  

Mortar pac kage  pallet 

4 - 5  
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4 - 14 .  POST -LANDING OPERATIONS 

Lunar environmental conditions impos e  constraints on A LSEP hardwa r e  and its 
d eployment by the A pollo crewmen. A LSEP deployment procedur e s  will be pe r 
formed at a time when the sun angle from the lunar horizon i s  7 t o  2 2  degre e s .  
At a sun angle o f  7 degrees  the lunar surface  tempe ratur e i s  + 80 t o  + 1 00 degrees  
F .  A LSEP d e s ign allows deployment a t  a maximum sun angle o f  45  degrees  and a 
r elative lunar surface  temperatur e  of approximately + 1 6 5  d e g r e e s  F .  

4 - 1 5 . Tools U s ed in Deployment . Table 4 -7 lists the tools used  by the crewmen 
during deployment . The universal  handling tool (UHT) i s  u s ed to r e leas e  the tie 
down fa steners ,  and to transport and emplace  the expe riment subsystems .  The 
ins e rtion end of the UHT is  a pos itive locking device that provides  a r igid inte r 
fac e  between the tool and a r e c eptacle on the experiment for t ransport and em
pla cement of the experiment. A trigger  on the tool handle must  be depr e s s ed to 
engage or relea s e  the tool from the e xperiment r e c eptacle . An A llen wrench 
fitting, extending from the ins ertion end of the tool, engage s  the hexagon s ocket 
in the head .of Boyd bolt tie -down fa stene r s  to r otate and relea s e  the bolt . 

Table 4 -7 .  Deployment Tools 

Nomenclature  Function 

Univer sal Handling Tool  (UHT)  ( 2 )  U s ed to re leas e  tie down fasteners  and 
to carry experiments 

Dome R emoval Tool (DR T )  Us ed to remove  and handle the dome 
of the fuel cask  

Fuel Transfe r Tool (FTT)  U s ed to  transfer fuel  capsule from 
cask to RTG 

Probe Emplacement Tool U s ed to emplace heat flow probe s 
Apollo Lunar Surface  Drill (ALSD)  U s ed to drill hole s  for  heat flow probe 

emplacement 

The dome r emoval tool (DR T ) i s  used  to  r emove and handle the dome of the fuel  
cas k. The tool engage s ,  is locked in place ,  and unlocks a nut on the fuel  cask 
dom e .  Rotation o f  the nut r eleas e s  the dome . 

The fuel transfe r tool (FTT) i s  u s e d  to transfer the fuel  capsule a s s embly from the 
fue l  cask to the radio sotope thermoelectric  g ene rator .  Thre e  prongs  on the end 
of  the tool engage the fuel  capsule and are  loc ked in place by rotating the knurled 
handle  of the tool .  Thi s  engag ement relea s e s  the fuel  capsule r etaining latche s to 
free the capsule from the cask.  

4 - 6  
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4 - 1 6 .  PREDEPLOYMEN T 

The p r edeployment pha s e  encompas s e s  the task of removing A LS EP equipment 
from the LM S EQ bay, a s s embling subpackages  No . 1 and No . 2 in the transporta 
tion configuration, and trave r s ing to the emplacement area .  

Table 4 - 8  pres ents the bas ic predeployment event s  in  chronological s equenc e .  Sub 
s equent paragraphs d e s cribe  each event in the ord e r  in which they appear in the 
table . 

Event No . 

1 

2 

3 
4 
5 
6 

Table 4 - 8 . Predeployment Event s 

Operation 

Walk to d e s c ent stage  stowage  compartment 
(SEQ) 
Unload A LS EP 
(a)  Gain acce s s  to stowage compartment 
(b )  R emove subpackage No .· 1 
(c )  R emove subpackage No .  2 
Fuel R TG 
Prepar e  subpackage s for barbell carry 
Locate correct trave r s e  bearing 
Walk 300 fe et at se lected bearing car rying 
package s 

4 - 1 7 .  Remove A LSEP Equipment from the LM. The crewman walks to the LM 
S EQ bay, relea s e s ,  and rai s e s  the thermal doo r .  The c rewman retrieve s  sub 
package No .  1 deployment lanyard,  walks 1 0  feet from the LM, and pulls  deploy 
ment lanyard to r elea s e  subpackage  N o .  1 and pull boom with subpackage No .  1 
out of the SEQ bay. He lower s  subpackage N o .  1 to the lunar s urface ,  releas e s  
deployment lanyard quick- releas e catch, pulls pin t o  s eparate subpac kage No .  1 
from the boom attachment a s s embly, and r e stows the boom. Subpackage No .  2 
i s  r emoved in a s imilar manne r  and is placed near subpackage No .  1 on the lunar 
surface .  

4 - 1 8 . Fuel the RTG.  The fuel  cask must be  rotated to an  attitude consistent with 
the LM tilt angle to provide  a good view and c rewman reach attitud e .  The c r ew
man, using the ca sk  lanyard, rotate s cam lever s  to s hear trunnion pins , pulls 
spline to partially fr ee  the ca s k  dome, and operate s  the r otation mechanism to 
rotate the cask to a proper unloading angle . Us ing the dome removal tool, the 
c rewman remove s  the cask dome and di s cards the cask  dome and the DRT.  

The  c r ewman r emove s  the fuel capsule from the fue l  cask by  inserting the F T T  
into the fuel  capsule head, rotating the tool handle to  achieve engagement and 
capsule r e lea s e ,  and withdrawing the tool and capsule from the cask .  The 
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c rewman then moves with the tool and attached fuel  capsule t o  the R T G  and lowe r s  
the cap sule into the generato r cavity. Once  the fuel  capsule has been placed in 
the R TG, release  is accomplis hed by revers ing the rotation of the tool handle .  
Releas ing the  tool from the fuel capsule head automatically locks the fue l  capsule 
in the R T G .  The tool provides  pos itive connection with the fuel  capsule, s epara 
tion fr om the hot element, and control of the transfer by the c rewman. The F T T  
i s  dis carded . 

4 - 1 9 . Transport A LSEP to Emplacement Area .  The crewman places  the sub 
packages  in the car rying po sition and conne cts  the antenna mas t  between the sub 
packages . The connectors  are s imple keyhole s lip -fit . The c rewman lifts the 
subpackages  to the carrying pos ition in "barbell " fashion as shown in Figure 4 - 1 ,  
and carries  them to the s elected deployment location. While carrying the sub 
package s ,  lateral balance i s  s hifted by changing the hand po sition on the carry 
bar . 

4 - 2 0 .  DEPLOYMENT 

To aid the a stronaut in  proper deployment of  the experiments ,  decal s ,  s imilar to  
tho s e  shown in Figure  4 - 2 ,  are attached to the subpackages  and expe riments . The 
deployment alignment and level indicating devic e s  of the central station and ex
periments  are illustrated in Figure  4 - 3 .  

The .following paragraphs des c ribe the events that occur from the time the crew
men ar rive at  the ALSEP emplacement area until they have deployed all ALSEP 
equipment. Deployment activitie s  are  dis cus s ed in the procedu ral sequence per 
formed by the c rewmen. Figure 4 -4 illustrates  the layout of the A LSEP equip 
ment and exp eriments  after deployment . 

4 -2 1 .  Deployment Sequence .  The Apollo 1 6  ALSEP will b e  deployed by both 
crewmen, and will be ac complished as  des cribed in the following steps . 

1 .  Remove subpackag e s  from LM SEQ bay 
2 .  Remove handling tools from subpackage # 1 
3 .  Remove fuel capsule from cask, and fuel  the RTG 
4 .  A s s emble antenna mast s e ctions for carry bar ,  and attach to subpackages  
5 .  Car ry ALS EP to the deployment s ite 
6 .  Pos ition subpackages  at deployment s ite 
7 .  Remove carry bar from sub packages  
8 .  R emove H F E  subpallet from subpackage #2  
9 .  Remove subpallet from subpackage # 2 

1 0 .  R emove MPA pallet from subpallet 
1 1. Connect R TG cable to central station 
1 2 .  Deploy PSE (See  Figure 4 - 5 . ) 
1 3 .  Connect HFE cable to central s tation 
1 4 .  A s s emble ALSD 
1 5 . Drill bore holes  for HFE probes  (See Figure  4 -6 . ) 

4 - 8  



A LSEP - MT - 0 6  

Figure 4 - l .  Barbell Carry Mode (Apollo 1 2  Photo ) 

9 F E E T  

DOM E C L E A R  
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� 

S. D P L  Y 
P T .  S .  

Figure 4 - 2 . Deployment Decals ( Typical) 
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Figure 4 - 3 .  Alignment and Leve ling Devic e s  (Sheet 1 of 6 )  
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CENTRAL STAT ION ANTENNA 
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Figure 4 - 3 . A lignment and Leveling Devices  (Sheet 2 of 6 )  
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NOMINAL F I R I NG LINE 
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Figu re 4 -4. Deployment Arrangement 
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Figure 4 - 5 . PSE Shroud Deployment and Experiment Leve ling 
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Figure 4 - 6 .  A LSD U s e i n  HFE 
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1 6 .  Deploy HFE (Se e  Figure  4 - 7 . ) 
1 7 .  Remove thumpe r/geophone as s embly from subpackage # 1  
1 8 . Remove mo rta r  package from sub pa ckage # 1 
1 9 . Remove LSM from subpackage  # 1 
2 0 .  Align and level the c entral station, and deploy sunshie ld ( S e e  Figure 4 - 8 . ) 
2 1 .  A s s emble and o rient antenna (Se e Figure  4 - 9 . ) 
2 2 .  Deploy LSM (Se e  Figure 4 - 1 0 . ) 
2 3 . A ctivate c entral station 
24 . Deploy geophone s (Se e  Figure  4 - 1 1 . ) 
2 5 . Conduct thumpe r  a ctivity (Se e  Figure  4 - 1 2 . ) 
2 6 .  Deploy mortar package (Se e Figure  4 - 1 3 .  ) .  

4 -2 2 .  Antenna Aiming.  The final step in the deployment s equenc e is to verify, 
and cor r e ct if nec e s sary, the alignment and leveling of the c entral station antenna . 
The following operations ,  perfo rmed in the s equenc e  shown,  effect antenna aiming : 

a .  Set the antenna in elevation. 
b .  S et the antenna in azimuth. 
c. Level the mechanism. 
d .  Ab gn the shadow with the marked null line . 

On completion of antenna aiming, all four settings  are  che cked and readjusted a s  
neces sary.  Any readjustment in leveling may require further adjustment of the 
s hadow null s etting .  R efer to Figure  4 - 1 4 for location of adjustments and po s i 
tion readouts . 

The ALSEP antenna is po inted to the mean po sition of Earth by means of the 
e levation, az imuth, and shadow adjustment s .  The thr e e  gimbal mechanisms pro 
vide null and angular adjustments  through worm and whee l  g ear s at a 7 2 : 1  ratio . 
C o r re ction range for each adjustment i s  a s  follows : 

a .  Sun shadow null ± 1 5  degr e e s  
b .  A zimuth angle ± 1 5  degrees  
c .  Elevation angle ± 50 degrees  

Elevation and azimuth adjustments are  made by rotating the applicable knobs . The 
elevation and azimuth angl e s  will each be mea sured by two s cales ,  a coar s e  s cale 
measuring inc rements of 5 degrees  and s et on the r e spective e levation and azimuth 
axi s ,  and a fine s cale measuring inc rements of 1 /20 of each 5 degree  r e solution 
and s et on the re spective worm drive axis .  Data for the s e  s ettings  are  derived 
from aiming tables  (Figure  4 - 1 5 ) and relayed via the voice link betwe en astronaut 
and MC C .  

F r om the s e  two fixed data the me chanism sets  the antenna at a pr edetermined 
angle in elevation and in azimuth. The azimuth and sunshadow null adjustments 
a re on a common axi s .  The r efore ,  the azimuth adjustment i s  r elative to the 
s hadow null po s ition . The e levation angle is measur ed relative to the local ve rti 
cal s et of the bubble level .  
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Figure 4 - 7 . HFE Probe Emplacement 
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Figure 4 - 8. Central Station Ere cted 
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Figure 4 - 9.  Antenna Aiming Mechani s m  Alignment 
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Figure  4 - 1 0. ME Deployment 
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Figur e 4 - 1 1 .  Ge ophone Deployment 
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Figur e 4 - 1 2 . Thumpe r Operation 
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Figure  4 - 1 3 . Mortar Pac kage Deployment 
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SHADOW 
ADJUST 

Figure 4- 1 4. Antenna Aiming Mechanism 

The antenna is  leveled to ± 0 .  5 degrees by adjusting the two knobs located on the 
lower side of the aiming me chanism. S ensitivity of the leveling adjustments i s  
1 degree  per  r evolution o f  the knob .  The adjustment mechanism will correct up to 
± 6  degrees  from the hor izontal plane.  As  the knob s ar e rotated obs erve the bub 
ble level to determine when leveling i s  a ccomplished . 

Upon satisfying the leveling r equirements ,  the shadow knob i s  rotated (which r o 
tat e s  the mechanis m  i n  azimuth) until a specified (null )  s etting i s  po s it ioned dir 
e ctly und er  the shadow from the antenna mounted sun compas s .  With this accom
pli shed, the antenna is  pointed toward  the mean po s ition of Earth within ± 0 .  7 de 
grees ,  and p rovides  a r efer ence direction betwe en LM and a subsolar point from 
which fine antenna aiming i s  made .  

To check all adjustment s  after  the mec hanism ha s been s et ,  the bubble level i s  
pos itioned 3 - 1 /2 inche s out from the c ente r  of the me chanism and the elevation 
c oar s e  and fine s cales  are  s et at each end of their r e spective axi s . 
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Longitude 2 2° 1 2 '  

Uppe r Gimbal Sun Compas s  
Latitude +E ast - We st N . E .  Quad S. E .  Quad s . w .  Quad 

0°0 '  2 2 . 0 

0°4 '  2 2 . 0  

0°8 '  2.2 . 0  

0° 1 2 '  2 2 . 0 

4°48 ' 2 2 . 5 

4°5 2 '  2 2 . 5 

4°5 6 '  2 2 . 5 

5°0 '  2 2 .  5 

0 . 0 0 . 0 

0 . 3 - 0 . 4 

0 . 6 - 0 . 8 

0 . 9 - 0 . 2 

1 6 . 4 - 1 . 82 

1 6 . 7 - 1 8 .  6 

1 7 . 0 - 1 9 . 0 

1 7 . 2 - 1 9 . 4 

(Main Table ) 

Latitude 4°40 '  
Sun Elevation 

(Correction Table ) 
NOTE:  Table entrie s are  not correct and are 

given for illustration only. 

- 1 .  5 
- 1 .  1 
- 0 . 8 
- 0 . 4 
- 0 .  1 
+0 . 3 
+0 . 7 
+ 1 . 0 
+ 1 .  2 
+ 1 . 6 

0 . 0  

0 .  1 

0 . 2 

0 . 3 

6 . 6 

6 . 7 

6 . 9 

7 . 0 

Figure  4 - 1 5 . Antenna Aiming Table (Sample )  
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4 - 2 3. POST -DEPLOYMEN T OPERATIONS 

Communication between MCC and ALSEP is e stabli shed with the activation of the 
central s tation during deployment ope rations .  For 45 days ALSEP ope ration is 
monitor ed continuou sly. Command s which initiate specific actions  requir ed fo r 
normal operation a r e  s ent to A LSEP during thi s period.  Command s are  also 
s ent to change or  r eque st statu s of A LSEP sub sy stems or experiments.  

After the initial 45 -day period, MC C monito r s  and control s A LSEP at least two 
hou r s  out of each 24 -hour day and 48 to 6 0  hour s during lunar sunr i se and suns

-
e t. 

For  the active s eismic experiment, high data r ate i s  u s ed either 1 5  minut e s  once  
a week or  30 minute s every two weeks .  

A LSEP tran smi s sion (downlink ) i s  r ec eived by  r emote s ite s on Earth and r elayed 
to MCC via ti e line cabl e s .  Command s initiated by MC C a r e  routed thr ough 
another tie line cable to the remote site and ar e tran smitted to A LSEP. Thi s 
communication sy stem i s  r eferr ed to a s  the manned space  flight network (MSFN ) .  

Becau s e  of the Earth ' s rotation, i t  i s  n ec e s sary  to s chedule r emote sites  around 
the Earth. The following MSFN r emote s ites  are  typical of tho se  which may be 
scheduled for A LSEP operation s :  

a .  Goldstone, California ( 8 5 - foot antenna ) 
b .  Carnarvon, Australia ( 3 0 - foot antenna ) 
c .  A s c ension Island ( 3 0 - foot antenna ) 
d .  Hawaii ( 3 0 - foot antenna ) 
e .  Guam ( 3 0 - foot antenna ) 
f .  Madrid, Spain (85 -foot antenna ) 
g . Canberr a, Australia (85 -foot antenna ) .  

The station s s elected will provide tran smitte r s/r ec eive r s  in latitude about the 
equator r anging fr om approximately 34 degr e e s  north to 37 degrees  south. 

The 30 -foot dish antenna s can be u s ed for normal operation s,  but the 8 5  -foot dish 
antenna s will be used when A LSEP is  in the active seismic mode .  A LSEP will be  
in the active sei smic mode  approximately on e hour during deplo yment when the 
a stronaut activate s the thumpe r, and another  hour at the time that the gr enade s  
a r e  launched ( thi s i s  in addition to intermittent monitoring  period s ) . 

The initial ope ration of each ALSEP system has been monito red in real time at the 
MC C for 45 days following deployment. At present the r e  are  three  ALSEP systems 
ope rating at diffe rent lunar locations .  A s ingle MSF N  s ite can rec eive , s e g regate , 
and record this many ALSEP downlink data streams s imultane ous ly. The s e  tape 
recordings are  mailed to MSC r outinely for cataloging. Transmis s ion line c on
straints limit the real-time transfe r to MCC of this rec e ived data to any two of  the 
thr e e  ALSEP downlinks .  The data proc e s s ing and display facilities i n  MC C a r e  
c apable o f  presenting all the data from two ALSEPs i n  near - r eal time t o  the system 
c ontr ol p e r s onnel. 
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4 -24 .  MANNED SPACE F LIGHT NETWORK (MSFN ) 

Typical MSFN and MCC A LSEP operation s a r e  d e s c ribed in the following para 
graphs .  Because  spe cific r e spon sibiliti e s  have not been d efined, the d e scr iption 
i s  typical only. 

4 -25 .  Downlink Tran smi s sion.  Figure 4 - 1 6  provide s  a block diagram illustrat -
ing the A LSEP function s of MSFN. Telemetry data ( engineering status and s cientific 
data ) are  tran smitted by A LSEP and r eceived by the r emote s ite 30 - or 8 5 - foot 
di sh antennas .  The signal i s  routed from the antenna to the r eceiver rf d etection 
stage.  The signal (T  /M bit str eam ) from the d etecto r stage i s  tape recorded a s  
a backup in the event the 1 4 - channe l tape recorder or receiver a r e  inoperative . Thi s 
tape i s  r eused .  The rf signal output from the d etector stage i s  den10dulated and 
r outed to the site computer and to a 1 4 -channel tape r ecorde r .  All A LSEP data 
are  r ecorded on thi s tape r ecorder for the full year regardle s s  of whether MCC 
is  monitoring or not. The audio frequency bit str eam i s  recorded on one channel 
of the 1 4 -channel tape r ecorder .  Another channel is u s ed to automatically r e cord 
the time -of ,-day ( Gr eenwich mean time ) .  A third channel is used to in s e rt voi ce 
annotation s a s  r equired.  Thi s include s  information pertinent to the r ecorded data 
(de sc ription of station abnormaliti e s ,  time or signal gap s not caused by A LSEP) .  

The 1 4 -channel tape r ecorder is  operated at 3 - 3/4 ip s .  When the r ecorder r e el 
i s  expended, the tape i s  r emoved and shipped to NASA -Hou ston wher e  it i s  con 
verted to machine language fo r sub sequent d etailed analyse s .  When requir ed,  
another tape recorder is connected into the same line and is started prior to shut 
ting off the fir st r ecorder .  Thi s provid e s  an overlap of the bit str eam _ rather  than 
a lo s s  of data. 

The modulated signal input to the site computer  i s  en coded to format, supplied 
with a header  ( show s routing and add r e s s ), and proce s s ed through the tie line 
cable .  The computer proc e s s  of  converting the data to format and in serting the 
header r e sults in a slight delay ; ther efor e, the data proc e s s ed over the tie line 
cable is not quite in real time . The tie line cable ha s a capacity of 240 0  bp s .  
The tie line cable car rying the telemetry data may terminate at a switching station 
( London or Hawaii )  whe r e  the transmi s sion i s  switched to another tie line cable 
and routed to the Goddard Space  Flight C enter (GSFC ) .  At GSF C the switching 
proc edur e i s  r epeated and the telemety data are  routed to MC C .  At MCC the 
telemetry data are  decoded and proce s s ed by computer for di splay. 
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Principal inve stigato r s  (PI )  ob serve the di splay and make pr elimina ry evaluation s .  
The  PI may advi s e  the A LSEP controller conce rning problems with hi s experiment. 
A fter evaluating data, in near r eal time, the PI may sugge st change s  to the com 
mand proc edure  i n  order  to gain additional data. 

4 -2 6 .  Uplink Transmi s sion. Command s a r e  generated by the con s ole controlle r 
at the A LSEP con sole command keyboard.  The g ene rated signal is  routed in tele 
typ e code to the appli cable r emote site .  At the r emote site, the command trans 
mi s sion i s  fed into a c omputer  for formatting . The output of the computer serve s 
the modulate the r emote site  tran smitter and the command i s  transmitted to A LSEP. 

4 - 27 .  MCC Operation. The A LSEP console controller initiate s commands to 
A LSEP using the command keyboard.  Telemetry 

·
data r e c eived from ALSEP a r e  

displayed on the console.  A s  data a r e  r ec eived, the controller evaluate s the 
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status of A LSEP and generate s co r r ective command s a s  r equired .  For  example, 
A LSEP may stop tran smitting modulation on the car rier in which ca se  the con sole 
controller would probably i s sue a command for A LSEP to switch data pro ce s so r s .  

The A LSEP console controller al so  in serts  command s requi r ed for the normal 
operation of A LSEP. The se  include :  mode selection, experiment switching, 
GLA activation, and dust cover  deployment ( r efer to Appendix for a complete 
li st of the normal command s ) . 

A s  A LSEP tran smits engineering and scientific data back to Earth, the controller 
must evaluate the status of ALSEP through interpr etation of the data display. 
Depending on detail r equir ement s and specific m echanization, the di splay s may 
include  TV {charactron)  formats,  page printer s,  meter s, X - Y plotter s,  analog 
s trip charts,  and event lights .  The computer handling the s e  di splays can in sert  
s en sor  calibration data, compar e  them again st pre set limit values ,  and perform 
other analysi s function s .  
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A /D 

A LSD 

A LS EP 

A MU 

A S E  

ASI  
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C C GE 

C CIG 
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C PLEE 
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E PS 

F CA 

F ET 
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G LOSSA R Y  

Definition 

A nalog to Digital 

Apollo Lunar Surface  Drill 

Apollo Lunar Surface  Expe riment s Package  

Atomic Mas s  Unit 

A ctive S ei smic Exper iment 

Apollo Standard  Initiator 

Bendix A erospace Systems Division 

Cold Cathode Gaug e Experiment 

Cold Cathode Ion Gauge 

Contractor Furni shed Equipment 

Command Module 

Curved Plate Analyz er  

Charged Particle Lunar Envir onment Experiment 

Central Station 

Dome R emoval Tool 

Data Sub system 

Dust, The rmal, and Radiation Engineer ing Mea sur ements 
Packag e 

Early Apollo Scientific Experiment Package  

Electr onics  /Gimbal- Flip Unit 

Extravehicular Mobility Unit 

Electrical Power Sub sy stem 

Fuel Cap sule A s s embly 

Field Effect Trans istor 

Fuel Transfer Tool 

Gove rnment Furni sh ed ·Equipment 

Gigahertz 

Gr enade Launch A s s embly 

Gr ound Support Equipment 

Heat Flow Exp eriment 
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Hz 

IPU 

IST 

KHz 

KSC 

LM 

LP 

LSM 

LRR R  

LTA 

M C C - H  

MSC 

MSFN 

MSOB 

NASA 

NR Z 

PAM 

PCM 

P CU 

PDU 

PI 

PSE 

PSEP 

R F  

R FI 

RT G 

SBASI 

SEQ 

SIDE 

SIDE/C CIG 
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GLOSSAR Y  ( C ont . ) 

Definition 

Hertz ; Cycle s  per Sec ond 

Integrated Power Unit 

Integrated Systems T est  

Kilohertz 

Kennedy Space Center 

Lunar Module 

Long Period 

Lunar Surface Magnetometer Experiment 

Las er Ranging Retr o - R eflector 

Launch Tube A s s embly 

Mi s sion Contr ol Center - Houston 

Manned Spacecraft Center 

Manned Space  Flight Network 

Manned Spacecraft Operations Building 

National Aeronautic s and Space A dmini stration 

Non- R eturn-to - Zero  

Pulse  Amplitude Modulation 

Pulse  Code Modulati on 

Power Conditioning Unit 

Power Distribution Unit 

Principle Investigator 

Pa s sive Sei smic Experiment 

Pa s sive Seismic Exper iment Package 

Radio Frequency 

Radio Frequency Interferenc e  

Radioi s otope Thermoelectric Generator 

Single Bridgewi r e  Apollo Standard  Initiator 

Scientific Equipment Bay in LM 

Suprathermal Ion Detector Expe riment 

Suprathermal Ion Detector Experiment with Cold Cathode 
Ion Gaug e 
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SM 

SP 

s ws 
UHT 

VAB 
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G LOSSA R Y  ( Cont . ) 

Service  Module  

Short Period 

Definition 

Solar Wind Spectr ometer Experiment 

Univer sal Handling Tool 

Vehicle A s s embly Building 
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INTRODUCTION 

This  document tabulate s  the command s u s ed in the  Apollo 1 6  A LSEP flight system 
(A rray D) .  Table 1 list s the commands by symbol, nomenclatur e,  number ,  and 
termination point .  Table 2 provide s  a summary of command allocation . Table 3 
c r o s s - r efer enc e s  command number s and command function. 

A - 1  
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Symbol 

CD- 3 1  
CD- 32 
CD- 33  
CD- 34 
CD- 3 5  
CD - 1  
C D - 2  
CD- 3 
CD-4  
CD- 5 
CD- 6 
CD- 7 
CD - 8  
CD- 9 
CD - 1 0 
CD- 1 1  
CD- 1 2  
CD- 1 3  
CD- 1 4  
CD- 1 5  
CD- 1 6  
CD- 1 7  

TAB LE 1 

Command Nomenc lature 

ASE High Bit Rate ON
3 

ASE High Bit Raje f>FF
1 

Normal Bit Rate ' 
Slow Bit Rate 

4 
Normal Bit Rate Rese t  2 
T ransmitter  "A" Se lect 
T ransmitter  ON 2 
T ransmitter  OFF 
T ransmitter " B" Se lect 
PDR #I  ON 
PDR #1 OFF 2 

PDR #2 ON 
PDR #2 OFF

2 

DSS HTR 3 ON
2 

DSS HTR 3 OFF 2 
Data Proc e s s o r  "X " Select 
Data Pro c es s o r  " Y " Select 

6 
Experiment 1 Operationa l Poz:l1{ ON 
Expe riment 1 Standby Power ' 
Expe riment I Standby OFF 
Expe riment 2 Ope rationa l Po;re r  ON 
Experiment 2 Standby Powe r 

Octal De cimal 
Command Command 

0 0 3  3 
0 0 ')  5 
0 0 6  6 
0 0 7  7 
0 1 1  9 
0 1 2  1 0 
0 1 3  1 1 
0 1 4  1 2  
0 1 5  1 3 
0 1 7  1 5 
0 2 1  1 7  
022  1 8  
0 2 3  1 9  
0 24  2 0  
0 2 5  2 1  
0 34 2 8  
0 3 5  2 9  
0 36 3 0  
0 3 7 3 1  
0 4 1  3 3  
0 42 34 
043 35  

�Pre set  turn- on operating mode .  

3 Lunar surface  initial conditions programmed in  during final system checkout. 

4Changes  bit rate at end of ALSEP frame during which command 1 5  is exe cuted ,  

5
Change s bit rate upon command exe cution. 

6 
Expe riment 1 i s  e ffective ly OFF in this mode. 
Experiments are numbe red as  follow s :  1 PSE , 2 ASE,  3 LSM , and 4 H FE. 

T e rmination 
Point 

Data P roce s sor  
I I  I I  

I I  I I  

I I  I I  

I I  " 
Powe r Dist. Unit 

" I I  " 
I I  I I  " 

· I I  " " > 
1 1  1 1  I I  t" 
I I  I I  I I  

(/l M 
I I  I I  I I  1j 

I 
" I I  I I  � 
I I  I I  I I  t-:1 

I 
" I I  I I  0 

0' 
" I I  " 
" " " 
I I  I I  I I  

" I I  I I  

1 1  I I  " 

I I  " 1 1  

I I  " I I  
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Symbo l 

C D - 1 8  
CD- 1 9  
C D - 2 0  
C D - 2 1  
CD - 2 2  
CD - 2 3  
C D - 2 4  
CD- 2 5  
CD- 2 6  
C D - 2 7  
C D - 3 6  
CD- 3 7  
C U - I  
CU - 2  
CL- 1 

C L - 2  

C L- 3  
C L - 4  

TAB L E  1 ( CONT . ) 

Command Nome nc lature 

Expe riment 2 Standby O F F  
Expe riment � Operationa l Pol' e r  ON 

3 Standby Powe r Expe riment 
Expe riment 3 Standby O F F  
Expe riment 4 Ope r ational Pazve r ON 
Expe riment 4 Standby Powe r 
Expe riment 4 Standby OFF 
DSS HTR 1 Select  ( l Ow )  
D S S  H T R  2 Se l e czt �5w) 
DSS HTR 2 OFF ' 

I T ime r Output A c c ept 
T imer Output inhibit 
PCU # 1  Se lect  
P C U  #2 Select  
Gain Change LPX , LP Y 
( Steps through following s equence oi]_e 
s tep pe r command ) - 3 0 d B  

OdB 
- I Od B  
- 2 0dB 

Gain Change LP Z 

Octal 
Command 

0 44 
0 4 5  
0 46 
0 50 
0 52 
0 5 3  
0 54 
0 5 5  
0 5 6 
0 5 7  
0 3 2 
0 3 3  
0 60 
0 6 2  
0 6 3  

0 64 
(Steps through s ame s eqpe,pce a s  C L- 1 )  
C a lib ration S P  ON / OFF 1' 0 6 5  
C a lib ration LP ON / OF F  0 6 6  

De cimal 
Command 

3 6  
3 7  
3 8  
4 0  
4 2  
4 3  
4 4  
4 5  
46 
4 7  
2 6  
2 7  
4 8  
5 0  
5 1  

5 2  

5 3  
5 4  

�P r e s e t  tur n - on ope r ating mode.  
3 Lunar s urfa c e  initial conditions programmed in during final system che ck out. 

T e rmination 
Point 

Powe r Dist.  Unit 
I I  I I I I  

I I  I I  I I  

I I  I I  " 

I I  I I  I I  

I I  I I I I  

I I  I I  I I  

I I  I I  I I  

" I I I I  

I I  I I  I I  

Command D e code r 
I I  I I  

Power C ond. Unit 
I I  I I  I I  

Pa s s ive Sei smic Exp .  

I I  I I  I I  

I I  I I I I  

I I  I I  I I  

C ommand CD - 2 7  must b e  p r e ceded by C D - 2 6 .  4 calib ration is  initiated automatica lly a t  1 8 -hour inte rva l s  b y  the de layed c ommand s equen c e r  unle s s  
thi s feature has been inhibited by exe c ution of C D - 3 7 .  

)> 
t"' (J) 
M 
1::1 I 
� 1-j 
I 

0 
0' 
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Symbol 

C L- 5 

CL- 6 
C L- 7  
C L - 8  
CL- 9 
C L- 1 0  
C L- 1 1  
C L- 1 2 
C L- 1 3  
C L- 1 4  
C L- 1 5  

TAB LE 1 ( CONT . )  

Command Nomenclature 

Gain Change SPZ (Steps through s ame 
s equence as C L- 1 ) 2... 
Leveling Power X Motor.2 ON/ OFE

1 

Leveling Powe r Y Motor2 ON/OFF � 
Levelin�Power Z Motor ON/OFF 
Uncage Arm/ Fir� 1 
Leveling Direcpon 

1
Plus / Minus 

Leveling Spee d  Low /High 1 3 
Thermal Control Mode Apto /Manual 
Feedback Filter IN /OUT l 
Coars e  Level �ensor 1 IN /OUT 
Leveling Mode Auto /Manual 

Octal Decimal Te rmination 
Command Command Point 

0 6 7  5 5  P a s s ive Sei smic 

070 56  I I  I I  

0 7 1  5 7  I I  I I  

072  58  I I  I I  

073  59  I I  I I  

074 60  I I  I I  

0 7 5  6 1  I I  I I  

0 7 6  62  I I  I I  

1 0 1  6 5  I I  I I  

1 02 66  I I  I I  

1 0 3 67  I I  I I  

1 P re s et turn-on operating mode .  
2 

Manual leve ling sequence is  a s  follows : Send CL- 1 5  to change from auto to manual leveling mode ,  
change direction, and speed by C L- IO  and CL- 1 1  a s  ne c e s sary,  and then exe cute leveling ope ration 
by sending appropriate leve ling motor commands ,  C L- 6, CL- 7 ,  or CL-8 .  Leveling operation i s  
te rminated by retransmis s ion of C L- 6 ,  C L- 7 , or CL- 8 . 

3
Sequence of  command is auto on 

1
/ auto off/manual on/ manual off. 

4
The uncage s equence of A rm and Fire is exe cuted automatically by the delayed command s equence r  
at 1 4 4  hour s and 1 6 2  hour s ,  re spe ctively, in the event that uncaging has  not be en previou s ly 
accomplished by ground command. 

Exp . 

I I  

I I  
I I  

I I  

I I  !l> 
I I  1:"" (/) 
I I  M 

"d I I  I 
I I  � t-j I I  I 

0 
0" 

http:Therm.al


TAB LE 1 ( C ONT . ) 

Symbol  Command Nomenclature  
Octal  
Command 

CM - 1  

CM-2  

CM- 3 

CM-4 
CM- 5 

LSM Range Select ( Steps through . 5 three  range s ,  one s tep  pe r coflmand) 
2 00  gammas ful l  s cale 

5 0  gamma s ful l  s cale 
1 0 0  gamma s ful l  s cale 

repeat 
2 Steady Fie ld Offset (Step through 

s even value s ,  one step  pe r coFmand) 
0 percent of ful l  • cale ) t 2 5  percent of ful l  s cale 
+ 50 pe rcent of ful l s cale 

· t 75  percent of full s cale ) 
- 7 5  pe rcent of full s cale I - 5 0 pe rc ent of ful l  s cale I _,/ - 2 5  percent o f  ful l s cale 
0 percent of full  s cale and repeat 

Steady Fie ld Addre s s  (;Steps  through 
following f axis to Y axis  
to  neutral ) 1 
Flip / Cal  Inhibit In / Out 

to Z axis 

Flip / Cal Initiate (Returns to Science 
mode after Flip / Cal s equence )3 

l . d Pres et turn-on operahng mo e .  

1 2 3 

1 24 

4 

1 2 5  

12 7 
1 3 1 

De cimal 
Command 

8 3  

8 4  

8 5  

8 7  
89  

T e rmination 
Point 

LSM Expe riment 

l l  I I  

I I  I I  

I I  I I  

I I  I I  

2 Field offset  s equence i s  a s  follows : Select  prope r axis with CM- 3 ,  then exe cute CM- 2 the prope r 
number  of times  to step from p r e s ent value to de sil"erl value . 

3 
Also activated every 1 8  hour s afte r hour 1 62 by delayed command s equencer .  

4
For 0° flip pos ition; reve r se polarity for  1 8 0° flip position. 

5 Expe cted rang e s  shown 

::t> 
t:-< (/) 
M 'U 
I 
� t-j I 
0 
0' 



> 
I 

0'-

Symbol 

CM - 6  
C M - 7  
C M - 8  

CH - 1  
CH - 2  

C H - 3 

CH - 4  
CH- 5 
CH - 6  
CH - 7  
CH - 8  
CH - 9  
CH - 1 0 

TABLE 1 ( C ONT . ) 

Command Nomenclature 
Octal 
Command 

1 
LSM Filte r;[ailure ( In / Out) Bypas s  1 32 
Site Survey 1 

1 3 3 
Temperature Control X / Y  / OfF R epeat 1 34 
( Changes  from X -axis sensor to Y -axi s 
s ensor to OFF) 1 
Normal (Gradient) Mode Select 1 3 5 
Low Conductivity Mode Select 1 36 
(Ring Sour c e )  
High Conductivity Mode Se le ct 1 40 
(Heat Pul s e )  1 
HF Full Sequence  Sele ct 1 4 1  
H F  Probe # 1  Sequence Select 1 42 
HF Probe #2  Sequence Select 1 43 
H F  Sub sequence # 1 1 Command 1 44 
HF Sub s equence #2 Functions a s  shown 1 45 
HF Sub s equence  #3 in Nate 1 ,  page A-8 1 46 
HF Heater Advance (Steps through l 52  
following 1 6 - s tep  s equence ,  one s tep 
per  command ) 
All heater s  off All heate r s  off 
Prob e  # l  heater #2 ON Probe  #2 heate r 
All heater s  off All heate r s  off 
Probe # 1  heater #4 ON Probe #2 heate r 
A ll heate r s  off All heate r s  off 
Probe # 1  heater # 1  ON Probe #2 heate r 
A ll heater s  off All heate r s  off 
Prob e  # 1  heate r # 3  ON Probe #2 heate r 

r epeat 

De cimal T e rmination 
Command P oint 

9 0  LSM Expe riment 
9 1  I I  I I  

9 2  I I  I I  

9 3  Heat Flow Exp eriment 
94 I I I I  I I  

96  I I  1 1  I I  

9 7  I I  I I I I  

9 8  I I  I I  1 1  
99 1 1  I I  I I  

1 0 0 1 1  I I  " 

1 0 1  1 1  I I  1 1  
1 02 1 1  I I  1 1  
1 0 6  1 1  1 1  I I  

#2  ON 

#4 ON 

# 1  ON 

#3 ON 

1
Pre set turn-on operating mod e .  

2 Fir s t  execution o f  CM- 7 performs X - axis s urvey, se cond exe cution Y - axis  survey, and third exe cution 
Z - axis  s urvey.  The a s sociated command line i s  then di sabled and cannot, b e  further  u sed 

> 
t" (/l 
M 1:J 
I 
� 1-j 
I 0 0' 



TAB LE I ( CONT . ) 

Octal Decimal T e rmination 
Symbol  Command Nomenclature  Command Command Point 

CS - 1  Geophone Calibrate 1 56 1 1 0 A c tive Sei s mi c  Ex pt. 
CS - 3  ASE Grenade Sequential Single Fire 1 62 1 1 4 I I  I I  I I  

( Fires  s ingle gr enade s in sequence 2 , 
4 , 3 , I .  Previous g renade must fi re  
be fore  next g renade will fir e .  Four 
executions required .  ) 

C S - 4  ASE Grenade # 1  Fir e  1 6 3 1 1 5  I I  I I  I I  > 
CS - 5  ASE Grenade # 2  Fi re  1 64 1 1 6 I I  I I  I I  1:"" (fJ 
CS - 6  ASE Grenade #3 Fire  1 6 5 1 1 7  I I  I I  I I  M 
CS - 7  ASE Grenade #4 Fi re  1 66 1 1 8 I I  I I  I I  1:1 

I 
C S - 8  A r m  Grenade s ! 1 70 1 20 I I  I I  I I  � 
CR - 1  T ime r Re set  1 50 1 04 Time r 1-3 I 

0 
CJ' 

Command CS- 8 is required to arm grenades  before each "Fir e " Command. 
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NOT E 1 

Heat Flow Command Structure 

Octal command s 1 44 through 1 46 are  us ed  to s ele ct sub se ts of  the full 
heat flow measurement s equenc e a s  follows : 

C ommand 1 44 se lects  a sub s et c onsi s ting of  the four high 
s ens itivity gradient measurements  only. 

Command 1 44 fo llowed by command 1 45 s e lects  a sub s et 
cons i sting of the four low sens itivity gradient me a surements 
only. 

Command 1 44 fo llowed by command 1 46 s e lects a sub s et 
cons i s ting of probe ambient tempe rature meas urement s  
only . 

Command 1 4 5 fo llowed by command 1 46 s e le cts a sub s et c on
s i sting of  the rmocouple measurements only. 
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TAB LE 2 
COMMAND SUMMARY 

T e rmination Point Number  of  Command s 

Data Proc e s s or 5 
Power Distribution Unit (Powe r Switching) 
Power Conditioning Unit 

2 7  
2 
2 
l 

Command De coder 
T imer 
Pa s s ive Sei smic 
Magnetomete r 
Heat Flow 
Active Se i s mic 

Function 

T e s t  Command 

T otal 

Octal Code 

1 5  
8 

1 0  
7 

77  

1 '  2 ,  4 ,  l 0 ,  2 0 ,  40 ,  1 0 0 ,  
7 7 , 1 3 7 , 1 5 7 , 1 6 7, 1 7 3 , 1 7 5 , 1 76 

l 3 0 '  3 0 '  l l 6 '  1 6 '  l 5 l ' 5 1  ' 2 5 '  6 5 '  6 2 '  1 44 >:: 

Number 

1 4  

1 0  ALSE P Add re s s e s  
Addre s s  Complements 
No Command 

4 7' 1 4  7' 6 1 '  1 6 1 ' 2 6 '  1 26 '  l 5 2 '  l l  2' l l  5 '  3 3 ':":' l 0 
0 ,  l 7 7  2 

Commands A s s igned to Ar ray D 
Command s Exclusively Re s e rved for Other  U sage 
Available Commands Not A s s igned in A r ray D 

Total Commands 

':'Addre s se s  fo r A rray D are  62 ,  1 44 
':":'Addre s s  comple ments for Array D are  1 1 5 , 3 3  

7 7  
3 0  
2 1  

1 28 

A -9  
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CROSS R EFER EN C E  OF COMMAND NUMBER TO C OMMAND F UNC TION 

_, "0 "0 s::: .: a; 
<1) "' � 
E 6 ':1; 

Cl] Cl] .... 
E Cl] Cl] Cl] <1) Cl] -a; a; c., 0 � '"' '"' E u 

Decimal Octal Command Array D T e st "0 "0 ...., "0 "0 0 0 0 
Command t.ommand Symbol Usage Cmds . � � u z z 

1 X 
2 2 X 
3 3 CD- 3 1  X > 4 4 X t' 

CD- 32  X Ul 5 5 M 
6 6 CD- 3 3  X '"D 
7 7 CD- 34 

I 
X � 

8 1 0  X .., I 
9 1 1  C D - 3 5  X 0 

0' 
1 0  1 2  CD - 1  X 
1 1 1 3  C D - 2  X 
1 2  1 4  CD - 3  X 
1 3 1 5  CD-4  X 
1 4  1 6  X 
1 5 1 7  CD- 5 X 
1 6  2 0  X 
1 7  2 1  C D - 6  X 
1 8  2 2  C D - 7  X 
1 9  2 3  C D - 8  X 
2 0  2 4  C D - 9  X 
2 1  2 5  C D - 1 0  ·'- (X l  (X l .,. 
2 2  2 6  X 

·'- X in parenthe s e s  indic ate s dual usage . 



TAB LE 3 

CROSS R EFER ENC E OF C OMMAND NUM B ER TO COMMAND FUN CTION 

+' '"d '0 s:: s:: C1) C1) "" s:: 
UJ s s 1:0 

UJ ..... 
Ul UJ C1) s UJ 
C1) (1) ...... 0 UJ 
'"' '"' p. u -< 

Decimal Octal Command Ar ray D T e st '0 '"d s .... '"d '"d 0 0 0 
Command C ommand Symbol  Usage Cmds . -< ..::r: u z z 

/ 
2 3  2 7  X 
24  30  X 
2 5  3 1  X 
2 6  3 2  CD- 36  X !:l> 
2 7  3 3  C D - 3 7  (X ) (X ) t"' Ul 
2 8  34 CD- 1 1  X M 

"d 29  3 5  CD- 1 2  X I 
30  3 6 CD- 1 3  X � f-3 3 1  3 7  CD - 1 4 X I 

0 3 2  40 X 0' 
3 3  4 1  C:D- 1 5  X 
34 42 CD- 1 6  X 
3 5  43 CD- 1 7  X 
3 6  44 CD- 1 8  X 
3 7  45  CD- 1 9  X 
3 8  46 CD-20  X 
39  47  X 
40 5 0  CD - 2 1  X 
4 1  5 1  X 
42 5 2  CD-22  X 
43 5 3  C D - 2 3  X 
44 54 C D - 24 X 
45  5 5  C D - 2 5  X 

!:l> 46 5 6  CD-26  X I 
...... 
...... 



!l> I 
..... N 

TAB LE 3 

CROSS R EFER ENC E OF COMMAND NUMB ER T O  COMMAND FUNC TION 

'0 '0 
+' l=l cu l=l C\1 l=l cu s bl) 

Ill Ill s ..... 
s Ill Ill Ill cu Ill cu cu ..... 0 <t! "" "" p. u 

De cimal Octal Command Array D Tes t  '0 '0 s +' '0 0 0 <t! '0 0 :z; :z; C ommand Command Symbol Us age Cmds . <t! U  

47 5 7  CD-27  X 
48 60  CU - 1  X 
49 6 1  X !l> 
5 0  6 2  C U - 2  ( X )  ( X )  t" (ll 
5 1  6 3  C L- 1  X M 

1:J 
5 2  6 4  C L - 2  X I 

5 3  6 5  C L- 3  (X ) (X )  � t-3 
54  66  CL-4 X I 

6 7  
0 

5 5  C L- 5  X C1' 

5 6  7 0  CL- 6 X 
5 7  7 1  CL-7  X 
5 8  7 2  C L - 8  X 
59  7 3  C L- 9  X 
60  74 C L- 1 0  X 
6 1  7 5  C L- 1 1  X 
62  76  C L- 1 2  X 
6 3  7 7  X 
6 4  1 0 0 X 
6 5  1 0 1  C L- 1 3  X 
6 6  1 0 2  C L- 1 4  X 
67  1 0 3  C L- 1 5  X 
68  1 04  X 



TABLE 3 

CROSS REFEREN CE OF COMMA N D  NUMBER T O  C OMMAND FUNC TION 

..... '"0 '"0 c: c: Q) Q) Rl c: 
E E bO 

en en ..... 
E en en en Q) en ...... Q) Q) 0.. 0 < lot lot E u 

Array D T e sts  
'"0 '"0 ..... Decimal Octal C ommand '"0 '"0 0 0 0 

C ommand Command Symbol  Usage Cmds . < < u z z 

69 1 05 X 
7 0  1 06 X 
7 1  1 07 X !l> 
7 2  1 1 0 X 

t"' Ul 
7 3  l ll X M 

1:l 74 1 1 2 X I 

7 5  1 1 3 X � 1-':l 
7 6  1 14 X I 0 77  1 1 5 X 0' 

7 8  1 1 6 X 
79 1 1 7 X 
80  1 20 X 
8 1  1 2 1  X 
82  1 22 X 
8 3  1 2 3 C M- 1  X 
84 1 24 C M - 2 X 
8 5  1 25 C M - 3  X 
86  1 26 X 
87 1 27 C M-4 X 
8 8  1 3 0  X 
89 1 3 1  C M - 5  X 
9 0  1 3 2  C M - 6  X 

!l> 
I 

..... 
VJ 



:> I ..... � 
TABLE 3 

CROSS R EFER ENCE OF COMMAND NUMBER TO COMMAND FUNCTION 

.... "0 "0 � � v v ell � 
rn S s 0.0 

Ul .... 
Ul rn v s Cll 

en v v ..... 0 <t: !-< !-< p. u 
Decimal Octal Command Array D T e s t  "0 "0 s .... "0 "0 0 0 0 
Command Command Symbol Usage Cmd s .  <t: <t! U  z z 

9 1  1 3 3  C M - 7  X 

9 2  1 34 C M - 8  X !l> 
9 3  1 3 5  CH- 1 X t"' 
94 1 3 6  C H - 2  X (/l 

M 
95  1 37 . X 1j 
96  140  CH-3  

I 
X � 

97 14 1 C H-4 X .., 
I 

9 8  142  C H - 5  X 0 
0' 

99  143  CH-6  X 

1 0 0  144 C H - 7  ( X )  ( X )  

1 0 1  1 45  CH-8  X 

1 0 2  146  CH-9  X 

1 0 3  147  X 

1 04 1 5 0  C R - 1 X 

1 05 1 5 1  X 
1 0 6  1 5 2  C H- 1 0  ( X ) ( X )  

1 07 1 53 X 

1 0 8  1 54 X 

1 0 9  1 5 5  X 

1 1 0 1 56 C S - 1 X 

1 1 1  1 57 X 

1 1 2 1 60 X 



!> 
I ...... \.11 ........__ !> I ...... 

0' 

D e cimal 
C ommand 

1 1 3 
1 14 
1 1 5 
1 1 6 
1 1 7 
1 1 8 
1 1 9 
1 2 0  
1 2 1  
1 2 2 
1 23 
1 24 
1 25 
1 2 6 
1 27 

0 

TAB LE 3 

CROSS R EFER EN C E  OF C OMMAND NUM BER T O  C OMMAND FUNCTION 

Ill 
Ill Ill 
1-4 

Octal Command Array D T e at 'tl 'tl 
Command Symbol Usa�e Cmd s .  < 

1 6 1  
1 62 C S - 3  X 
1 63 C S -4 X 
1 64 C S - 5  X 
1 6 5 C S - 6  X 
1 6 6 C S - 7  X 
1 67 X 
1 7 0  C S - 8  X 
1 7 1  
1 7 2  
1 7 3  X 
1 7 4  
1 7 5  X 
1 7 6  X 
1 7 7  
0 0 0  

T otal s  7 7  1 4  1 0  

.. 't1 't1 
s= s= Ill Ill � � 

111 E •P'4 
Ill Ill Ill Ill Ill .... 0 < 1-4 llo (,) :g � .... 0 0 < U  z z 

X 

X 
X 

X 

X 
X 

1 0  2 2 1  
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INTRODUCT ION 

This  docum ent tabulate s  the m ea surem ent s to be telemetered 
from the Array D ( Flight Model 5}  ALSEP system . The included tabl e s  
indicate the functions m ea sured, the d e s ignation symbol, the a s s igned 
channel, accuracy, range ,  number  of bits per sample, and sample rate 
provided via the PCM telem etry link. 

Ope rati onal data i s  defined a s  that data required to indicate the 
readine s s  of the equipment to  pe rform its intended function. In keeping 
with thi s definiti on, all of the data transmitted on analog hous eke eping 
channel s  are de signated as  ope rational . 

The A / D converte r provided in the data sub system encode s each 
analog hou sekeeping and sc ience s ignal to 8 -bit accuracy.  The encoded 
word oc cupi e s  word 33 in the AL SEP format.  Each houseke eping signal . 
i s  read out once in 9 0  fram e s  of the PCM format. The analog multiplexe r  
advanc e s  one po sition each fram e .  Digital data de rived from the expe rim ents 
are consi stent with the fram e format s ection of the ALSEP Data Sub sy stem 
shown in Figure l . Control and Command Ve rifi cation Word Formats 
are  shown in Figure 2 .  The high data rate required  by the Active Se i sm i c  
(A SE} ne c e s sitate s inhibiting othe r s ignal s  for the ope ration pe riod o f  the 
ASE, exc ept for s � lected c ritical item s which are  incorporated in the ASE 
format. 

The following table s categorize the telem etered m ea surement s :  

Table l Channel A s si gnments  for the Analog Multiplexe r  
(A LSEP Word 3 3) 

Table 2 - Analog Housekeeping Channel U sage 

Table 3 Summ a ry of Analog Channel Usage 

T able 4 Pa s s ive Se ism i c  Experim ent 

Tabl e s  5, 6 ,  7 Magnetom eter Expe r im ent 

Table 8 - Active Se ismic  Experim ent 

Tabl e s  9 - 1 5  - Heat Flow Experim ent 

B - 1 



B - 2  
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Legend 

x - Control 

I 
X 

9 
-

17 
0 
Z5 

-

33 
H 

4 1  
-

49 
0 
57 
-

z 
X 

10 
X 
18 
X 
Z6 
X 
34 
X 
4Z 
X 
50 
X 
58 
X 

3 4 
X X 

1 1  IZ 
- X 
19 zo 
0 X 
Z7 Z8 

- X 
35 36 

• X 
43 44 

- X 
5 1  5Z 
0 X 
59 60 
- X 

X - Paasive Seiamic - Short Period 

5 
0 
1 3  

-

Z l  
0 
Z9 

-

37 
• 

45 
-

53 
0 
6 1  

-

- Paasive Seismic - Long Period Seismic 

6 
X 
14 
X 
zz 
X 
30 
X 
38 
X 
46 
cv 
54 
X 
6Z 
X 

7 8 
X 

1 5  1 6  
X 

2 3  Z4 
HF X 
3 1  3Z 

X 
39 40 

X 
47 48 

X 
55 56 

63 64 
X 

• - Pasaive Seiamic - Long Period Tidal and One Tempe rature 
0 - Magnetometer 
HF - Heat Flow 

cv -

H 

C ommand V e rification ( u pon c ommand, oth e r wi s e  all z e r o s ) 

H ou s eke eping 
Not U s e d  

Number of 
Words Per 

Frame 

3 ��} 43 
7 

1 
8 

Total 64 

Each box contain• one 10 bit word 
Total bit• per frame - l O x 64 = 640 bits 

Figure 1 .  A LSEP Word A s signm ent 



ALSEP 

WORD f l  

CONTROL WORD FORMAT 

ALSEP 
WORD 1 2  

ALSEP 
WORD 1 3  

Bit 2 4 b 8 9 10 I I  12 13 14 1 5  16 17 18 19 20 2 1  22 23 24 25 26 27 28 29 30 

I I I I 0 0 0 0 0 I 0 I 0 0 0 I 0 0 I I  F l  F 2  F3 F4 F 5  F6�7· M 

t---- BARKER CODE ----+- COMPLEMENT OF BARKER CODE +- FRAME COUNTER MODE ( I ,  2 . .  . . 89 , 0 )  BIT 

ALSEP Bits / Sample s / 
Symbol Name Words . Range Sample Second 

DA- 1 Barke r Code and Complement I ,  z. and NA 22 I .  67 
bits I and 2 
of word 3 

DA-Z Fr&me Count Bits 3 to 9 1 - 90 7 I .  67 
inc l uai ve of 

word 3 

DA-3 Mode Bit Bit 10 of word 3 I .  67 

Frame Mode Bit Meaning 

Normal data rate 
2 Slow data rate 

DA-4 ALSEP ID Bit 10 of word 3 1 /54 
Frame Mode Bit 

3 � (MSBJ 4 IM.ta proce 11or 5 Serial number 

':'DA- S  Received Command Meua1e Bit• 3 to 9 I to 128 7 •• 
inclu1iv'e of 
word 4 6  

DA-6 Command MAP Bit 10 of word "011 no parity •• 46 1 1 1 1 1  parity 

'' V e r ifie s r e c e ption and d e c o d i ng of c ommands by r e t r a n s mi s s ion of c on1mand me s s a g e .  

,:,; one w o r d  s ample i s  s e nt f o r  e a c h  c ommand r e c e iv e d ,  othe r s ample s a r e· a l l  z e r o s .  Maximum 
s ampling rate is a b out once pe r s e c on d .  

Figure 2 .  Control and Command Verification Words Format 

(at normal data rate ) 

>-
t" (/l 
M 1J I 
E:.:: t-j 
I 0 0' 
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T A B L E  1 

CHANNEL A SSIGNM E NT S F OR A NA LOG MULTI PLEX E R  

( A LS E P  WOR D 3 3 )  

Channel 
Numbe r 

1 .  
2 .  

3 ,  

4 .  

5 .  
6 .  
7 ,  
8 ,  
9 .  

1 0 .  
1 1 .  
1 2 .  
1 3 . 
1 4 .  
1 5 . 
1 6 .  
1 7 .  
1 8 .  
1 9 . 
2 0 ,  

2 1 .  
2 2 .  
2 3 .  
2 4 .  
2 5 .  
2 6 .  
2 7 .  
2 8 .  
2 9 .  
3 0 .  
3 1 .  
3 2 .  
3 3 ,  
3 4 .  
3 5 ,  
3 6 .  
3 7 .  
3 8 , 
3 9 .  
4 0 ,  
4 1 .  
4 2 .  
4 3 .  
4 4 .  
4 5 ,  

A E - 3  
A E - 1 

A E - 2  

A T - 3  

A E - 4  
A R - 1 

A R - 4  
A E - 5  
A B - 8  
A Z - 1  
A Z - 2 
A B -4 
A E - 6  
A B - 5  
A T - 1 0 

A T - 4 0 
A B- 9  
A T - 2 3  
A T - 24 
A E - 7  
A E - 19 

A E - 1 8  
A L - l  
A L - 5  
A S - 1 
A B - 6  
A T - 1  
A T - 4 
AH - 1  
A B- 7  
A T - 2 5  
.\ T - 26 

A T - 2 7  
A T - 2 8  
A E - 8  
A E - 2 0  
A R - 2  
A L - 2  
A L - 6  
A S - 2  
AE - 6 *  
A T - 2  

A T - 5 
A S- 3  

A H - 2  

Mnem onic and Service 

Input Voltag e  
0 .  2 5V Calibration 
4. 7 5 V  Calibration 

Thermal Plate # 1 T em p .  

Input C u r r e nt 
Hot F ram e # 1  T em p .  

Cold F ram e # 1  T e m p .  
Shunt R egulato r C u r r ent PC 

Re c ,  A Command Subca r r i e r  Status 
1 8 -Hour Bi s tati c 
1 - 1 / 2 Month # 1 
Exp. 1 & 2 Statu s 
Shunt R e g ulator C u r r ent PCU 2 .  
Exp. 3 ,  4 & Heate r 2 Status 
Bottom Structure T em p .  
R e c ,  CASE T e m p e r atu r e  
R e c ,  B Command Subca r r i e r  Status 
TX A Xtal T e m pe ratu r e  

T X  A H e a t  Sink T em pe ratu re 
2 9  Volt s 

R e c e iv e r  A Input Signal Level 
T X  B Cur rent 
LP Gain X Y  
Level & C oa r s e  Sen s or Mode ( PSE) 
Central Station El e r. t roni � s  'T n .. p. (A SE) 
R e c .  A Pow e r  Status 
Sun shield Top T em pe ratu re 
Thermal Plate # 2  T e m pe rature 
H F E  Supp ly Voltage # 1 
R e c ,  B Pow e r  Status 

TX B X tal T e m pe ratu re 
TX B Heat Sink T e m pe ratu re 
A.  D. P.  Ba s e  Tem pe ratu re 
A.  D . P.  Internal T emperatu r e  
1 5  V ol t s  

R e c .  B Input Signal Level 
Hot F ram e #2 
L P  Gain Z 
PSE T h e rmal C ontrol Stat u s  
Morta r B ox T em perature 
Shunt R egulato r C u r r e nt PC Z 

Sunshield Und e r side T empe ratu r e  

Thermal Plate # 3  T empe ratu re 
GLA T em pe rature 
H FE Supply Volta g e  # Z  

* HK - 4 1  and 5 6  repeat m e a s u r em ent o f  HK- 8 - HK- 1 3  
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T A B L E  1 ( C ON T IN U E D ) 

CHANNE L ASSIGNMEN T S  FOR A NA LOG M U LTI PLEX E R  

( A L S E P  WORD 3 3) 

Channel 

Num b e r  

4 6 .  A T - 2. 9 

4 7 .  A T - 30 

4 8 .  A T - 3 1  

4 9 .  A T - 32. 

5 0 ,  A E - 9  

5 1 .  A E - 1 5  

5 2 .  A R - 3  
5 3 .  A L - 3  
5 4 .  A L - 7  
5 5 .  A H - 3  
5 6 .  A E - 5 �' 
5 7 .  A H - 6  

5 8 .  A T - 6  
5 9 .  A T - 8  

6 0 .  A T - 1 2  

6 1 .  A T - 3 3  

6 2 .  A T - 34 

6 3 .  A T - 3 5  

6 4 .  A T - 36 
6 5 .  A E - 1 0  

6 6 .  A E - 1 6  
6 7 .  A R - 5  

6 8 .  A L - 4  
6 9 .  A L - 8  
7 0 .  A B- 1 0 
7 1 .  A T - 7  

7 2 ;  . A T  - 1 3  

7 3'. A S - 4  

7 4 .  A H - 4  

7 5 .  A H - 7  

7 6 .  A T - 3 7 

7 7 .  A T - 3 8  

7 8 .  A T - 3 9  

7 9 . A E - 1 1  

8 0 .  A E - 1 2  

8 1 .  A E - 1 7  
8 2 .  A R - 6  
8 3 .  BLANK 

84 , B LANK 

8 5 .  B LA NK 

8 6 .  A Z - 3  
87 . A T - 9  

8 8 .  A T - 1 1  

8 9 .  B L A NK  

9 0 .  B L A NK 

Mnem oni c and Servi c e  

DDP B a s e  T e m pe ratu r e  
DDP Inte rnal T em pe rature 

De c od e r  B a s e  T em pe ratu r e  
De c od e r  Inte rnal T em pe rature 
1 2  Volt s· 
TX A Output Powe r 

Hot F ram e # 3  T em pe ratu r e  
P S E  Level D i r e c tion a n d  Spee d  

Calibration Statu s L P  &r S P  
H FE Supply Voltage # 3  
Shunt R P gulato r Cur rent P C  
H F E  H i g h  C onductiv ity Heate r Powe r Status 

T h e rm al Plate #4 T e m pe rature 
L e ft St ructu r e  T e m pe rature 
Inne r Bag T em pe rature 
VCO T e m pe rature 
PDU B a s e  T e m pe ratu re 
PDU Inte rnal T em pe rature 
PCU O s c . # 1  T e m pe ratu r e  
5 Volts 
T X  B Output Power 
Cold F ram e #2 T empe ratu re 
SP G a in 
U n c a g e  Stat u s  
Data Pr o c e s s o r  Status 

Thermal Plate # 5  T e m pe ratu re 
Oute r Bag T emperature 
Geophone T em pe rature 
HFE Supp ly V o ltage # 4  
H F E  Low C ondu c t i v i ty Heate r Powe r Status 

PCU O s c .  # 2  T e m pe rature 
PCU R e g .  # 1  T em perature 
PCU R e g .  # 2  T em pe rature 

- 1 2 Volts 
-6 Volts 
T X  A Current 
Cold Frame # 3  Tem pe rature 

1 - 1 / 2  Month Output IZ 
Right Structure T emperature 
PDM T em perature 

B - 5  



T A B L E  2 

A NA LOG HOUS E K E EPING CHA NNEL USA G E  

Symbol Channel Range Sen s o r  A c c u r a c y  

Structural / Th e rmal T em pe ratu r e s  
A T - 1  Sunshield # 1 2 7  - 3 0 0° F to + 3 0 0° F ± 1 5 ° F 
A T - 2  Sunshield # 2  4 2  - 3 0 0 °F to + 3 0 0 °F ± 1 5 ° F 
A T - 3  T he rmal Plate # 1  4 - 50 °F to + 2 1 0°F ± 1 0 °F 
A T -4 T h e rmal Plate # 2  2 8  - 5 0°F t o  + 2 1 0 °F ± l 0 ° F 
A T - 5  T h e rm al Plate # 3  4 3  - 50°F t o  + 2 1 0 °F ± 1 0 ° F  
A T - 6  The rmal Plate #4 5 8  - 5 0 ° F  to + 2 1 0 °F ± l 0 ° F  
A T - 7  T h e rm al Plate # 5  7 1  - 50°F to + 2 1 0 °F ± 1 0 °F 
A T - 8  V e rtical St ructure #1 ( L e ft) 5 9  - 3 0 0°F to + 3 0 0 ° F  ± 1 5 °F 
A T - 9  Ve rti cal Structure # 2  ( R i ght) 8 7  - 3 0 0°F to + 3 0 0 °F ± 1 5 ° F  
AT - 1 0  Bottom Structure 1 5  - 3 0 0 0F to + 3 0 0 °F ± 1 5°F 
A T - 1 1  Power Dum p Module 8 8  - 3 0 0 °F t o  + 3 0 0 0F ± 1 5 oF 
A T - 1 2 Inner Multilayer Insulation 6 0  - 50 0F to + 2 l OOF ± 1 0 °F 
A T - 1 3  Oute r Multilayer Insulati on 7 2  - 3 0 0°F t o  + 30 00F ± 1 50 F  

Ele c t r oni c T em pe r ature s 

A T - 2 3  T ran s m i tt e r  A C rystal 1 8  - 2 5 0 F  to + 1 7 5° F ± l OOF 
A T - 24 T ransm i tt e r A Heat Sink 1 9  - 2 5 ° F  to + 1 7 50 F  ± 1 0° F  
A T - 2 5  T ransm i tt e r  B C r y stal 3 1  - 2 5° F to + l 7 5° F ± l O OF 
A T - 2 6  T ran s m i tt e r  B Heat Sink 32 - 2 5 ° F  to + 1 7 50 F  ± l O OF 
A T - 2 7  Analog Data Proc e s s or ,  Ba s e  3 3  - 50 °F to 2 1 0°F ± 1 0°F 
A T - 2 8  Analog Data Proc e s s or ,  Internal 34 - 5 0 °F to 2 1 0 oF ± 1 0 °F 
A T - 2 9  Digital Data Proc e s s or ,  Ba s e  4 6  - 50 °F t o  2 1 0°F ± l O OF 
A T - 30 Digital Data Proc e s s o r ,  Inte rnal 4 7  - 5 0 °F t o  2 1 0 ° F  ± 1 0 °F 
A T - 3 1  C om mand D e c od e r ,  B a s e  4 8  - 5 0 oF t o  2 1 0 oF ± l OOF 
AT - 32 C om mand D e c od e r ,  Inte rnal 4 9  - 5 0 °F t o  2 1 0 0F ± 1 0 °F 
A T - 3 3  Comm and Dem odulator V CO 6 1  - 5 0 °F to 2 1 0 0 F  ± 1 0°F 
A T - 34 Powe r Di s t r ibution Unit, B a s e  6 2  - 5 00F to 2 1 0 ° F  ± l O OF 
A T - 3 5  Powe r D i stribution Unit, Inte rnal 6 3  - 50 0 F  t o  2 l O OF ± l OOF . 
A T - 36 PCU, Powe r OSC # 1  6 4  - 5 0 0 F  t o  + 2 1 0 0 F  ± l OOF 
AT - 37 P C U, Powe r OSC # 2  7 6  - 5 0 °F t o  + 2 1 0 °F ± 1 0° F  
A T - 3 8  PCU, R e gulator # 1  7 7  - 5 0 ° F  t o  + 2 1 0°F ± l OOF 
A T - 3 9 PCU, R e �ulator # 2  7 8  - 50 °F to + 2 1 00F ± l OOF 
A T - 40 R e c. Cas e  1 6  - S O O F  to t 2 0 0 0 F  .± 5 "lo  ab s o lute 

T otal of 3 1  Central Station Temperatu r e s  



T A B LE 2 ( C ONT. ) 

ANA LOG HOUS E k E E PI NG CHANNE L USAGE 

Symbol 

AE - 1 
A E - 2  
AE - 3  
A E - 4  
AE - 5 
AE-6 
AE- 7 
AE-8 
AE - 9  
AE - 1 0 
AE-11 
AE- 1 2  
AE-1 5 
AE-16 
AE - 17 

AE - 1 8  
AE- 19 
AE - 2 0  

A B- 4 * 

A B- 5 * 

Locat ion/ Name 

Central Station El e ct r i cal 
ADC Ca l i bration 0.  2 5 V  
ADC Ca li bration 4 .  7 5 V  
Conve rte r Input Voltage 
Conve rter Input Cu r r ent 
Shunt R e g  II Cu r r ent 
Shunt Reg 12 Cu r rent 
PCU Output Voltage 1 1  (29V ) 
PCU Output Voltage 12 ( 1 5 V )  
PCU Output Voltage 1 3  ( 1 2 V )  
P C U  Output Voltage 1 4  ( 5 V )  
PCU Output Voltage 15 ( - l Z V )  
P C U  Output Voltage 1 6  ( - 6 V )  
Tran s .  A ,  R F  Pow e r  
T rans . B, RF Powe r  
Tran s .  A ,  Cu r r e nt 
T rans . B, Cu r r e nt 
R CVR. A, Input Signal (AGC ) Le v e l  
RCVR. B, Input Signal (AG C )  L e ve l 

Central Station Bi s tatic 
Pow e r  Di s t r i bution, Expe riments Ill and 112 

Pow e r  Di s t r i bution, Expe r iments 3 and 4 

and DSS H e a t e r # l ( l O W )  

Chann e l  

z 
3 
I 
5 
8 ,  5 6  

1 3 , 4 1  
L O  
3 5  
5 0  
6 5 
7 9  
80 
5 1  
6 6  
8 1  
a 
21 
36 

12 

14 

*Expe riments numbe r e d  a s  fol l ow s :  Exp. No. ( I )  PSE ,  (2)  ASE ,  ( 3 )  LSM, 

Range 

Digital Count OlS + l 
Di g i ta l Count 3 6 1  f" I 
0 to <: 0  V DC 
0 to 5 ADC 
0 to c..  5 ADC 
0 to 2 . 5 ADC 
0 to 35 V DC 
0 to 1 8  V DC 
0 to 1 5  V DC 
0 to 6 V D C  
0 t o  - 1 5  V DC 
0 to - 7 .  5 V DC 
2 7  to 3 2  d B m  
2 7  t o  3 2  d B m  
0 t o  500 rna 
0 to 500 rna 
- l O O d B m to - 6 0  d B m  
- 1 0 0 d Bm t o  - 6 0  d Bm 

Expe r .  Ill Expe r .  liZ 
Standby Off Standby off 
Standby o n  Standby off 
Standby off Standby on 
Standby on Standby on 
Expe r .  113 Ex pe r . 114 
Standby off Standby off 
Standby off Standby off 
Standby off Standby on 

- Standby off Standby on 
Standby on Standby off 
Standby on Standby off 
Standby on Standby on 
Standby on Stancby on 

(4 ) HFE. 

S e n s o r  A c c u r a c y  

0 . 5 % 
o. S o/o  
+ 2 o/o 
+" 2 % 
+ z %  
+ 2o/o 
+" 2% 
+" 2 % 
+" 2% 
+" 2 % 
+" 2 % � 
+" 2% [" 
+ 0. 1 

(/l 
D B  M + 0. I D B  '"d 

+ 5 rna I 
� + 5 rna t-3 

va r i e s  with I 
signal l e ve l  0 

cr-

Octal Count 
000- 002 
0 7 6 - 1 22 
1 7 1 - 2 1 5  
2 64 - 3 1 4  

Hea t e r  # 1 Octal Count 
Off 0 0 0 - 00 2  
On 0 3 1 - 0 5 5  
Off 07 3 - 1 1 7 
On 1 32 - 1 5 6 
Off 1 7 1 - 2 1 5  

On 2 2 6 - 2 5 2  
Off 2 6 2 - 306 
On 3 1 4 - 34 0  



t:J:j I 
00 

Symbol 
A B- 6  
A B- 7 
A B - 8  
A 6-9 

A B- 1 0  

A R - 1  
A R -? 
A R - 3  
A R -4 
A R - 5  
A R -6 

A L - l  
A L-2 
A L - 3  
A L-4 
A L- 5  
A L- 6  
A L -7 
A L -8 

AS - 1  
A S -2 
A S -3 
AS-4 

TAB LE 2 ( CONT . ) 

ANA LOG HOUSEKEE PING CHANNEL USAGE 

Locatio n /  Name Channel 
_______ ____;_ _______ ________ _ S e n s o r  A c c u ra cy 

R CVR. A Pow e r Status 
R CVR. B Pow e r  Status 

R e ceiver A Command Subca r r i e r  Sta t u s  

Re c c 1 •.• e r  B Com mand S u bc a r r i e r  Sta t u s  

Data Proce s s or St atu s  

R TG Temf-c- r <�.tu rt- s 
Hot Frame # I  
Hot Frame # 2  
Hot Frame # 3  
C old Frame # I  
C old Frame # 2  
C old Frame # 3  

Pas sive Seismic 

G, E. No s ,  
R 1-1 
R l - 2 
R l - 3  
R 3 - l  
R 3 - 2  
R 3 - 3  

L. P. Ampl. Gain ( X  & Y )  
L. P. Ampl. Gain ( Z )  
Level Direction and Spee d 
S. P. Ampl. Gain ( Z )  
Leveling Mode & C oa r s e  Sen s o r  Mode 
T he rmal Control Status 
Calibration Status L. P. & S. P. 
Uncage Status 

A ctive Seismic 
Central Station Package Temp. 
Mortar Box Tempe rature 
Grenade Launche r A s sembly Temp 
Geophone Tempe r ature 

26 
30 

9 
1 7  

7 0  

6 
3 7  
5 2  

7 
6 7 
8 2  

2 3  
3 8  
5 3  
6 8  
24 
39 
54 
69 

2 5  
4 0  
44 
7 3  

O FF :  0 0 0 - 0 0 2 ; *  O N :  2 2 1 - 2 4 1 *  
O F F :  0 0 0 - 0 0 2 ; *  O N :  2 2 1 - 2 4 1 * 
No modulation 0 2 5 - 0 6 4 ; * Modulat ion 2 4 2 - 3 6 4 *  
No m odulation 0 2 5 - 0 6 4 ;  * Modulation 2 42 - 3 6 4 *  
X Selected 1 6 0 - 2 2 0 *; Y Selected 0 0 0 - 1 0 0 *  

9 5 0  · F to 1 1 5 0  F 
9 5 0 "  F to 1 1 5 0 "  F 
9 5 0 •  F to 1 1 5 0 "  F 
4 0 0 "  F to 6 00 "  F 
4 0 0 "  F to 6 00 e  F 
4 0 0 "  F to 6 00 "  F 

D i s c rete ·c 
Di s c rete 
Di s c rete 
Di s c r ete 
Di s c rete )ee Table 4 
D i s c rete 
Di s c rete 
Di s c  r ete 

-4o· c to + I O O " C 
-7 5 • C to + I  0 0 • C 
-7. 5 " C  to + 1 00 " C 
-zoo · c to + 1 3 0 " C 

*o ctal 

± � 1 '  
± 5 '  F 
± 5 "  F 
± 5 '  F 
:t: 5 '  F 
± 5 "  F 

:t: 3 " C  
± 3 " C  
:t: 3 " C  
± 3 " C  



Symbol 

A H - 1  
A H-Z 
AH-3 
A H --! 
A H - 'i  
AH-6 
A H -7 . 

A Z - 1  
AZ -Z 
A Z - 3 

Location/Name 

Heat Flow 
Supply Voltage H I  
Supply Voltage HZ 
Supply Voltage H3 
Supply Voltage H4 
Not A s signed 

TAB LE Z ( C ONT. ) 

A NA LOG H OU SE K E E PING C HANN E L U SA G E  

Channel 

Z9  
4 5  
5 5  
74 

Range 

0 to + 5  volt s  
0 t o  - 5  volts 
0 to + 1 5 volts 
0 to - 1 5 volts 

Sen s o r  A c curacy 

5 o/o full s cale 
5 "/n  full s cale 
5 o/n full s cale 
5 o/o f•Jll scale 

High Conduct i v ity Hea t e r  Powe r Status 
Low Co nduc tiv ity Heat e r  Powe r Status 

57 
7 5  

Di s c rete 
Di s c rete } Se e Table 1 5  

T ime r 
Timer 1 8  -hour bi static 
Timer 1 1 /Z month bistatic 
Timer 1 1 /Z month bi static 

H l  
H Z  

1 0  Alte rnate l y  Hi - Lo* 
1 1  Hi afte r 1 1 /Z months ':' 
86 Hi afte r 1 1 /Z months *  



B - 1 0  
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TA BLE 3 

SUMMARY OF ANALOG CHANNEL USAGE 

C entral Station 

Data and Powe r Subsystem s 

Expe rim ent On-Off Status 

Structural / The rm al 

R T G  T empe rature s 

Expe riments  

Pa s sive Seismic 

Magnetom ete r 

Heat Flow 

A c tive Seismic 

Not A s s igned 

T OT A L  

T OTAL 

TOTA L 

46 

z 

1 3  

6 

8 

0 

6 

4 

6 7  

1 8  

5 

9 0  



..... ...... 

TABLE 4 

PASSIVE SEISMIC MEASUREMENT 

Scienti(ic Measurement.: 

Symbol 

DL - 1  
DL-Z 
DL- l  
DL-4 
D L - 5  
DL-o 
OL-7 
DL-8 

LOca.tion/Mea•urement 

L. P. Seismic X 
L. P. Seismic Y 
L. P. Seismic Z 
Tidd: X 
Tidal: Y 
Tidal: Z 
Sensor Unit Temp. 
Short Period Seismic: Z 

Ho• .. aekeepinjl Measurement. 2 ,  

ALSEP 
Word 

9 .  zs.  4 1 ,-57 
I I ,  Z7, 43, 59 
n. Z9, 45, o l 
lS 
l7 
lS 
l7 
Every Even 
Word Except 

46, 5 6  

(Dynamic) 
Frame Range 

Every I "''' to lO p 
I "''' to lO p 

Even 
1 mp to 10� 
. 01 to 10" {arc) 

Even . 01 to 10" (;arc) 
Odd 8 p.gal to 8 mgal 
Odd H'7 - l43°F 
Every 1 m1 to lO p 

8 channela o{ Engineering Measurements (:"h��::� in ALSEP Word 33,a.ll Q. 5 VDC. 
AL- l L. P. Amp. G;ain X, Y --n-- Odb 0 -0. 4V 

AL-Z L. P. Amp. Gain Z )8 

AL - 3  Level Direction and Speed Sl 

AL-4 S. P. Amp. Gain Z o8 

AL-5 Leveling Mode and Coarse Z4 
Sensor Mode 

AL-b Thermal Control Status )9 

AL-7 Ca.libroiltion Status LP At SP 54 

AL-8 Uncage Statu• o9 

*± 0. os · c  r e s olution . 
':"" U nc a g e  locke d - out on all g r ound t e s t s .  

- lOdb O. b- 1 . 4  
-ZOdb L o - Z .  4 
-lOdb z. o-4. o 

Odb 0-0.  4V 
- IOdb 0 . 6 - 1 . 4  
-ZOdb L o-Z. 4 
-lOdb z. o - 4. o 

+low 0 -0. 4V 
-low 0. b - 1 .  4 

+high L o - Z . 4 
-high z. o -4. o 

Odb 0 - 0 .  4V 
- IOdb o. o - L  4 
-ZOdb L o-Z. 4 
-lOdb z. o-4. o 

Automatic, coarse level out 
Manu.al, coar•e level out 
Au.tOmoiltic ,  coar•e level in 
Moilnual, coo-.r•e level in 

Automatic Mode ON 
Automatic Mode OFF 
M.ant.Lill Mode ON 
Manuot.l Mode OFF 

All On 
LP-ON SP-OFF 
LP-OFF SP-ON 
All Off 
Preaet 0 - 0 . 4V 
Arm o. o - 1 .  4 
Unca11� 1. o -z. • 
Unl·:tJI:C lockou.t 0-0 . .f..n:< 

0-0. 4 V  
0. b - 1 . .  
1 .  o - z .  4 
z. b-4 . 0  

0 - 0 .  4V 
0. & - 1 . "  
L o-Z. 4 
z. o-•- o 

0 - 0 . 4V 
o. o - 1 .  4 
I. o - Z - 4  
z. o-4. o 

St:naor Bits/ Sample/ Samplt: / 
Accuracy Samplt: Sec Frame 

5'1. of reading 10 b. oZ5 

0 .  j5 0 . 5  
0 .  &5 0. 5 

.!_1'1. o( readintf 
5� of reoilding 48 . 0 2 9  

. 0 1 8 5  > 
t-< (/l 

8 . 0 18 5  M 
"'d 
I 
� 

. 0 1 85 ., 
I 

0 
0' 

- 0 185 

- 0 1 8 5  

- 0 185 

- 0 185 

• 0 185 



...... N TABLE 5 

MAGNETOM E T E R  MEAS UREMENTS 

Scientific Measurements 

ALSEP Expected Se nsor Frequency 

Symbol Location /Measurement · Word Frame Range Accuracy Response 

DM - l 5  X - Axi o  Field 1 7 , 49 Every ± 5 0 ,  ± 100 ,  ± 2 00 gamma * - 1 . 5 cycle / s e c .  

DM - l 6  Y - Ax i o  Field 1 9 ,  5 1  
DM- l 7  Z-Axio Field l l ,  53 

The s e  data have the following format: 

z
9 

Polarity•• 
Bit · 

• Reoohation - 0. l.'ro F..U Scale Accuracy - 0. S'ro Full Scale 
••. 0 = Plu•, 1 = Win ... 

zs 

* 
• 

l z7 l zo I z5 l z4 I z3 I 
Scienc e Data *** 

':"�*Calibrate levels of S c ience Data are 0 and plus and minus 1 /4 ,  1 /2 and 3 /4 o f  
full s cale (or PCM count s of 0 and ± 1 28 ,  ± 2 5 6  and ± 3 8 4 .  Enpno•rina W.a•unment• 

Ho11aekeepina ia located in ALSEP Word 5 which ia 811b- comm11tated over 1 6 frame• ;u followa: 

Bit in Word 5 z9 zB l 
Weamna F AI 

Where B l .  BZ are biatable •tatll8 data 

z1 I 
AZ 

zi I zS 

Al A4 
I 

Enginee ring Data 

A l ,  . . . . . . . .  , A7 are bit• derived from analo1 meaaurementa 

z4 I 
AS 

zl. I 

zl I 
AI> 

F locate s  the e u.bcornmqtation atart, F = 1 ia frame 1 of the aubcommutation and F = 0 elsewhere. 

z l I 

zZ 

A7 

Bit s / Sample / Sample / 
Sample Se c .  Fra.rne 

10 3. 3 2 

zo 

z l I zo 

B l  BZ 



TAB LE 5 ( CO NT . ) 

MA GNE T OM E T ER MEASU R E M E N T S  

E ngine e r i ng Mca s u r e rn e n t s  i n  A LSEP W ord # 5  

Sub c o m - S e n s or 
Symb ol Locati o n /  M e a s ur e m e nt m utation Range A c c ur a cy 

(D M - 1 T e m pe r a t u r e  # 1  1 '  9 - 30 °C to + 6 5 °C ± 3 o/o  
D M - 2  T e m pe ra t u r e  # 2  2 ,  1 0  I I  I I  I I  

DM- 3 T e m pe ratu r e  # 3  3 '  1 1  I I  I I  I I  

DM - 4  T e m perature #4 4,  1 2  I I  " " 

DM- 5 T em pe ratur e # 5  5 ,  1 3  " " " 

D M - 6 Level S e n s o r  # l 6 ,  1 4  - 1 5° t o  + 1 5° 
D M - 7 Le v e l  S e n s o r  # 2  7 '  1 5  " " 

D M - 8 S u pply V olta g e  8 ,  1 6  0 t o  + 6 .  2 5V ± 0 .  l o/o  
DM - 9  X F lip Po s ition 1 '  D i s c r ete 
DM- 1 0  Y F li p  P o s it i on 2 I I  

DM- i. l  Z Flip P o s ition 3 I I  

DM- 1 2  X G imba l  Po s ition 4 I I  

DM- 1 3  Y G imba l P o s iti on 4 I I  

DM- 1 4  Z G imbal P o s ition 5 I I  

DM- 1 5. T h e rmal C ontrol Sta t e  5 I I  

DM- 1 6  Mea s u rem ent Range 7 I I  

DM- 1 7  X Off s e t  F ield 9 ,  1 0  I I  

(s e e  DM- 1 8  Y Off s et F i e ld 1 0 '  1 1  I I  Table 7 
DM- 1 9  Z Off s e t  F i e ld 1 2 '  1 3  I I  

DM - 2 0  Mode State 1 3  I I  

DM- 2 1  Off s e t  Rat chet State 1 4  I I  \ DM - 2 2  F i lte r Status 1 5  I I  

DM- 2 3  F li p / Ca l  Inhibit Statu s 1 5  I I  \ 
DM - 24 F ille r B it s  1 6  I I  l D M - 2 8  Heate r P owe r Sta t u s  6 I I  

D M - 2 9  F ille r B it s  8 I I  I 
DM- 30 LSM F rame N o .  ( De rived from J 

F in F rame H l ) 

B it s /  
Sam ple 

7 
I I  

I I  
I I  
I I  
I I  
I I  
I I  

2 status b i t s  
2 I I  I I 

l I I  I I  

1 I I  I I  

1 I I  I I  

1 I I  I I  

1 I I  I I  

2 I I  I I  

3 I I  I I  

3 I I  I I  

3 I I  I I  

1 I I  I I  

2 I I  , , 
1 I I  I I · 

1 I I  I I  

2 I I  I I  

2 I I  I I  

2 I I  I I  

Deta i l s  of t h e  s tat u s - b i t  u s age a r e  s hown i n  T able 6 and the s tatu s b i t  structure i s  s hown i n  Table 7 • 

. ,. R e peated e v e ry e ight frame s for a sample rate of 0 .  2 0 7  pe r s e co nd .  
':":' R e peated e v e r y  1 6  fram e s f o r  a sam ple rate of 0 .  1 0 3  p e r  s e cond . 

> 
r-Ul 
1.'1 'U 
I 
� 1-3 
I 

0 
0' 
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TABLE 6 

MAGNE T OME T E R  1 6 POINT E NGINE E RING S UB COMM UTATIO N  FORMAT 

Magnetomete r 

Subcomm utation Frame Statua Bits 

Frame Mark Bit Data (bits 9 and 10 in word 5) 

1 1 Temp 1 1 X -axis Flip Position - B 1  Bz 

z 0 Temp I Z  Y -axis Flip Position - B 1 Bz 

3 0 Temp 13 Z-axia Flip Poaition - B 1 Bz 

4 0 Temp f4 �-axia Gimbal Poaition - B 1 
-ax.ia Gimbal Poaition - Bz 

5 0 Temp 1 5  {Z -axis Gimbal Poaition - B l  
The rmal Control Select - Bz 

6 0 Level 1 1  {Spare - B Heate r Po�e r Status B2 
7 0 Leve 1 f Z  Meaa urement Ranae - B 1 Bz 

8 0 Voltage f l  Filler Bita - B 1 Bz 

9 0 Temp f l  X-axia Field Offaet - B 1 Bz} 3 bit word 

10 0 Temp f Z  X-axia Field Offaet - B 1 
Y -axia Field Offaet - Bz 

Bz} 1 1  0 
3 bit word 

Temp f 3  Y-axia Field Offaet - B 1 

1 2  0 Temp f4 Z-axia Field Offaet - B l B1 1 3  0 Temp f 5  Z-axia Field Qffaet - B 1  
3 bit word 

Mode State - Bz 

14 0 Level f 1 Offaet Ratchet State - B 1 Bz 

1 5  0 Level fZ Filter Statua - B 1 
Flip/ Cal inhibit atatua - Bz 

1 6  0 Voltage f 1 Filler bit a - B 1 Bz 

B - 1 4  
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TABLE 7 

MAGNETOMETER ENGINEERING STATUS Bll' STRUCTURE 

X .. axit Fl\p Poatti.on 

Y .. axta Fllp Poai.tion 

7.-axil Fli.p Poa i.ti.on 

X-axia Gimbal Poaition 

Y -axil Gimbal Poait\on 

Z -axis Gimbal Poaition 

Temp Control State 

F i l l t> r  Bit 
Heater Power Statu• 

Measurement Ran1e 

Filler Bita 
X - a xia Field Offset 

Y-a.xis Field Ofhet 

Z-axia' Field Offaet 

Mode State 

Offlet Ratchet State 

Filter Statu• 

FUp/Cal. Inhibit Statui 
" " 

Filler Bite 

• Expected ran1•• 

Commutator 
Point 

8 
9 

10  
9 10 
9 

! 0  
9 1 0  
9 

1 0  
9 

10 
9 

1 0  10 I I  
1 0  I I  
1 0  I I  1 0  I I  
1 0  I I  
1 0  I I  1 0  I I  
!Z 1 3  l l  1 3  
ll 1 3  ll 1 3  l l  1 3  l l  1 3  l l  1 3  1 3  1 3  
14 14 
14  
14 
I S  
15 
IS 
I S  
1 6  

I 
0 . 
0 

0 

Statu• 

Not at 0°, 90°, or 180° politlon 
0° po•ltlon 
90° po•ltlon 
180° po1itlon 

Not at 0°, 90°, or 1 80° polition 
0° poaitlon 
90° pollt!on 
180° po1\t!on 
Not at 0°, 90°, or 180° poaUi.on 
0° poattion 
90° petition 
180° polit\on 
Pre Si.te Survey Poaiti.on 
Post Site Survey Poaition 
Pre Site Survey Petition 
Poat Site Survey Petition 
Pre Site Survey poei.ti.on 
Poat Site Survey Poaitton 
X-axh C o ntrol 
Y -axh Control/OFF 

Not U ted 
Heat'er ON 
Heater OFF 
50 y Ranae } 
100 y Ranae � 
200 'f Ra na;e 
Error I Not uted 

1 )-_ O'o offaet 
0 )-_._ .. z s OJo offaet 
0 .)___ .. SO% oHaet 

)-_ .. 75C?'o offset 

)--_ +75 o/o offaet 

)-__ +50% ofhet 

.)-.. +25% o!fset 

� OOJ'o olfa et 

)..._ -2:50/o ofhet 

)-__ .. SO% offset 

.).___ 75'7o offtet 

)-_ +750Jo offlet 

.>--- +500Jo oH1et 

.)--_ +lSOJo offset 

)-__O OJa off1et 

)-_. -ZSOfa offlet 

).__ - SOOJ'o off1et 

.)-.__-750Ja off1et 

)-__ +75% offlet 

>-- +50.,, offlet 

..).-__ +Z5'- offaat 
Calibrate ON 
Callbrato OFF 
Not at X, Y, o r  Z 
X-axil petition 
Y -a.xh po1ttton 
Z-a.xh politton 
Flltor bypa11od 
Flltor not bypauod 

I CaUbration lnhibttad 

0 Calibration not lnhlbltod 
Not u1ed 

B - 1 5  

http:bypa,.ed
http:750/0ocr.et
http:oo/'ooU.et
http:75%off.et


B - 1 6  

Symbol 

AS-I 

AS-2 

AS-3 

AS-4 

DS- 1 7  

DS-2 

DS - 3  

DS- 1  

AR-4 

DS - 7  

DS- 5  

DS - 6  

AS - 3  

DS-8 

DS- 1 1  

DS- 1 0  

AS- I  

AE-3 

AE-4 

A R - 1  

DS - 1 8  

DS - 1 9  

DS-20 

DS- 1 3  

ALSEP-MT - 06 

TABLE 8 

ACTIVE SEISMIC MEASUREMENTS 

Locat!on/N a me Channel Range 
Sen•or 
Accuracy 

When the Active Seismic i s  not operating the following meaeurementJ are provided 
through the 90 -channel multiple�er of tho Data S/S. 

Active Seilmic Tem2eraturea (From Table 1 )  

Central Station Package Temp. 2 5  -40 · c  t o  t!OOC * l '  c 

Mortar Box Temp. 40 -7 5 ' C  to +IOO ' C  * 3 ' C 

Grenade Launcher Assembly Temp. 44 -7 5 ' C  to t!OO ' C  * 3 ' C 

Geophone Temp. 73 -ZOO ' C  to + 1 3 0  'C * 3 ' C 

Active Seismic Measurements 

Active Scisrnit Type B Logic '�(32 20 -bit words each ce�nai1ting of four 5 - bit aubwordl) 

A/S Word Subword 

Frame Sync <!; I , Z  N/A N/A 

Geophone # 2  All :t 1 OO?'o Refer-
red to Input 

Geophone ri 3 All 4 <V :i 1 00/n Refer-
red to Input 

Geophone " 1  :t lOo/o Refe r -
red t o  Input 

2 through 32 :t l Oo/o Refer -
red to Input 

RTG Cold Frame Temp. !• I �J. 4 400 'F to 600 ' F  ± 5 ' F  

Pi t c h  A n g l C'  5 ,  6 * 10 0 :t 2 0 '  

Mo rta r H n x  (iround Monito r 7 , 8 0 to 400 MY * 1 6. 5MV 

Roll AnJ.dt.• 9, 1 0  * 1 0 '  ± zo•  

N o t  Vsed I I ,  1 2  

Grenade Launcher Assembly Temp. 1 3 ,  1 4  -7 5 ' C  t o  + I OO ' C  * l ' C 

Geophone Calibrate Pulse 1 5, 1 6  0 to + 5 V  * I %  

A/D Calibration 3 .  7 5 V  1 7 ,  1 8  272 t o  J i ll ! Odall  ,.o,  5'/o 

A/D Calibration 1 .  2 5 V  1 9. 20 7 6  to 104 (Octall ± 0 ,  5�o 

Central Station Package Temp. 2 1 .  22 -40°C tu +I 00°C * 3  · c  

Converter Input Voltage 23, 24 0 to 20 VDC � Zo/o 
Input Cur r�nt 2 S , 2& 0 to 5 ADC � ZOfo 

RTG ! tot Frame Temp. # I  ®z7, 2 8  9 50 ' F  t o  1 1 50 ' F ± 5 '  

Mark Event 0\9 N /A N/A 

Word Count �0 N /A N/A 

Event Bit Count �I N /A N/A 

Mode ID � 2  N/A N/A 

In the fir at 10 bits of the word. 

B!to/ Samplu/ 
Sample Sec 

. 0 1 85 

, 0 1 85 

. 0 1 85 

8 . 0 1 85 

1 0 1 6. 56 

5 ·  530 

530 

530 

530 

1 6. 56 

1 6. 56 

1 6. 56 

1 6 .  56 

1 6. 56 

1 6. 56 

1 6. 56 

1 6. 56 

1 6 .  56 

8 1 6 .  56 

1 6. 56 

1 6. 56 

1 6 .  56 

N/A 

N/A 

N/A 

1 6. 56 

The first !pur bits of the measurement are carried in the first four bits of .the odd word. The laat four bita of the 
meaaurement are carried in the fir at four bite of the even word. In each caae the laat (or fifth) bit of each aub
word h spare. 

Mark code when Real Time Event occur a during prior fr.ame (frame = 32 word aequence) 
4 

Meaeurea word in prior frame during which Real Time Event occurred. 

Meaaure1 bit during which Real Time Event occurred in above word in prior frame. 

In· the fir at 3 bite of the aubword - other 2 bite not u1ed. 

Calibrated data in milli micron• of ground motion (log compre•aed, 
80 db dynamic range). 
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TABLE 9 

WORD FORMAT FOR HEAT FLOW EXPERIME NT 

Each Heat Flow data point employs eight 1 0 - bit words (ALSEP Word 23 in eight consecutive frame s ) ,  
arranged a s  follows-: 

Heat Flow Bit Position 
Word 1 2 3 4 5 6 7 8 9 1 0  

R2 R 1 0 p4 p3 P2 p1 2 1 2 2 1 1  2 10 
0 

26 29 28 27 z 5 24 2 3 2 2 2 1 2o 

Rz R1 M l M2 M3 0 0 2 1 2 2 1 1  2 1 o 

1 
29 28 2

7 
26 2 5 24 

2 3 22 2 1 2 0 

Rz R l H4 H3 Hz H I 0 2 1 2 2 1 1  2 1 0  
2 

z9 zB z 7 26 z 5 24 2 3 z2 z 1 2 0 

Rz R 1 0 0 0 0 0 2 1 2  z l l  2 1 o 
3 

26 2 5 z9 z8 2 7 z4 z 3 z2 z l zO 

Where:  

DH-90 M 1 , Mz, M3 are mode regi ster s ,  ( 1 0 0 )  Gradient Mode, ( 0 1 0 )  L o w  Conductivity Mode. and 
( 0 0 1 )  High C onductivity Mo:ie , re spectively. 

DH- 9 1 

DH - 9 Z  

D H - 9 3  

D H - 94 

P 4, P3, P2 , P I are mea s ur ement identification a s  d e s c ribed in Table I 0 .  

Rz , R1 a r e  binary equivalent o f  Heat Flow Wo rd numbe r . 
H4 , H3 , H z, HI a r e  conductivity heate r registe r s  ( 8  heate r s ) .  

HFE fille r bits ( shown a s  z e r o s  in above chart) . 

):.. 
t" (/l M � 
I 
� .., 
I 

0 
0' 
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HEAT F L O W  P - B I T  MEAS U REMENT DESIGNATIONS 

P Ide ntifi c ation Bits M e a s u r e ment P Ide ntification B its Meas urement 

p4 p3 Pz P I p4 p3 P
z 

P
I 

0 0 0 0 sr I I  1-l 0 0 0 T i l 

0 0 0 ..\T I Z H  0 0 T 
1 2  

0 0 0 ..\T 2 1  H 0 0 T
2 1 

0 0 ,\ T 2 2 H 0 T 
2 2  

0 0 0 .6 T I I L 0 0 T 
ref 

0 0 t> T I Z L  0 TC g roup, Probe I 

0 0 .6 T 2 1 L  0 T 
ref 

0 '\ T 2 Z L  T C  g roup, Probe 2 

Key t o  M e a s u r e m en t  Name 

The fi r s t  s u b s c ript r e fe r s  to the p ro b e  (probe 1 or probe 2 ) ,  the second refe r s  to the probe s e ction 
( upper o r  low e r ,  r e s p e ctive l y ) .  

T . .  H lJ 
T . .  L lJ 

T . .  lJ 
TC g r oup 

T r e f  

B - 1 8  

B r idge mea surement of probe temperature g radient, high sensitivity. 

Bridge mea s urement of probe temperature g radient, low sensitivity. 

Total bridge resi stance measu rement of ambient tempe rature. 

The rmocouple measurements of probe cable ambient temperature, 
4 measu rements per probe. 

B ridge mea s urement of the tempe rature of the thermocouple refe rence junction. 
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HEAT F LOW MEASUREMENTS FOR GRADIENT AND 
LOW CONDUCTI V IT Y MODES (I AND Z )  

P r obable Data Points I Sample s /  Bits/ 
Symbol Location/Name *Frame Range E r r o r  F rame Data Point Sample 

DH - 1  � T 1 1 H T emp. Grad. High Sens. 0 - 7  +Z°C 0. 003°C 1 / 720 4 1 3  

DH-Z A T l zH Temp. Grad. High Sens. 8 - 1 5  tZ°C 0. 003°C I / 7 20 4 1 3  

DH - 3  A Tz i H Temp. Grad. High Sens . 9 0 - 97 tZ°C 0.  063°C 1 / 7 20 4 . 1 3  

D H - 4  6TzzH Temp. Grad. High Sens. 98 - 1 0 5 +Z° C o. 0 0 3 ° C  l / 7ZO 4 1 3  

DH - 5  /l Tl l L Temp. Grad. Low Sens. 1 80 - 1 8 7 tZ0°C O . Q3° C 1 / 720 4 1 3  

DH-6 6T 1 z L Temp. Grad. Low Sena. 1 88 - 1 9 5 .!_Z0°C 0. 0 3° C  1 / 720 4 1 3  

DH - 7  /lTzlL Temp. Grad. Low Sens. Z 7 0 - Z 7 7  tZ0°C 0.  0 3 ° C  1 / 720 4 1 3  

DH -8 ATz z L Temp. Grad. Low Sens. Z 78 - 2 8 5  +20°C 0. 03°C 1 / 720 4 1 3  

D H - 9  Tu Probe Ambient Temp. 360- 367 zoo to z s o°K 0. 1 ° C  1 / 720 4 1 3  

DH - 1 0  T l 2  Probe Ambient Temp. 368 - 37 5  Z O O  t o  Z S 0°K 0. i ° C  1 / 7 20 4 1 3  

DH- 1 1  Tz 1 Probe Ambient Temp. 4 5 0 - 4 5 7  zoo t o  2 S0°K 0.  i ° C  I / 7 20 4 1 3  

DH - l Z  Tzz Probe Ambient Temp. 458-465 ZOO to 250°K 0. I 0-G 1 / 7 20 4 1 3  

**DH - 1 3  Ref. T l Temp. Ref. Junction 540- 54 7  - ZO to t60°C o. 1 °C 1 / 720 4 1 3  

***DH- 1 4 ,  24, 34, 44 T C I  group Probe Cable Temp. 548 - 5 5 5  9 0  t o  350°K o.  3° C 4/ 7 2 0  1 3  

**DH - 1 5  Ref. T2 Temp. Ref. Junction 6 3 0 - 6 3 7  -20 t o  +60°C 0 .  1 °C 1 / 720 4 1 3  

***DH- 1 6 ,  Z6, 36, 46 TC Z  g roup Probe Cable Temp. 6 38 - 645 90 to 350°K 0 .  3° C 4 / 7 20 1 3  

*Two Heat Flow data points are carried in the first 1 6  frames following each A LSEP 9 0 - frame mark. Initial 9 0 - frame mark i s  a rbitrary. 

**DH - 1 3  and DH- 1 5  are identical physical measurements separated in time by approximately 54 seconds. 

***Each g roup comprises the measurements indicated in Table 1 2 . 

Sampl e s /  
S e c .  

. O OZ J I  

. 002 3 1  

• OOZ 3 1  !l> 
. OO Z 3 1  t' (/) 
. OOZ 3 1  M ':tJ 
• OOZ 3 1  I 

� 
. OO Z 3 1  � 
• 0 0 2 3 1  

I 
0 

. 0 02 3 1  
0' 

. O O Z 3 1  

. O O Z 3 1  

. 00 2 3 1  

• 0 02 3 1  

. 0023 1 

. 00 2 3 1  

. 0 02 3 1  
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HEAT FLOW T HERMOCOUPLE GROUP MEASUREMENTS 

T c 1 
G roup 

T C 2 
G r oup 

Note : 

Symbol Data R - B it s  
R2 R l 

DH- 1 4  Ref. T C - T C 1 ( 4 )  0 0 

DH-24  T C 1 ( 4 )  - T C 1 ( 1 ) 0 

DH - 34 T c 1 ( 4 ) - T C  1 ( 2 )  0 

DH-44 TC 1 ( 4 )  - TC 1 ( 3 )  

DH- 1 6  Ref. T C - T C2 ( 4 )  0 0 

DH- 26 T C2 
(4 )  T C2 ( 1 ) 0 

DH- 36 T C2 ( 4 )  - T C2 ( 2 )  0 

DH - 46 T C2 ( 4 )  - T C2 ( 3 )  

Sub s c ript refe r s  to probe ( 1 o r  2 )  whi le de s ignator in 
par enthe s e s  refe r s  to the rmocouple location,  with ( 1 ) 
at top pos ition and ( 4 )  at cable / probe interface .  

OTHER DATA POINTS 

High Sensitivity Low R- Bits 
and T ref 

+ Excitation Volts 

+ B ridge Output 

- Excitation Volts 

- B ridge Output 

Sensitivity 

+ Cur r ent 

+ Bridge Output 

- Cur rent 

- B ridge Output 

Ambient R2 R l 

+ Excitation Volts 0 0 

+ Cu r rent 0 

- Excitatio n Volts 0 

Cur rent 
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TABLE 1 3  

SELE CTABLE SUBSEQUENCES,  MODES 1 AND 2 

Measurement Type 

High Sensitivity Gradient 

Low Sensitivity Gradient 

Ambient T empe ratur e  

The rmocouple Tempe rature 

All  four of the above 

Probe 

D H - 1 ,  - 2  

D H - 5 ,  -6  

DH - 9 ,  - 1 0  

DH- 1 3 , - 1 4 ,  
-:- 24 ,  - 34 ,  - 44 

DH- 1 ,  - 2 ,  - 5 , - 6 ,  
- 9 ,  - 1 0 ,  - 1 3 , - 1 4 ,  
- 24, - 34, - 44 

Probe 2 

D H - 3, - 4  

D H - 7 ,  - 8  

D H - 1 1 ,  - 1 2  

D H - 1 5 , - 1 6 ,  
- 26 ,  - 36 ,  - 46 

D H - 3 ,  -4,  - 7 ,· - 8 ,  

- 1 1 , - 1 2 , - 1 5 , - 1 6 , 
- 26 ,  - 36 ,  -46 

B oth Prob e s  

D H - 1  to D H - 4  

DH - 5  to  D H - 8  

DH - 9  to  DH- 1 2  

D H - 1 3, - 1 4, - 24 ,  

- 34 ,  - 44 , - 1 5 , - 1 6 ,  
- 26 ,  - 36 ,  - 4 6  

D H - l to  DH - 1 4  
DH - 24 ,  - 34 ,  - 44 
DH - 1 5, - 1 6 , - 26 ,  
- 36 ,  -46 

NOTE:  Selected subs equence cycles continuous ly in  fir st 1 6  frame s after  each  A LSEP 9 0 - frame mark. 
Sampling rate of Table 1 1  is thus increased  by subsequencing. 
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I I EAT F L O W  M E ASUR E M F. N TS , M O D E  3 1 1 1 1 (;] ] C O N D U C T I V I T Y )  
H e ate r Samp l e s /  

Sym bol M c a s u r c n 'l e n t  Probe l l  ridge I I - ll  i t s  S t a  t 1 1 s  F r ame Se c .  

D l l - �0 D i ffe r e n t i a l  T <· m p .  0 0 0 0  . OF F  0 - 7  . 0 1 8 5  
DH - S l  A m bient T e mp. 0 0 0 0  O F F  8 · 1 5  . 0 1 8 5  
D H c 5 2 Diffe r e ntial T e mp .  0 0 0 1 1 1 1 2  ON 0 - 7  . 0 1 8 5 
D H - S 3  Ambi e n t  T e mp. 0 0 0 1 1 ! 1 2  O N  B - l S  . 0 1 8 5 

D l ! - 6 0  Di ffe r e ntia 1 2 0 0 1 0  O F F  0 - 7  . 0 1 8 5 
D H - 6 1  A mb i e n t  2 0 0 1 0  O F F  8 - l S . 0 1 8 5 
D H - 6 2  Diffe r e ntial 2 0 0 1 1  H 1 4 ON 0 - 7  
D H - 6 3  Ambie n t 2 0 0 1 1  H 1 4 ON 8 - I  5 

DH- 56 Diffe r e nti al 0 1 0 0 O F F  0 - 7  
D H - 5 7 Ambient 0 1 0 0 O F F  8 - 1 5  
D H - 58 D i ffe r e ntial 0 1 0 1 H 1 1  O N  0 - 7  
DH - 5 9 Ambient 0 1 0 1  H 1 1 ON 8 - 1 5  � 
D H - 6 6  Differ e ntial 2 O l i O  O F F  0 - 7  t"' Cll 
D H - 6 7  Ambient 2 O l i O O F F  8 - 1 5  M 
DH - 6 8  D iffe r entia l  2 0 1 1 1  H 1 3  ON 0 - 7  '"d 
DH - 6 9  Ambient 2 0 1 1 1  H 1 3  ON 8 - 1 5  

J 
E:: 

DH - 7 0 Diffe r ential z 1 0 0 0  O F F  0 - 7  rl 
I 

D H - 7 1  Ambient z 1 0 0 0  O F F  8 - 1 5  0 
DH - 7 2  Diffe r ential z 1 0 0 1  Hz z  O N  0 - 7 0' 

D H - 7 3  Ambient z 1 0 0 1  Hz z  ON 8 - 1 5  

DH - 8 0  Diffe r ential z z 1 0 1 0  O F F  0 - 7  
DH - 8 1  Ambi e nt 2 2 1 0 1 0  O F F  8 - 1 5  
D H - 8 2  Diffe r ential z 2 l O l l H24 ON 0 - 7  
DH - 8 3  Ambi e nt 2 2 I 0 1 1  Hz4 ON 8 - 1 5  

D H - 76 Diffe r ential z 1 1 0 0  O F F  0 - 7  
D H - 1 7  Ambient 2 1 1 0 0  O F F  8 - 1 5  
D H - 7 8  Diff e r e ntial z 1 1 0 1  Hz 1  ON 0 - 7  
D H - 7 9  Ambient z I 1 0 1  Hz l  O N  8 - 1 5 

D H - 8 6  Diffe r ential z z 1 1 1 0  O F F  0 - 7  
D H - 8 7  Ambient z z 1 1 1 0  O F F  8 - 1 5 
D H - 8 8  Diffe r ential 2 2 I I  I I  H2 3 O N  0 - 7  
D H - 8 9  Ambient 2 z 1 1 1 1  H2 3 ON 8 - 1_ 5  

NOTES: I I )  J•u st Heater ( H J  subsc. npt i s  probe num b e r  and s e c o nd sub s c ript d e note s p o s ition of h e at e r ,  with I on 
top and 4 on bottom of p ro b e .  

( 2 1 E a c h  pair of the above m<' a s u rements is s e le � ted . in turn, by exe cution of the H FE Heater Step s Command. 
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AH - 1  

AH - Z 

AH- 3  

AH -4 

AH - 5  

AH- 6  

AH- 7  

TA BLE 1 5  

HFE ANALOG (ENGINEERING) MEASUREME NTS 
(ALSEP Word 3 3 )  

Data F rame Range Accuraci 

Supply Voltage 1 1  2 9  0 - 1 60 ( octal) 5"/o full s cale 

Supply Voltage *Z 45 0 - 1 6 0 ( octal) 5"/o full s cale 

Supply Voltage * 3  5 5  0 - 1 60 (octai ) 5"/o full scale 

Supply Voltage #4 74 0 - 1 6 0 (octal) 5o/o full scale 

Spare 

High Conductiv ity 5 7  l .  5 - 2 . 5 volts  O N  
Heater Power Status 0 - 0 .  4 OFF 

Low Conduct ivity 7 5  1 .  5 - 2. 5 volts ON 
Heater Powe r Status 0- 0. 4 OFF 

Bits / Sample s /  
SamEle Sec. 

> 
8 . 0 1 8 5  r' Ul M 
8 . 0 1 8 5 "d 

I 
� 

8 . 0 1 8 5  ., I 
0 
0' 

8 • 0 1 8 5  

8 • 0 1 8 5  

8 • 0 1 8 5  

8 • 0 1 8 5  
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