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APOLLO LUNAR SURFACE  EXPER IMENTS PACKAGE 

e SYSTEM OBJECT I VES 
e BACKGROUND 

e EXPER I MENT SELECT I ON 
e ORGAN I ZAT I ON 

=-:-= • .e -;?::::-z;:�� ALSEP :>- J ._=a .C:� .--..--:!� ·--- .-----::�-� - � - �........ - � -::� 
-- c:.- ---- --- - - ·-- -- - - � 

;i1' c�-::• A PACKAGE OF SC I ENTI F I C  I NSTRUMENTS AND SU PPORT I NG ...;a. 

S U BSYSTEMS FOR USE ON THE LUNAR SURFACE 
e CARR lED ON APOLLO, DEPLOYED BY ASTRONAUT 
e ONE YEAR CONTI NUOUS OPERATI ON (2 YEAR MAX IMUM) 

OCT 67 5 178. 1 . 1  



ALSEP  SYSTEM O BJ ECT IVES 

DETERM I NE • I NTERNAL STRUCTU RE & COMPOS I T I ON 
LUNAR • STATE OF I NTER I OR 
CHARACTER I STI CS • COMPOS I TI ON OF ATMOS PHERE 

• GENES I S  OF SU RFACE FEATU RES 
TH I S LUNAR I NFORMATI ON WI LL PROVI DE NEW I NS I GHTS 

� I NTO THE GEOLOGY & GEOPHYS I CS OF THE EARTH. 

R PASS I VE 

SUPRA THERMAL 
I ON DETECTOR 

SE I SM I C  

LUNAR SURFACE 
MAGNETOMETER 

COLD 
CATHODE 
GAUGE 

SOLAR W I ND 
S PECTROMETER DEC 68 5178. 1 .2 



NASA NO. 
S031 
S033 
S034 
S035 
S036 
S037 
S038 
S0 58 
S0 59 

ALSEP EXPER IMENTS 

EXPER I MENT PR I NC I PAL I NVESTI GATOR 
PAS S I VE SEI SMI C DR . G. V. LATHAM , COLUMB I A  
ACT I VE S E I S M I C D R. R. L KOVACH, STANFORD 
MAGNETOMETER D R. C. P. SON NETT, ARC 
SOLAR w·I N D D R. C . W . SNYDER, JPL 
SUPRATHERMAL I ON D R. J . W. FREEMAN , R I CE 
HEAT FLOW DR . M. G . LANGSETH , COLUMB I A  
CHARGED - PART I CLE D R. B . J . 01BR I EN ,  R I CE 
COLD CATHODE GAUGE* D R. F. S .  JOHNSON, SCAS 
LUNAR F I ELD GEOLOGY•:<* D R. E . M. S HOEMAKER ,  USGS 
* I NCLU DED I N  SUPRATHERMAL I ON ON CERTA I N  FLI GHTS 
** EQU I P  PART IALLY CAR R I ED BY ALSEP 

MAY 69 5178.1.3 



ALSEP HARDWARE DE F I N IT IONS 

r--- -----------, "CENTRAL STATION" - ��� �B��� - I INCLUDES ONLY STRUCTURE/THERMAL ISTRUCTURE/THERMAL SUBSYSTEM INCLUDESI I ASSOCIATED WITH DATA SUBSYSTEM I ALL GENERAL STRUCTURE & THERMAL I & PCU 

�.£t!T� � �T�L�� --_J I �-----
11 

- -DATASuBSYSITM ----,1 � APOLLO 

w ANTENNA I 
LUNAR I I HAND 

L......... DIPLEXER I....o.- DIPLEXER I I RECEIVER ,..--- FILTER ,...- SWITCH II I TOOLS 
(CARRIED ON 

I + t II I ALSEP STRUCTURE, 

I 
COMMAND 

TRANSMITTER I L PART OF LGE) 
DECODER 

(REDUNDANT) II L.,;;; ----I (REDUNDANT) II COMMANDS ----

L---- --. Ill. I DATA DATA 
·n I PRocEssoR rELEcrRiC';LPo'wffisU'BsYmM �. (REDUNDANT) 

11 I POWER 
POWER I I • II 

EXPERIMENT 
SUBSYSTEMS 

I SUPPLY 
CONDITIONING I I 4 POWER II POWER I (RTG) 
UNIT II I DISTRIBUTI01'Nifll---�---� -_:: ��A�:=J L �T

--:...J �.!::::; ____________ � 
"CENTRAL STATION" MAY 69 5 178. 1 . 4 



ALSEP  F L IGHT ASS IGNMENTS 
e TO BE CARR I ED ON EARLY APOLLO FLI GHTS 
e THREE FL IGHT ART I C LES 
e ALL 7 EXPER IMENTS CANNOT BE CARR I ED S I MULTANEOU SLY 

ALSE P NUMBER 
EXPER I MENT ABBR I 3 

PASS I VE SE I SM I C  PSE X X 
ACT I VE SE I SM I C  ASE 
MAGNETOMETER LSM X 
SOLAR W I ND sws X 
SU PRATHERMAL I ON S I DE X 
HEAT FLOW HFE X 
CHARGED-PARTI CLE C PLEE X 
COLD CATHODE GAUGE* CC I G  X 

* I NCLUDED I N  SUPRATHERMAL I ON ON OTHER FLI GHTS 
ALL CONF I GU RAT I ONS HAVE S I MI LAR POWER AND 

DATA SU BSYSTEMS 

4 
X 
X 

X 

X 

APR 69 5 1 78 . 1 .5 



ALSEP ORGAN IZAT ION 

MSC 
LUNAR SURFACE PROGRAM OFFICE 

DRILL (PART OF HEAT FLOW) 
HAND TOOLS } 
SRC ALGE 
CAMERA 

PCU 

DIGITAL ELECTRONICS 

STRUCTURE/THERMAL 

FUEL CASK SUPPORT 

ALSEP DESIGN, 
INTEGRATION AND TEST 

G. V. LATHAM 

\, I I I I I 
=------. 
} R. L. KOVACH I I I 
I I 
' 
\ I I 
�------. } M.G. LANGSETH 
I I I , 

·CPLEE·-------- B.J. o•BRIEN 

MARSHALL 
LABS 

SIDE 

NOV 68 5178. 1 . 6  



LUNAR F I E LD  GEOLOGY 
NASA No. S059 

OBJECT I VE: PHYS I CAL PROPERTI ES; e. g., DENS I TY , CHEM I CAL COMPOS I T I ON, 
D I ELECTR I C  CONSTANT, ELECTRI CAL CONDUCT I VI TV, MAGNET I C 
SUSCEPT I B I L I TY , ALBEDO , COSM I C  RAY H I STORY. 

MEASUREMENT: I N  S I TU EXAM I NAT I ON , RETU RN SAMPLES 
EQU I PMENT: ASCENT STAGE - SAMPLE RETU RN CONTA I NERS ,  CAMERA 

DESCENT STAGE - APOLLO LUNAR HAND TOOLS (ALHT) 
CARR I ED ON ALSEP BUT NOT A PART 

ALHT OF THE ALSEP M I S S I ON 
TOOL CARR I ER 
SAMPL I NG HAMMER 
BRUSH 
SCOOP 
WE I GH I NG SCALE 
SAMPLE COLLECT I ON BAGS 
ETC. APR 69 5 178.1.7 



ALSEP EXPER IMENT O BJECT IVES 

OBJECT I VES 

EXPER I MENTS 

PASS I VE SE I SM I C X X 
ACT I VE S E I S M I C X X 
MAGNETOMETER X X X 
SOLAR W I ND X X X 
SU PRATHERMAL I ON X X X 
HEAT FLOW X X X 
CHARGED - PART I CLE X APR 69 5 178. 1 .8 

COLD CATHODE ION GAUGE X 



PASS IVE SE ISM IC  
NASA No. 5031 

OBJECT I VE: I NTERNAL SE I SM I C  ENERGY & STRA I N REG I ME , OVERALL 
PHYS I CAL PROPERTI ES (CORE/MANTLE, etc.), D I STANCE & D I REC
TI ON TO EP I CENTERS FOR CORRELAT I ON W ITH SURFACE FEATURES . 

MEASUREMENT: NATURAL SE I SM I C  
WAVE VELOC I TY, FREQUENCY, 
AMPLI TU DE & ATTENUATI ON; 
FREE OSC I LLAT I ONS & T l  DAL 
DEFORMAT I ONS 

EQU I PMENT: ONE VERT I CAL 
SHORT - PER I OD ELEMENT, 
THREE ORTHOGONAL LONG
PER I OD ELEMENTS 

APR 69 5178.1.9 



ACTIVE S E I SM I C  
NASA No. 8033 

OBJECT I VE: PHYS I CAL PROPERTI ES TO SHALLOW D EPTHS , 
FORMAT I ON PROCESSES 

MEASUREMENT: ART I F l  C I AL SE I SM I C  WAVE VELOC I TY , 
FREQUENCY, & ATTENUATI ON 

EQU I PMENT: ENERGY SOU RCES (THUMPER & GRENADES ) ,  
DETECT I ON EQU I PMENT (GEOPHONES & AMPL I F l  ERS ) 

B------....(-8- -
APR 6 9  5 178. 1 . 10 



LUNAR SURFACE MAGNETOMETER 
NASA No. S034 

OBJECTI VE: MOON1S F I ELD - SOLAR W I ND ,  GROS S ELECTR I CAL D I FFU S I V I TY , 
EX I STENCE OF MOLTEN CORE, EARTH ' S  TURBULENT WAKE, LOCAL MAGNET IC 
ANOMALI ES 

MEASUREMENT: MAGNffiC F I ELD VECTOR & I TS VAR I AT I ON W I TH TI ME; F I ELD 
GRAD lENT 

EQU I PMENT: THREE 
FLUX -GATE SENSORS 
ON ORTHOGONAL 
3-FT BOOMS 

DEC 68 5178.1.11 



SOLAR W IN D  SPECTROMETER 
NASA No. 5035 

OBJECTI VE: SOLAR W I ND - MOON , RAD I AT I ON EFFECTS ON SURFACE 
THROUGH S PUTTER I NG & CHARG I NG ,  P RESENCE OF ATMOSPHERE, 
GROSS ELECTR I CAL CONDUCT I V I TY, EARTH' S  TUR BULENT WAKE 

MEASUREMENT: POS I T I VE I ON & ELECTRON FLUX VAR I AT I ONS W I TH 
ENERGY, T l ME, & D I RECT I CN 

EQU I PMENT: SEVEN 
SENSORS COVER I NG 
2 n STERAD I ANS 

DEC 68 5 1 78. 1 . 12 



SUPRATHERMAL ION D ETECTOR  
NASA No. 5036 

OBJECT I VE: I ONOSPHERE/ATMOS PHERE CHARACTER I ST I C S ,  POS S I B I L I TY OF 
VOLCAN I C  PROCES SES , AMB I ENT ELECTR I C  F I ELD EFFECTS 

MEASUREMENT: FLUX, COMPOS I TI ON, 
ENERGY, & VELOC I TY OF LOW-ENERGY 
POS I TI VE I ONS; H I GH-ENERGY SOLAR 
W I ND FLUX; TOTAL PRES SURE 

EQU I PMENT: TWO CURVED - PLATE 
ANALYZERS (ONE W I TH VELOC I TY 
F l  LTER) , GROUND PLANE, COLD 
CATHODE ION GAUGE 

OEC 68 5178.1.13 



� I o 
0 0 
I 0 I 0 • 

H EAT F LOW 
NASA No. 5037 

OBJECT IVE: I NTERNAL TEMPERATU RE & COMPOS I T ION O F THE MOON. 
FROM TH I S , I N FERENCES CAN BE MADE ON LUNAR EVOLUT ION ,  
BULK COMPOS I T  I ON, CHEM ICAL SORT I NG, I NTERNAL ENERGY (IN
CLU D ING RAD IOACT I V I TY) , & NEAR-SU RFACE MATER I AL PROPERT I ES 

MEASUREMENT: TEMPERATURE GRAD lENT & THERMAL CON DUCT IV ITY TO 
DETERM I NE AVERAGE OUTWAR D HEAT FLUX AT THE SURFACE 

EQU I PMENT: APOLLO LUNAR SURFACE DR I LL; TWO P ROBES , 1-1 N. D I AM 
X 43 I N. LONG , W ITH H EAT I NG ELEMENTS & TEMPERATURE SENSORS; 
PROBES PLACED AT BOTTOM OF 10 - fT HOLES 

� 
I I 
I I 
0 l 

DEC 68 5 178. 1 . 14 



CHARGED -PART IC LE LUNAR ENV IRONMENT 
NASA No. 8038 

OBJECTI VE: ENERGY SPECTRUM OF LUNAR 
ATMOS PHERE, LOW-ENERGY COSM I C  
RAY PARTI CLES , SOLAR W I ND & 
MAGNETOSPHERE EFFECTS 

MEASUREMENT: ENERGY D l  STR I BUTI ON & 
VAR I AT I ON W I TH T IME OF ELECTRON 
& PROTON FLUX 

EQU I PMENT: TWO DETECTOR PACKAGES , 
EACH W I TH S IX DETECTORS 

APR 69 5178. 1. 15 



UNDER 
PREL IM 

ALSEP  AND  THE F UTURE  

ALSEP I S  A FORERUNNER I N  EQUI PMENT FOR LUNAR & S PACE EXPLORAT I ON 
CONSTRA I NED BY EARLY AVA I LA B I LI TY,  WE I GHT, AND S I ZE 

POS S I BLE FUTURE GOALS 

NEW EX PER I MENTS MULT I PLE LOCAT IONS 
• METEORO I D  S PECTROMETER • LATERAL VAR I AT I ONS OF G RAV I TY ,  ETC. 
• G RAV I METER • SE I SM I C PHASE VELOC I TY & D I RECT I ON 

DEVELOP- • LUNAR ELECTR IC FI ELD • MEAS UREMENT REDUNDANCY 

MENT •NEUTRAL MAS S  S PECTROMETER 
•OPT I CAL & RADAR OBSERVATOR I ES 

VEH I CLE - BORNE EXPER I MENTS 
• GEOCHEM I STRY & GEOPHYS I CAL TRAVERSE 

• DEEP D R I LLI NG 

OCT 67 5 178. 1 . 16 



SYSTEM REQU IREMENTS AND CONSTRA INTS 

e LM I NSTALLAT I ON 
e MASS PROPERT I ES 

e PRELAUNCH OPERAT I ONS 
e LAUNCH , FLI GHT AND LAND I NG 

e REMOVAL FROM LM 
e ASTRONAUT I NTERFACE 

e LUNAR ENVI RONMENT 
e DATA TRANSM I S S I ON AND RECEPT I ON 

e GENERAL D ES I GN CR I TER I A  

OCT 67 5178.2.1 



I NSTALLAT ION IN  LUNAR MODULE 
{--� 

-<. 

JAN 69 5 178 .2 .2 



PRELAUNCH  INSTALLAT ION 

I NSTALLAT I ON F I XTURE 
SUPPL I ED BY GRUMMAN 

JAN 69 5178.2.3 



ALSEP/LM GEOMETRY 
+Y 

DESCENT STAGf 

FORWARD ---1-----------
AFT + ------+--z +Z 

-Y 
OCT 67 5 1 78.2.4 



LUNAR SU RFACE 

MAGNETOMETER 

ANTENNA 

SOLAR WIND 

SPECTROMETER 

STOWED  CONF IGURAT ION ·  

SUPRA THERMAL 

I ON DETECTOR 

ANTENNA 

I ALSEP I I 

CARR I ER 
rALHT 

A I M I NG MECHANI SM 

PASSIVE SEISMIC EXPERIMENT 

SU BPACKAGE NO. 1 
JAN 69 5178.2.5 



LM  HARD  PO INTS 

BULLET P I NS (4) ON LM 
I N  REAR OF SEQ BAY 

---,.. -
, ' 

,.. ' ,.. ' / ...... 
"" ' / I '- ' / I ' ...... 

,' 1 ' A 
f' I ' / I  ' / I I ' I ,.. 

I ' I I ,.. I 
l 'i Y I I'' .. �J� 

:)r-:::' .t_ 
I 

I '  , .. ,..
, ' I I ' ..-" ,.. ' , ' �"' ,.. I ' I ' � / ', ' ..... ,.. ' I 

� / ' 
.. .... v "' I 

I 
I 
I 
I 
I 
I 
I 

TABS (4) ON S I DES OF 
ALSEP (ENGAGE BY 
RA I S I NG ALSEP) P I P  P I NS (4) 

JAN 69 5178.2.6 



MASS PROPERT IES 

RESTR I CT I ONS 
MAX WT I N  DESCENT STAGE= 210 LB 
LOAD lNG IN BOTH COMPARTMENTS: 

M I N I MUM WT = 50 LB 
MAX I MUM WT = 215 LB 
(EXTERNAL CASK NOT I NC ) 

5 
NG 

EXPER I MENTS 50. 7 LB 
POWER (GFE ONLY) 68. 2 
LM ALLOWANCE 5. 0 
ALHT 18. 0 
ALL OTHER (CFE) 140. 8 

""'"1 """"""'"""""""'o
"""'
K�

o.v TOTAL 2 82. 7 LB 
4 3. 75 I 

__ _j_ __ ___ __ _ 

C G D l  STANCE FROM 
GEOMETR I C  CENTER 3 
OF COMPARTMENT 2 
( I NCHES ) 

1 

I 
I 
I 
I 
I 
I 
I 
I 

70 80 90 100 
WEIGHT, LB 

110 120 
JAN 69 5178.2.7 



PRELAUNCH  OP ERAT IONS 

e STORAGE U P  TO 2 YRS I N  CONTROLLED ENV I RONMENT 

e CHECKOUT P R I OR TO LM I N STALLAT I ON ( I NC MSFN TESTS ) 

e LM I NSTALLAT I ON I N  LAND I NG G EAR CHECK F I XTU RE 
( BEFORE� F-60 DAY S )  

e OPERAT I ONS AFTER SIC STACK I NG 
FUEL  CAS K  I NSTALLAT I ON ON LM 
BATTERY I NSTALLATI ON FOR ALS D, I F  CAR R I E D  
FUEL CAP S U LE I NSTALLAT I ON I N  CAS K  

e HEAT REMOVAL F ROM CAS K  V I A  COND I T I ONED A I R 
( 1500 WATTS, NOM I NA U 

OCT 67 5 178.2.8 



GROUND  SUPPORT EQU I PMENT 
SYSTEM TEST SET 

PROV I DES COMPLETE U PL I NK, D OWNLI NK 
& C HEC KOUT FUNCT I ON S  FOR FACTORY, KSC & 
DUR l N G  MS FN TEST 

PROGRAMMER 
UPLI NK & DOWN L I N K  
SElF TEST 

EXPER I MENT AUX I L I AR I E S  

MOST SENSORS CANNOT 
BE OPERATED I N  EA RTH 
ENV I RONMENT. THEREFORE, 
FlUX TANKS & VACUUM 
CHAM BERS  A RE P ROV I DED  
FOR ll M I TED END-TO-EN D 
TESTS 

MEC H  HAN D L I NG  EQU I P  

lM I NSTALLAT I ON F I XTU RE 
S PEG I AL EQU I PMENT 

FOR RTG FUEl CAPSUlE 
APR 69 5178.2.9 



LAUNCH , F L I GHT  AND  LAND IN G  

(STOWED  I N  S EQ BAY ) 

e ALS E P  I NACT I VE (NO E LECTR I CAL  I NTER FACE) 

e LAU NCH S HOC K & V I B RATI ON (TY P I CAL  S PACECRAFT ENVI RONMENTS ) 

e SEA LEVEL P RE S S U RE TO S PACE VACU UM 

e TEMPERATU RE CONTROLLED  BY LM: 0°F TO 160°F (MAX I MUM 
VALUE OCCU RS  POST - TOU C H DOWN)  

• HEAT LOAD S  F ROM CAS K TO LM <100 BTU/ HR I ·TENTAT IVE I 
e TOU C H DOWN DYNAM I C LOAD S :  8g FOR 10 - 20 MS (ANY AX I S ) 

P LU S  14 RA D/SEC2 ROTATI ON AC CEL (AROU ND LATE RAL AX I S ) 

OCT 67 5 178.2. 1 0  · 



REMOVAL FROM LUNAR MODU LE 

• BOTTOM OF SEQ BAY 18 I N. TO 60 I N. FROM S U RFACE 
& + 15 o Tl  LT (ANY D I RECT I ON)  

• C LOSE LM DOOR FOR THERMAL I NTEGR ITY 

• LAN D I NG LOCATI ON W I TH I N± 5° FROM EQUATOR & + 45° E - W 

• LM PRO BA BLY LAN D S  FAC l N G  NW OR SW 

• SUN ANGLE 7 ° TO 20° ( POS S I B LE 45 o ) 
A BOVE HOR IZON AN D R I S I NG 

• ALHT REMOVAL SEPARATELY OR 
A TI AC HED TO ALSEP 

JAN 69 5178.2.11 



ASTRONAUT INTERFACE 

SAFETY 

B I OMED :  W I TH I N EXERT I ON AND L I FE S U P PORT L I M I TATI ON S  

TEM PE RATU RES :  N O  CONTACT W I TH EXTREMELY HOT S U R FACES 

PU NCTU RES : NO S HARP E D G ES , ETC.; NO HAZAR DOU S PYROTE CH N I C S  

CAPA B I L I TY 

MO B I L I TY: L I M I TAT I ONS ON REACH (U P & DOWN) ,  KNEEL I NG , TW I ST I NG ,  ETC. 

DEXTE R I TY: KNO B S  & HAN D LE S  S I ZE D  TO F I T  G LOVE S ,  M I N I MU M  U S E  OF F I NE 
A DJU STMENTS , FEW E LECTR I CAL  CONNECTORS MATED ON MOON 

V I SUAL: I ND I CATORS (LEVE L l  NG & Al l G NMENT) P RO V I  DE  H I G H  CONTRAST; 
STR I PES ON PAC KAGE E D G ES WHERE THERMAL DES I G N PERM I TS 

OCT 67 5 178 .2 . 1 2  



BARBELL CARRY 

• ALLOWS ALL EQU I PMENT TO BE CAR R  I ED  BY ONE MAN 
I N  ONE TRAVERSE  

• SU I TCAS E  HANDLES  FOR TWO-MAN OR BACKU P 
CARRY MODE  

• G I VES GOOD BALANCE & VI EW OF  FEET 

• EQU I VALENT EARTH WE I GHT � 35 LB 
• MAY BE SET DOWN 

TO REST 

• CA RRY BAR LATER 
U S E D  AS ANTENNA 
MAST 

APR 6 9  5178.2.13 



ASTRONAUT P LSS CONSTRA INTS 

2500 FT COMM L l  M I T  

:?: 1000 0 
8: 800 
Ll.J 
u z 
<( 
I
(/) 
-

0 

P LS S  (T I ME OF FA I LU RE OF 
S U I T  C l  RCU LAT I ON S YSTEM) 

SAFE 
ALSEP DES I GN I N PUT, MAY NOT 
R E PRES ENT PRES ENT PLS S 

TYP I CAL  / DEPLOYMENT 
_ ____,_ 

(ALS E P  1) 

0. 5 1. 0 1. 5 2. 0 2. 5 3. 0 
T I ME F ROM EG RES S ,  H R  

J AN 69 5 1 78.2. 14  



DEPLOYMENT FOR  ALSEP  1 

&�oo "Fr BASED oN
-- -- -- · 

-�R LM ASCENT BLAST W I TH 
100% SAFETY FACTOR 

"'-- �"- � S OLAR W I ND 
S PECTROMETER 

S U P RATHERMAL W 
I ON DETECTOR 

- - --- � - -

MAG NETOMETER 

JAN 69 5 178.2. 1 5  



LUNAR ENV IRONMENT 
(S PEC I F I CAT I ON LED 520 - I D ) 

SU RFACE TEMPE RATU RE : - 300° F TO +250° F 

S U R FACE S LOPE S :  LE S S  THAN 12°11EFFECT I VE" S LOPE OVER S PAC I NG OF 
LM LAND I NG G EA R  (SELECTED S I TE S ). S E LECTA B LE LOCATI ONS FOR 
ALSE P LES S  THAN 5° S LOPES 

BEA R I NG STRE NGTH:  COM B I NA Tl  ON OF S OFT (l P S I PENETRATES 4 I N.) 
& HA R D  ( I NF I N I TE LY R I G I D ROC K) 

FR I CT I ON COE FF I C l ENT:  0. 4 to 1. 0 

OPTI CAL P ROPERT I E S :  LU NAR NORMAL ALBE DO (0. 047 OVE R SOLA R  
S PECTRUM, 0. 098 0VE R  V I S I BLE S PECTRUM) P LU S  U N I QUE D I RECT I ONAL 
REFLECT I V I TY 

P RES S U RE:  LES S THAN 10- 12 TOR R  

M l  C ROMETEORS : M S C  DOCUMENT D S - 2 1  A P P L I E S  

RAD I AT I ON :  NEGL I G I BLE EFFECT O N  SYSTEM E LECTRON I CS FO R ONE
YEA R  OPE RAT I ON OCT 67 5178.2. 1 6  



DATA TRANSM ISS ION  AND R E CEPT ION 

MAX IMUM COMPAT I B I L I TY W I TH APOLLO 
PROCEDURES & HARDWARE AT MSFN 

t.R ,.t ... � NON- I NTERFERENCE W I TH _q oR '?>t_\\ _,- ---�rl APOLLO COMMUN I CAT I ONS 
t.RROR \\) N\��� �N\�\-) 

Ot £>\\ �\co� �� ,�o t.R 

WORLD - W I DE 
REMOTED S I TES 
OF MSFN 

�£>\'.-\\i � u\ttt.Rt� \st.C u�A oR £>t.\\ 
\'R0'0\}\'1..\�\<. J!..:\�ff.} 'O�RROR \\) 

:,_..,-o\N � \.: � £> \\ ___. � U 
�£>\'.-\\'{a ONE YEAR CONTI NUOU S OPERATI ON -- ?RO'?> CAPA B I L I TY FOR HANDL I NG 

3 ALSEPs S IMU LTANEOU S LY 
T IMER TU RN-OFF (2 YEAR) I N  

CASE OF COMMAND ����!!oi-,. MALFUNCT I ON 
CONTROL 
CENTER 

MON I TOR REAL-TI ME DATA 
I N I TI ATE COMMANDS 
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ANTENNA PO INTING  R EQU IR EMENTS 

LU NAR L l  B RATtON: AN APPARENT WOB BL I NG MOT I ON AS V I EWED FROM THE 
EARTH; CAU SES EQU I VALENT EARTH MOTI ON I N  LUNAR COORD I NATES 

P R I NC I PAL EFFECTS :  
± 7. 5° LU NAR LONG I TU DE DUE TO: 

CONSTANT ANGU LAR RATE OF MOON A BOUT ITS  AXIS 
VAR I A BLE ANG U LAR RATE I N  ELLI PTI CAL OR B I T  AROU ND EARTH 

± 6. 5° LU NAR LATI I TU DE D U E  TO: 
I NCL I NAT I ON OF MOON'S ROTATI ON AX I S  TO I TS ORB ITAL P LANE 

SECONDARY EFFECTS: 
NON-S PHE R I CAL  EARTH & MOON 
S OLAR PETU R BAT I ONS 
G YROS COPE & PENDU LUM COU P LING 

COMB I NED EFFECTS: PATTERN CHANGES 
MONTHLY & YEARLY 

ALSEP ANTENNA: 22° BEAM W I DTH DOWN S -4�-----W-+----+-=-�.,..q....,...:....__::.=.:...::; 
4. 2 db A I MED AT MEAN C ENTER OF PATTERN.....� 

- s_'"=-g--_....�:-4 ----=o------l4=-----:!s 
LUNAR LONG I TU DE- DEGREES 

JAN 69 5 1 78.2. 1 8  



REQU I REMENT 
APOLLO 
COMPA Tl B l  Ll TY 

3 ALSEPS 
S I MU LTANEOU S LY 

B I T  ERROR 
RATE 

2- YEAR 
T IMER 

ALSEP /MSFN I NTERFACE 

RESOLUTI ON 
S-BAND EQU I PMENT, ESSENT IALLY SAME AS APOLLO; 
SCHEDULE SEPARATE MSFN S ITES FOR A POLLO & ALSEP 

U PL I NK 
ONE FREQ (2119 MHz) BUT 
UN I QUE COMMAND ADDRES SES 
FOR UP TO 4 A_LSEPS 

10-9: 10 KW XMTR POWER 
& 15 d� ALSEP ANTENNA 

MSFN 30 - ft 85- ft 
S IN MARG I N  ·+28 db +35 db 
NOTE: XMTR TUN I NG FOR 

MAX POWER I S  NOT 
CR I TI CAL (ASSUMED 
30-M I N TURN-AROUND 
APOLLO TO ALSEP) 

DOWNLI NK 
USE DUAL S I TES; THREE XMTR 
FREQUENC I ES (2276. 5, 2278. 5 
& 2275. 5 MHz) 

10-4: 1 WATT M I N XMTR POWER 
& 15 db ALSEP ANTENNA 

NORMAL B I T  RATE = 1. 06 KBPS 
LOW B I T  RATE = 0. 53 KBPS 

(CONTI NGENCY) 
H I GH B I T  RATE = 10. 6 KBPS 

(ACTI VE SE I SMI C,  ON REQUEST) 
SIN MARG I N: 

MSFN 30-ft 85- ft 
1. 06 KBPS +7. 2 db H I  
10. 6 KBPS LO +6. 5 db 

BUlOVA ACCUTRON 
720 ± 30 DAYS 

NOV 67 5 178.2.19 



SP EC IAL  C OMMUN I CAT I ONS  FEATURES 

U PLI N K  

• ALTHOUGH ALSEP  WAS AUTOMATED I N  ORI G I NAL 
CONCEPT, I T  NOW DE PENDS ON ACT I VE U S E  OF 
MANY COMMANDS 

• 100 POSS I B LE COMMANDS BUT EACH A LS E P  USES 
65 to 75 

• NO COMMANDS REQU I R l  NG PREC I S E  T I M I NG 
( + lO SEC I N  P S E  FORCED LEVEL I NG )  

• COMMAND CAPA B I L ITY W ITH I N  15 M I N  H I GH LY 
DES I RED FOR � 15 O N/OFF S W ITC HES  

• ALSEP  RECEPTI ON & I DE NTI F I CATI O N  O F  COM
MANDS I S  VER I FI ED V I A TM 

• U P LI N K  1000 B P S ,  61 B l  TS PER COMMAND 
• COMMAN D  RATE NO MORE THAN l!SEC 

DOWNL I N K  

• N O  DATA STORAGE I N  A LS EP; HENCE , A L L  DATA 
TRANS M I TTED I N  NEAR REAL T I ME & 100% 
COVERAGE I S  DES I RED 

• NORMAL MODE ( l. 06 K B P S )  HAS 64 10- B I T  
WORDS /FRAME �o. 604 SEC/FRAME 

• LOW B I T  RATE HAS S AME FORMAT 
� l. 208 SEC/FRAME 

• H I GH B I T RATE I S  S PEC I AL FORMAT FOR ASE  
• EXCEPT FOR ASE ,  NO  WORDS CAN BE I NTERCHANGED 

BETWEEN EXPERI MENTS , ALL EXPER I MENTS O PERATE 
FU LL-TI ME & DATA I S  I NTERLACE D I N  FORMAT 

• APPROX D I S TR I BUTI ON OF DATA: 
5% SYNC,  10% HOUSE KEEP I NG , 85% S C I ENCE 

• START-U P WH I LE ASTRONAUT I S  ON S URFACE & BEG I N  I N I T I AL I NTERROGATI ON 

• DUST COVERS ON PARTI CLE EXPERI MENTS REMOVED AFTER LM ASCENT 

APR 69 5178.2 .20 



MSFN/MCC SUPPORT R EQU IR EMENTS 

• ALL RECE I VED DATA MUST B E RECORDE D BY MS FN (UP TO 3 ALSEPS ) 
• EACH ALSEP MUST BE MON I TORED REAL-TIME FOR F l RST 
45 DAYS ( i . e. , THROUGH SECOND SUNSET) FOR CR I T I CAL 
THERMAL TRANS l ENTS PLUS SC I ENCE 

• AFTER 45 DAYS , REAL-TI ME MON I TOR I NG FOR 2 
CONTI NUOUS HR PER 24 REQ' D (2 HR PER 8 HR DES I RED) FOR REMA I N DER 
OF YEAR 

• ADD I TI ONAL CONTI NUOUS COVERAGE REQU I RED FOR 60 
HOURS EACH TERM I NATOR CROSS I NG (26 Tl MES PER YEAR PER ALSEP ) 

• FOR MULTI PLE ALSEPS ,  USE TI ME-SHA R I NG OF I NTERM I TlENT 
MON I TOR I NG (NO MORE THAN TWO S IMULTANEOU S LY I N  REAL TIME) 

• H I GH B I T RATE FOR ASE ( 10. 6 KBPS ) TO BE COMPRES SED TO LESS 
THAN 2.4 KBPS FOR TRANSM I S S I ON FROM REMOTED S I TES TO 
MCC. NO OTHER ALSEP MON ITORED REAL-T IME DU R I NG ASE 
OPERATI ONS 

• PROFI LE OF ALSEP OPERATI ONS DAY/N I GHT TO BE DETERM I NED 
OCT 68 5 178.2 .21 



STAT ION SELECT ION F OR  ALSEP 

GDS 
CNB 
MAD 

HAW 
GWM 
ACN 

(MOON DECLINATION MAXIMUM NORTH) 
PR IMARY ALSEP SUPPORT STAT I ONS (85-FT) 

: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 TENTAT IVE I 
SECONDARY ALSEP SUP PORT STAT IONS (30-FT) 

I I I I I L 
' 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 I I I I 180W 120 80 40 0 o 40 80 120 180 E 
ANTENNA COVERAGE ZONES (5 o HOR I ZON) ocr 67 s17s.2.22 



' 

STATION SELECT ION FOR ALSEP  

GDS 
CNB 
MAD 

HAW 
GWM 
ACN 

I 

.I 
180W 

I 
I 

(MOON DECLINATION MAXIMUM SOUTH) 
PR IMARY ALSEP SUPPORT STAT I ONS ( 85 FT) -

II '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 TENTAT IVE I 
SECONDARY ALSEP SUPPORT STAT I ONS (30-FT) 

I 
' 

I 

I I I I 

i ' I 
I I 
I I 

: I I 
I 

I I 
I I .·. 120 80 40 

I 
I 

I I I I 

I I I I 

I I I 
I 

I I I I I I I I I l I 
• Q I 2. I 0 40 80 120 

ANTENNA COVERAGE ZONES (5°HOR I ZON) 

I 
I 

I 

I 
I 

I 
180E 
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GEN ERAL  D ES I GN  C R ITERIA 

CREW SAFETY: NO SHARP EDGES , CONTACT W I TH HOT SURFACES , 
EXPOSED H I GH VOLTAGE PO l NTS , OR HAZARDOUS 
PYROTECHN I CS (USE ONLY AS I )  

THERMAL DEGRADAT I ON: SYSTEM MUST PERFORM WHEN S URFACES 
ARE FULLY DEGRADE D BY DUST OR UV 

FA I L  SAFE: MALFUNCTI ONS MUST NOT P ROPAGATE SEQUENT I ALLY 
PART I AL OPERAT I ONS: SYSTEM MUST PERFORM WHEN ONE OR MORE 

EXPER IMENTS ARE NOT DEP LOYED OR HAVE FA I LE D 
MATER I ALS: W I THOUT NASA APPROVAL, NO FLAMMABLE , TOX I C ,  

O R UNSTABLE MATER I ALS & NO PLAST I CS EXCEPT 
EPOXY RES I N- BASED COM POUNDS , TEFLON, OR MYLAR 

EM I :  ALSEP COMPONENTS SHALL NE I THER BE A SOU RCE OF EM D I S 
TUR BANCES NOR BE SUSCEPTABLE TO EXTERNAL SOURCES 

GROUND I NG: SEPARATE POWER & S I GNAL RETU RNS ; ONE COMMON 
GROUND PO l NT I N  THE DATA SU BSYSTEM; SH I ELDS 
CONNECTED TO CHASS I S  G ROUNDS AT BOTH ENDS 

NOV 67 5 1 78.2.24 



SYSTEM LEVEL D ESCR I PT IO N  

PASS IVE 
SE I SM IC 

TELEMETRY 

6.> 

ACT IVE 
OTHER SE I SM I C  

COMMANDS  & T I M I NG ALSEPS  •---.-- - --
POWER 

------

SOLAR W IND 
SPECTROMETER 

ALSEP 1 
EXPER IMENT SU BSYSTEMS 

DATA 

SUPRA THERMAL 
ION DETECTOR 

CHARGED 
PART ICLE 

APR 69 5178.3.1 



SYSTEM FUNCT IONAL  D IAGRAM 

COMMANDS 
T IM ING 
POWER 
DATA 

DEC 67 5 178.3. 2 



SYSTEM HARDWARE L IST 

S TRU CTU RE/THERMAL S U BSYSTEM 

(1) 
SU BPAC KAGE #l STRU CTU RE, S U BPAC KAGE #2 S TR U CTU RE ,  THERMA L CONTROL,  
EX PE R I MENT MOU NTI NG P ROV I S I ON S ,  TE LEMETRY S ENSORS/DU ST  DETECTO R ,  ,._ 

AS TRONAUT TOOLS, ANTENNA MA ST, FUEL CAS K  MOU NTI NG AND I NS U LATI ON. 

(3) + (2) (5 ) t (4) p...;.:-__.__ 
ELECTR I CAL DATA SU B SYSTEM EX PER I MENT A POLLO 
POWE R 

ANTENNA 
S U B SYSTEMS LU NAR 

SU BSYSTEM 
D I P LEXE R F I LTER PAS S I VE HAND 

RTG 'V SE I SM I C  TOOLS 
, ACT I VE PCU D l  PLEXE R 

POWE R RECEI VE R  SWI TC H  
S E I SM I C 

� ....... 
D I S I PAT I ON COMMAN D < TRANSM I TTER 

MAG NETOMETER 

RES I STORS DECODER DATA SOLA R  W I ND 

FUEL CAS K � 

, P ROCES SOR 
S U P RA THERMAL 

FUEL TRAN S FER I ON DETECTOR 
A 

TOOL 
'

POWE R D I STR I BUT I ON AND
' HEAT FLOW 

DOME REMOVAL TOOL S I G NAL C OND I T l  ONER C HARGED-
PART I C LE 

NOV 67 5 1 78.3 . 3  



FIG. 1-1 

ALSEP  1 SYSTEM G EOMETRY 

N 

w4E 
s 

SHOWS ONE SOLUTION TO 
THE GEOMETRIC CONSTRAINTS 

DEC 67 5178 .3.4 



ALSEP  1 SYSTEM DATA F LOW  

SUPRATHERMAL ION 
DETECTOR (5 WORDS) 
CONTAINS SCIENCE 
PLUS 195 ENG & 
STATU S PARAMETERS 
(COMMUTATEDl 

COMMAND 
VERIFICATION j 
(1 WORD) l 
CONTAINS CMD AS 

RCVD & MAP 

90-CHANNEL ANALOG MULTIPLEXER 
il WORD) CONTAINS: 

65 ALSEP ENG PARAMETERS 
8 PASSIVE SEISMIC ENG PARAMETERS 

2 SUPRA THERMAL ION ( SC lENGEl 
---

15 NOT U SED ON ALSEP 1 

CONTROL GROUP (3 WORDS) 

0. 604 SEC (NORMAL) 

\4 y� 

' 

PASSIVE SEISMIC 143 WORDS) 
/CONTAINS SCIENCE PLUS 1 

, ... - COMMUTATED TEMP 

LUNAR SURFACE 
-------MAGNETOMETER 17 WORDS) 

CONTAINS SCIENCE PLUS 1 
HK WORD WITH 8 ENG 
PARAMETERS (COMMUTATEDl 
& STATU S FLAGS 

' ... , SOLAR WIND SPECTROMETER 
''14 WORDS) CONTAINS SCIENCE 

PLUS 92 ENG & STATUS PARAMETERS 
ICOMMUTATEDl 

OCT 68 5 178.3. 5  



STRUCTURE/THERMAL 

SUBSYSTEM CHARACTER IST ICS  
PHYSICAl PARAMETERS COMPON E N TS 

SIZE, IN.: VARIOUS l SUBPACKAGE Ill J I SUBPACKAGE 112 I EARTH WT, LB: 70. 02 TOTAL 
SUB  PACKAGE Ill SUB  PACKAGE 112 EXTERNAL 

21.91 24. 45'' 14.6 I PRIMARY � H SUNSHIELD I PALLET � H SUBPALLET 
* INC 0. 66 DUST DETECTOR STRUCTURE 

POWER, W: DUST DETECTOR 0. 54 ON, 0. 07 OFF I CURTAINS .� HEXPER MTG I RTG CABLE � S PECIAL 
P ROVISIONS STORAGE 

H 
TOOLS ETC. 

O P ERATIONS I I I ANT AIMING MECH I DEPLOYMENT: LOCATE 300FT FROM LM, TM INC DUST 

ORIENT±. 5° WRT SHADOW, 
REMOVE EXPERIMENTS & ERECT COMMUNICATIONS 

SUNSHIELD, CONNECT MAST COMMANDS :  2 FOR DUST CELLS ON/OFF 
APPROX TIME, NOT INC TRAVERSE, 5 FOR HEATERS 

8 MIN DATA: 19 ANALOG ENGINEERING PARAMETERS 
POST DEPLOYMENT: TURN DUST DETECTOR ON (INC 6 FOR DUST) SAMPLED ONCE EACH 

PRE-ASCENT PER 54 SEC ALSEP SEQUENCE 

KEY FEATURES 

LM WEIGHT INCLU DES 5. 00 LBs FOR CASK MOUNTING PROVISIONS (NOT PART OF ALSEP BU DGET) 
TO COVER NECESSARY REINFORC l NG & TIE-POINT FITIINGS. ORIGINALLY SPEC I FlED AT 3. 00 LBs. 

FUEL 
CASK  
MTG & 
INSUL 

APR 69 5 1 78 .3 .6 



STRUCTURAL COMPONENTS 
SU BPAC KAGE # l ( 21 . 91 LB) SU B PACKAGE # 2  ( 24. 43 LB ) 

OCT 68 5 178.3. 7 



THERMAL CONTROL  

PHI LOSOPHY: EACH SEPARATE 
U N I T  CONTROLLED I NDEPEND
ENTLY EXCEPT FOR ELECT
R I CAL HEATER POWER 
REQU I REMENTS 

RTG 
CENTRAL E LECTRON !  CS C B C J 
PASS I VE S E I S M I C  t-----t�p -+�p��p -+-...;_4--.:..

K 
-1 

MAGNETOMETER SIT S J 
S U PRATHERMAL I ON T L 
SOLAR W I ND S E S l 
CHARGED- PART! C LE T K 
ACTI VE SE I SM I C  CIA CIA A l 
HEAT FLOW C /H C/H B C L 

J = COMMAND OVERR I DE OFF 
K = COMMAND OVE R R I DE ON/OFF 
l =NO COMMAND OVERR I DE 

LEGEN D  

R = TOP & All S I DES  
C =COM B I NED TOP & S U N S H I E LD 
SIT= S FOR E LECTRO N I CS,  T FOR SENSORS 
CIA= C FOR MORTAR PACKAGE ONLY 
C/H = C FOR P ROBE E LECTRON I CS ONLY 
T =TOP ONLY 
S = S I DES ONLY (NORTH & SOUTH FOR 

MAGNETOMETER, SOUTH ONLY 
FOR SOLAR WI ND)  

I =I NS U LATED FROM LUNAR S U R FACE 
P =COU P LE D  TO LOCAL LUNAR S U R FACE 
E =EXTENDS OVER RAD I ATOR ON S I DE 
B = B l  D l  RECTI ONAL, EAST & WEST 
A =All S I DES ON MORTAR PACKAGE 

NOV 67 5 178.3 . 8  



SUBPACKAGE #1 THERMAL COMPONENTS 

THERMAL PLATE 

THERMAL BAG 

.
REFLEcroy 

" S I DE 
I NSU LAT I ON CURTA I NS ·MASKS 

PR IMARY 
,..__STRUCTURE 

( REF) OCT 68 5 178.3 . 9  



EXPER IM ENT MOUNT ING  PROVIS IONS 

LSM S I DE 

ATIACHMENT 
� BY 75° ROTAT ION 

�� BOYD BOLT 
��� FASTENERS 

APR 69 5 178.3. 1 0  



DOME "' �  
REMOVAL TOOL � 
(PART OF ELECTR I CAL 
POWER SU BSYSltM) 

SPEC IAL  TOOLS 

ALL WEI GHTS ARE EARTH LB 

U HT 0. 53 LB 
EACH 

MAST L 30 LB, 
TOTAL 

(ONE HALF 
SHOWN) 

14. 6 LB FUEL CASK MOUNT & I NSULATI ON, PART OF STRUCTURE/THERMAL 
SUBSYSITM, COVERED UNDER ELECTR I CAL POWER SU BSYSTEM APR 69 5 178.3. 1 1  



STRUCTURE/THERMAL TELEM ETRY 

CODE AT, AX, ETC., 
INDICATES DATA VIA 
ALSEP ANALOG MULTIPLEXER 
(READ OUT ONCE PER 54 SEC )  

TOTAL 19  PARAMETERS 

AT-03 
THROUGH 

AT- 07 
ON 

THERMAL 
PLATE 

AT-11 P R I/ST W3 
(ON BACK PANEL) 

SUNSHIELD 1 (OUTSIDE) 
SUNSH I ELD 2 (INS I DE) 

DUST DETECTOR:  3 CELLS WITH 3 TEMPERATURE 
SENSORS (BEHIND CELLS ) 
MOUNTED ON TOP & E-W FACES 

AT- 12 1 NSUL INT (ON WALU OF CU BE; AX-01 THROUGH AX-06 
AT- 13 I NSUL EXT (ON WALU EARTH WT, LB: 0. 66 

COMMANDS:  DUST CELLS ON/OFF 
(CELL OUTPUT ONLY) 

AT-08 PRIIST W1� � AT- 10 PRIIST B1 (ON BOTTOM) 
AT-09 PRI/ST W2 (ON OPPOSITE WALL) 

OCT 68 5178.3.12 



ELECTRON I CS  COMPARTMENT 

Q THERMAL PLATE TEMP SENSORS (TM) 
(!) D S S  HEATER THERMOSTATS 
CJ DSS & BACKU P HTR ELEMENTS 

PART OF 
ELECTRI CAL 
POWER 
S U BSYSTEM 

RCVR 

------- _j 

XMTR B 

XMTR A 

D I PLEXER 
Fl LTER 

DATA 
PROCESSOR 

�------ l@]ffi] 
COMMAND 
DECODER 

__ 0 (!} '-----� 

, ANAlOG El 
: MULT I 
I PLEXER 
I 
I 

OCT 68 5 178.3. 13 



ANTENNA AND  A IM I NG  MECHAN ISM 
PHYSICAL PARAMETERS 

MOD I F l E D  AX I AL HE LI X 

PERFORMANCE 

23 I N. LONG x l. 5 I N. D I AM, 15 op I TCH 

5 I N. GROUN D P LANE WI TH 2 I N. 

R I GHT HAND C I RC. POLAR I ZE D  . 

GA I N ON BORES I GHT, db rr.JR �2¥ 
GAI N AT±27°, db ll. 5 11. 0 CYLI N D R I CA L  S K I RT 

EARTH WT, LB: l. 28 I NC CA B LE 

PHYS ICAL PARAMETERS 

S I ZE, I N: 10. 8 x 6. 0 x 4. 7 

EARTH WT, LB: 2. 00 

( I NC I N  STRUCTURE/THERMAL) 

ANTENNA 
A I M I NG MECHAN I SM 

DEPLOYMENT OPERATIONS 

SET COARSE & F l  NE ELEV ! TA BLE PLUS 

SET COA RSE & F I NE AZ ) VO I CE BACKUP 

LEVEL, ALI GN  S HA DOW, RECHECK LEVEL 

A P P ROX T I ME, 9 M I N  

KEY FEATURES 

RANGE OF ADJUS TMENT: AZI MUTH± 90°, ELEVATI ON± 50°WRT VERTI CAL, LEVEL± 6°, 

SUN ± 15° WRT MAST 

MAX. E RRORS :0. 99°, DUE TO MFG, MOUNTI NG, THERMA L D I STO RTI ON, & BACKLASH 

NOV 67 5178.3 . 1 4  



DATA SUBSYSTEM CHARACTER IST IC S  

PHYSICAL PARAMETERS 
SIZE, IN. EARTH WT, LB POWER, W 

DIPLEXER Flll£R 
RECEIVER 
DECODER 
DIPLEXER SWITCH 
TRANSMiffiRS (21 
DATA PROCESSOR tAl 
DATA PROCESSOR (01 
PDU 

6. 88 X 2. 5 X 2. 5 
8x4x us• 
6.25x3.94x2.8• 
4.5x4xl.3 
7. 5 x 2. o x 1. 5 teal 
5.9x4.2x2.62 
6.25x3.94x2.8• 
7.25x4.0x2.8 

• NOT INC CONNECTOR TOTAL 
•• FOR XMTR "Y" 

0. 90 
1.84 I. 32 MAX 
2. 70 I. 40 MAX 
1.28 o.1s•• 
113 teal 9. 50 MAX teal 
2. 20 I. 44 
3.03 0.50 

� J:l2.. 
16. 57 15.91 

!NOT INC ANTENNA) 

COMMANDS: 
COMMUNICATIONS 

DATA: 
•12 FOR EX PER PWR OPER/STBY/OFF 

•13 SPECIAL CMOS FOR: 
BIT RATE ( 3) 
DSS PROC SEL !21 
XMTR SEL!2l 
XMTR ON/OFF t2l 
TIMER OUT ACCPT/INHI B !21 

24 ANALOG ENG PARAMETERS 
2 ANALOG SIGNALS FOR PDU 

SWITCHES !EX PER STBYl 

• SAMPLED ONCE EVERY 54-SEC 
ALSEP SEQUENCE 

• ADDITIONAL WORD IN DATA FORMAT 
PROV IDEO FOR "CMD AS RCVD" 
&"CMD MAP" 

DISPLAY: ANALOG CHARTS OR TABULAR PRINT /TV PLUS EVENT LIGHTS 

KEY FEATURES 
MODULATION: UPLINK, I & 2 KHz BI-PHASE 

DOWNLINK, PCM SPLIT-PHASE 

REDUNDANCY· 

RCVR AT CIRCUIT LEVEL 

CMD ESSENTIALLY DUAL(" A"& "B"l 
DECODERS WITH INDIVIDUAL ADDRESSES 

DATA ESSENTIALLY DUAL ("X" & "Y"l 
PROCESSORS 

XMTR COMPLETE DUAL ("A"& "B"l 
WITH ONE IN STBY 

SELECTED 
BY CMD• 

SELECTED 
BY CM o• 

•EITHER PROCESSOR CAN BE USED WITH EITHER XMTR 

• THERMAL INTEGRITY: IF XMTR OR RCVR SWITCH OFF, EQUIVALENT 
HEATERS AUTOMATICALLY SWITCH ON 

• TIMER: 2-YR TIMER ALSO SUPPLIES DELAYED !PROGRAMMED! 
COMMANDS TO ALLOW LIMITED OPERATIONAL CAPABILITY 
IN CASE OF UPLINK !RCVR, ETC.l MALFUNCTION 

• ASTRONAUT SWITCHES PROVIDE BACKUP CAPABILITY TO TURN 
ALSEP ON IN CASE OF UPLINK MALFUNCTION 

PERFORMANCE 
XMTR: I W MIN, DIFFERENT FREQUENCIES FOR EACH ALSEP 

STABILITY, LONG-TERM: +0. 0025�YEAR 
SHORT-TERM: 

-
2 X 10-10 PARTS/SEC 

RCVR: 2119 MHZ :o. 001.,_ 
CMD DECODER: 100 DIFFERENT CMDs, UNIQUE ADDRESSES FOR EACH ALSEP 

DATA PROCESSOR: NORMAL BIT RATE (NBRl, 1. 06 KBPS 
LBR, 0.53 KBPS 
HBR !ACTIVE SEISMIC), 10.6 KBPS FORMAffiD BY ASE 
NORMAL & LOW FRAME, 64 TEN-BIT WORDS (MSB FIRST) 
ADC, 8 BITS PARALlfl OUT 10 TO 5V IN.l, :0. �ACCURACY 

PDU: INCLUDES ANALOG SIGNAl CONDITIONERS 

APR 69 5178.3.15 



ELECTR ICAL  POWER  SUBSYSTEM 

• RAD I O I SOTOPE THERMOELECTR I C  
GENERATOR ( RTG) 

• POWE R MANAGEMENT REQUI REMENTS 

• POWE R CON D I T I ON I NG UN I T  ( PC U) 

• POWE R  D I S S I PATI ON RES I STORS ( PD R) 

• C l  RCUI T & SYSTEM P ROTECTI ON 

• FUEL CAS K  & MOUNTI NG 

• RTG /ASTRONAUT I NTER FACE 

'--..,---
RTG POWER SHUNT 

POWER��---
..____. POWER 

D I S S I PAT I ON 

BY CMD 

PDU 

NOV 67 5178.3.16 



RTG C UTAWAY 

HOT FRAME 

FUEL CAPSULE __ _.l---t----r� 
AS SEMBLY 

OUTER CASE 
(COLD FRAME) 
AS SEMBLY 

END PLATE 
OF FUEL CAPSULE 

THERMOELECTR IC 
COUPLE ASSEMBLY 

HEAT REJECT ION 
F I NS 

MOUNT I NG 
LUG 

DEC 67 5178.3.17 



RAD IO ISOTOPE  THERMOEL ECTR I C  G EN ERATOR 

KEY FEATURES 
FUEL: PU 238, 90- YR HALF LIFE, GENERATOR OUTPUT MAY 
DECREASE WITH TIME DUE TO DECREASED THERMOELECTRIC PERF 

THERMOELECTRIC: LEAD TELLURIDE, PREVIOUSLY USED AT 
900°- 950°F HOT JUNCTION, TESTED TO 1250°F, MELTS AT 1600°F 

ATMOSPHERE: z25 PSI A ARGON AT OPER TEMP I< 15 PS lA AT ROOM TEMPI; 
LEAD TELLURIDE OXIDIZES IN AIR & SUBLIMES IN HARD VACUUM 

RE-ENTRY CRITERION: INTACT; FACTOR IN CASK DESIGN 

PHYSICAL PARAMETERS 
sIZE, IN. EARTH WT, LB 

GENERATOR •••••••••••••• 16 DIAM x 18 HIGH 28.00 

CAPSULE •••••••••••••••• 2.6 OIAM'x 17 HIGH 14.75 

'NOT INC END PLATE 

PERFORMANCE 
OUTPUT POWER: 56. 2W lONE YRI & UP TO 74 W 

OUTPUT VOLTAGE: 16 VDC INOMINALI 

CURRENT: 4 AMP IAPPROXI 

OVERALL EFFICIENCY: 4% IAPPROXI 

HOT JUNCTION TEMP: ll00° F MAX • 
COLO JUNCTION TEMP: 600° F MAX • 
FUEL CAPSULE THERMAL OUTPUT: 1430 TO 1520 W 

FUEL CLAD TEMP : 1390° F MAX 

• LUNAR DAY INIGHT PERF NEARLY SAME! 

FUEL CAPSULE 
ASSEMBLY 

\ 

CARRIED 
TO MOON 
ON 
EXTERNAL 
CASK 

COMMUNICATIONS 
COMMANDS: NO RTG CMDs 

DATA: 

6 ANALOG PARAMETERS ITEMPSI 

EACH SAMPLED ONCE EVERY 

54·SEC ALSEP SEQUENCE 

(j) (j) 

DI SPLAY: ANALOG CHARTS. 
METERS. PR INTER, 

OR TV 

COMPONENTS GENERATOR ASSEMBLY 

v I POWER { ...._ __ 
-
__,0"-'A"'TA.:...._ ___ : { :�� 

NOTE: AR-05 IS ACTUALLY 

ON FIN, NEAR COLO 

FRAME 

SECTION A-A 

I 

1=13 IN. FROM BOTIOMI 

SECTION B·B 
(z6 IN. FROM BOTIOMI 
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1500 

TEMPERATURE , 
DEG F 

RTG WARM -UP  CYCLE 

---------- CAPSULE 
�------- HOT FRAME 

OPERAT ING D I FFERENT I AL t�T) 

T IME TO 
START -U P TBD 

(OUTPUT DEPENDS ON TEMP & ll T) 
�--------COLD FRAME 
--------FI NS 

LUNAR SURFACE 
0�----��----�------�-
0 . 5 1. 0 1. 5 

Tl ME FROM FUEL I NG , HR 
NOV 67 5178.3.19 



POWER MANAGEMENT REQU I R EMENTS 

34 ' ITEHTATIV EI 
' 

' 
'
�

INCREAS lNG 

• RTG NOT LIKE SOLAR CELL/FUEL CELL/BATTERY SYSTEMS 
- STEEP CURVE OF V VS. A 
- NO SOURCE OR SINK (ALL POWER USED WHEN GENERATED) GENERATOR 

TEMPS • ALSEP USES LOAD ADJUSTMENT PCU TO Ml NIMI ZE EMI 
- MONITORS PCU INPUT VOLTAGE, PROPORTIONAL 

TO RTG OUTPUT VOLTAGE®@© 

RTG OPERATING 
CURVES 

(STATIC) 

- ADDS VARIABLE LOAD TO DEMAND LOAD, Ad, BRINGING 
CURRENT UP TO "CONTROL " VALUE, Ac, THUS MAIN
TAl Nl NG "CONTROL" VOLTAGE, V c 

\ 
Ad Ac \ o�--���----'�-o CURRENT, A 8 

COND I Tl ON REQUIREMENT 

NON- SHORT-CIRCUIT, TO KEEP 
OPERA Tl NG THERMOELECTRIC COOL 

INITIALIZATION DIGITAL ELECTRONICS 
NEED FAST RISE TO A 
STABLE CONDITION 

OPERATIONAL SYSTEM MUST PRECLUDE 
CONTINGENCIES OVERLOADS AND 

UNDERLOADS AT RTG 
INTERFACE 

RESOLUTION 

RTG CABLE HAS SHORTING PLUG (WITH AMMETER) & 
SWITCH FOR TURN-ON AFTER CONNECTION 

PCU SENSES WHEN OUTPUT REACHES ACCEPTABLE LEVEL 
WITH RESISTIVE LOAD@& THEN STARTS OSCILLATOR 
TO SUPPLY AL�SERS __{& ______ _ 

PCU PROVIDES WIDE RANGE (:l::40 Wl OF SHUNT REGULATION: 
CIRCUIT BREAKERS, RIPPLE-OFF, & GROUND COMMAND 
POWER MANAGEMENT PROCEDURES (SWITCHABLE LOADS) 
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POWER COND IT ION I NG  UN IT 
COMPONENTS 

PERFORMANCE 
OUTPUT NOMINAL 
VOLTS LOAD, AMP REGULATION: 

+29 

+15 

+12 

+5 

-6 
-12 

1.19 
0.08 
0.30 
0.90 
0.05 
0.15 

o-.ISON ALL 

OUTPUTS 

(REGULA TOR OPERATES 
FROM + l2V OUTPUTI 

PHYSICAL PARAMETERS 

SIZE, IN.: 8.4x4.Zx2.8 
EARTH WT, LB: 4. 6 

POWER: DISSIPATION INSIDE PCU IS A RJNCTION OF 

--OVERALL DISSIPATION TO MAINTAIN RTG OUT-

PUT VOLTAGE. AVERAGE25SINSIDE&75., 
IN PDR 

COMMUNICATIONS 

COMMANDS: • Z BASIC IPCU 1 SEL & PCU 2 SEll 

• 4 OTHERS IAPPL Y OR REMOVE 

2 EXTERNAL LOADS IN PORI 

�: •8 ANALOG ENG PARAMETERS: 

PCU INPUT (RTG OUTPUTI VOLTS & 
AMPSIZI 

SHUNT REGULATOR CURRENTS (21 

PCU TEMPS (41 

• 6 OUTPUT VOLTAGES IN PDU 
• SAMPLED ONCE PER 54-SEC 

ALSEP SEQUENCE 

�: ANALOG CHART, METERS OR PRINTER/TV 

KEY FEATURES 

PCU IS "FIXED-RATIO" CONVERTER: THUS, REGULATION OF 

1ZV LINE REGULATES ALL LINES & MAINTAINS RTG 

OUTPUT FIXED 

PCU PROTECTS RTG (£)(AMPLE, AGAINST OPEN CIRCUITS) 

PCU REGULATES BY LOAD ADJUSTMENT OVER «<N SWING 

BUT ADDITIONAL EXTERNAL LOADS IPDRI CAN BE 
SWITCHED ON/OFF BY COMMAND ; MAY BE DICTATED 

BY CENTRAL STATION THERMAL BALANCE 

PARTIAL REDUNDANCY WITH COMMAND SELECTION IPCU 

1 OR PCU Zl PWS AUTOMATIC SWITCHOVER FROM 

1 TO Z VIA OUT-OF-TOLERANCE SENSOR !VOLTAGE 

PROTECTION). NO SWITCHBACK, NORMALLY 

OPERATE WITH PCU 1 

CAPACITANCES MAINTAIN VOLTAGES DURING 

SWITCHOVER 
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POWER  D ISS I PAT IO N R ES ISTORS 

• PART OF POWER MANAGEMENT PROVI S I ONS 
• MOUNTED EXTERNAL TO CENTRAL E LECTRON I CS 
• TOGETHER WI TH EXPE R I MENT STAND BY RES I STORS , 

PROVI DE I N I TI AL RTG LOADS DUR I NG 
LUNAR START- U P  

• CHARACTER I S TI CS :  

NUM BER OF 
I D  RES I STORS 

(1, 2 ,  3) 3 I N  PARALLEL 
(4, 5, 6) 3 I N  PARALLEL 

(8) 1 
(7) 1 

---

8 TOTAL 

RATI NG , 
OHMS 
20 (EACH)  
20 (EACH )  

121 
64. 9 

FUNCTION 
P CU 1 S HUNT 
PCU 2 SHUNT 
D I S S I P  R1  
D I S S I P R2 
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C IRCU IT AND SYSTEM PROTECT ION 
PH I LOSOPHY: PROliCT ALSEP SYSliM AT THE EXPENSE 

OF I ND I V I DUAL EXPE R I MENTS , I F  NECES SARY. 

Ml NOR OVERLOADS 

ACCOMPL I SHED 
MA I NLY BY PDU 

MAJOR OVERLOADS 

• ACCEPliD UNTI L TOTAL EXCEEDS AVA I LABLE POWER AS 
SENSED I N  PCU SHUNT AMPS 

• C l  RCU I T BREAKERS 0 .  50± 0.  05 AMP I N  EXPER OPER 
(29V) l l  NES SWI TCH TO S TBY 

• MARG I NAL S I GNAL CAUSES AUTOMATI C  R l  PPLE-OFF 
(SEQUENTIAL) OF EXPER 4, 3 & 1 (S I DE, SWS & 
PSE I N  ALSEP U. STOPS WHEN MARG I N  I S  OK 

• R I PPLE - OFF SWI TCHES FROM OPER TO S TBY 

• Cl RCU I T BREAKERS 0. 70 ± 0. 14 AMP I N  29V L I NE 
OF XMTR & 0. 110 to 0. 225 AMP I N  12V l l  NES 
OF XMTR & RCVR 

• WHEN XMTR OR RCVR GO OFF, EQU I VALENT HEAlERS 
ARE SWI TCHED ON 

• FUSES 0. 50 AMP I N  EXPER STBY (HEAlER) 29V L I NES 
& 0. 25 AMP I N  DUST DEliCTOR + 12V &- 12V Ll NES 

RESET: TI MER AUTOMATI CALLY AmMPTS RESET OF 
RCVR & EXPER 4 EVERY 12 HRS (EX PER 4 I S  
CONTI NGENCY PROV I S I ON FOR NG U P LI NK) 
OTHER EX PER & XMTR RESET BY COMMAND ONLY 

DEMAND ANALYS I S :  OPERATI ONAL POWER MANAGEMENT 
I NCLUDES MON I TOR I NG POWER RESERVE (PCU 
SHUNT AMPS) V I A  TM & SWI TCH! NG P D R  ON/OFF 

UNDERLOAD: I F  PCU 1 CANNOT ADD  ENOUGH LOAD ,  
SWI TCHOVER TO PCU 2 OCCURS 
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FU E L  CASK  AND  MOUNT ING  

REQUIREMENTS : LES S  THAN 100 BTU /HR 
TO LM & LM S K I N 270°F MAX 

THERMAL S H I ELD 2.8 LB  

RELEASE LATCH 
(LANYARD O PERATED) 

FL I GHT POS I T l  ON��__....""' MOUNTI NG & 
S TRUCTURE 

11. 92 LB  
S I ZE,  I N. 
8 D I AM x 23 H I G H  
25 L B  r---

.. 
LM I NTERFACE 
F I TTI NGS 
(GRUMMAN) 

fr� REMOVAL POS I T l  ON Y- ··-

" 
" 

(ADJUSTA BLE BY ASTRONAUT) 

ROTAT I ON MECHANI SM 
(LANYARD OPERATED) 

SUMMARY OF EARTH WT 

POWER STRUCTURE/THERMAL 
SUBSYSTEM SUBSYSTEM 
CASK 25. 0 LB 

O:::
TH
�

E
�
RM
�

A
�
L
�
SH

:-:-:
1
-::-:-
EL

-::-
D -:::-2. s

=
o

�LB 
NOT INC MTG & STRUCTURE 11.92 
15. 0 LB FUEL Ml SC (ASTRO PROTECT) 5. 28 
CAPSULE TOTAL 20. 0 LB 

OPERATIONS 

RELEASE LATCHES AND DOME LOCK, ROTATE CASK, 

UNSCREW CASK DOME (DOME REMOVAL TOOU, 

TRANSFER FUEL CAPSULE (FUEL TRANSFER TOOU 

APPROX TIME 3 MIN, INC IN PRE-TRAVERSE TOTAL 
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RTG/ ASTRONAUT I NTER FACE 

CONSTRA I NT RESOLUT I ON 

THERMAL: • THERMAL BARRI ER (SMALL DOOR} PROTECTI ON WH I LE AT SEQ BAY 
• NO SU I T  CONTACT W I TH • LANYARDS FOR CAS K  ROTATI ON & DOME LOCK 

SURFACES MORE THAN 250° F • TOOL FOR DOME REMOVAL 
•M I NI MI ZE HEAT LOAD ON SU I T • TOOL FOR FUEL TRANSFER, CAS K  TO GENERATOR 

COOLI NG EQU I P • SU BPACKAGE 2 CARRY PLACES RTG AWAY FROM SU I T  

NUCLEAR: • PU 2381 S U EM I TTER 
• NO HAZARDOUS DOSE • U PARTI CLES ARE ENTI RELY ABSORBED I N  HEAT GENERATI ON 

• ONLY SECONDARY TYPES ( Y & NEUTRONS} GET OUT 
• LOW EXTERNAL F I ELD, VERY LOW DOSE LEVEL 

ELECTRICAL: • RTG CABLE HAS S HORTI NG SWITCH I N  CONNECTOR 
• NO EXPOSED CHARGED • ASTRONAUT READS AMMETER, REMOVES DUST COVERS,  

CONTACTS ENGAGES CONNECTOR, & ACT IVATES SWITCH 

OPERATI ONS 

PREPARE CAS K FOR TRANSFER, 2 M IN ;  TRANSFER FUE L  CAPSULE CAS K TO GENERATOR, 1 M I N ;  DEPLOY 
SU B PACKAGE 2, UNREEL CABLE & MAKE CONNECT I ON, 2 M I N  ( ALL T I MES ARE A P PROX) 
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APOLLO LUNAR HAN D  TOO LS 

GEOLOGIC SAMPLING TOOLS 

� S PR I NG SCALE 

�/ / /' � HAMMER 

� �COOP CORE TUBE � , AND CAP 

BRUSH/SCR IBER/ � 
HAND l� 'TONGS � � � 

SURVEYING & PHOTOGRAPHIC INSTRUMENTS 

EARTH WT, 17. 5 LB 

GEOLOGICAL TASKS,W ILL 
BE INDEPENDENT OF 
ALSEP DEPLOYMENT TAS KS 
(NOT INC IN ALSEP TIME-LINE) 

I TENTAT IVE I 

3 

1 GNOMON 
2 SU RVEYING INSTRUMENT 

3 INSTRUMENT STAFF 
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PASS IVE  S E ISM IC  CHARACTER IST ICS  

COMPONENTS 

.�ru-i.=:.::::..:::J : I 
___________ J 
IN CENTRAL STATION 

THERMAL CONTROL ASS'Y 

INSTRUMENT 
ELECTRONICS 
& LEVELING 

i t 

EXTERNAL !DEPLOYED I EQUIP 

OPERATIONS 
DEPLOYMENT 

o LOCATE 10 FT FROM CENTRAL 
STATION 

o PLACE STOOL 

o SET INSTRUMENT 

o ROO GH LEVEL � 5° 

o OR lENT +2ff WRT SHADOW 
!SC IENTlFICI 

o UNFOLD SHROUD 

o REPORT ALIGN �5° WRT SHADOW 

APPROX TIME, 3 MIN 

POST DEPLOYMENT 

o TURN ON !OPERI PRE-ASCENT 

o UNCAGE (MAY BE PRE-ASCENTI 

o FINE LEVEL 

o CALIBRATE 

o CHANGE GAINS 

o RELEVEL AS NECESSARY 

o CONTINGENCY CORRECTIVE ACTIONS 

COMMUNICATIONS 
COMMANDS: 

• POWER OPERISTBYIOFF 
• 15 SPECIAL CMDs FOR: 

UNCAGE !11 
AUTO & FORCED LEVEL (61 
CAll BRATE !21 
GAIN CHANGE !31 
AUTO & FORCED THERMAL 

CONTROL (1) 
COARSE LEVELING SENSOR!ll 
FILTER BYPASS !11 

• BACKUP FROM TIMER TO 
UNCAGE & TO CALIBRATE SP 

DATA: 

• 43 DIGITAL WORDS PER ALSEP FRAME 
712 BPS !AVERAGE) 
98% SCIENCE,� HK 
1. 2 SEC NORMAL REP RATE 

• 8 ANALOG ENG PARAMETERS SAMPLED 
ONCE PER 54-SEC ALSEP SEQUENCE 

PHYSICAL PARAMETERS 

SIZE, IN. { INTERNAL 7.2x6.5x2.8 
EXTERNALll. 8 D lAM x 15.2 
HIGH 

DISPLAY: • SPECIAL SEISMIC ANALOG CHART EARTH WT, LB: 25 TOTAL 

• 8-CHANNEL ANALOG (INC l TEMPI 
• EVENT LIGHTS OR PRINTER/TV POWER, W: 7. 5 !APPROX, MAXI 

KEY FEATURES 

EARTH CALIBRATION REQUIRES REMOVAL OF!5/60F 
LUNAR MASS 

SENSORS CAGED BY PNEUMATIC RESTRAINT, RELEASED BY 
COMMAND !ARMIFI REI 

SENSORS MOUNTED ON GIMBAL & CAPABLE Of CORRECTING 
INITIAL,._ 5°ERROR BY LVL COMMANDS 

INDIVIDUAL HEATERS FOR CENTRAL ELECTRONICS & 
INSTRUMENT, "THERMOSTATICALLY" CONTROLLED 
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PASS IVE  SE I SM I C  S ENSORS  

LONG PER IOD :  
TR I AX I AL SET OF  PENDULUMS W I TH NATURAL FREQUENCY OF 1115 CPS 
SENS I T I V I TY 10 m11 ( 1  m11 GOAU W I TH 80 db DYNAM I C  RANGE 
CAPAC I TANCE - TYPE D I SPLACEMENT TRANS DUCERS 
CO l L - MAGNET DAMP I NG 

SHORT PER IOD :  
S I NGLE VERTI CAL SE I SMOMETE R WI TH FREE RESONANCE 1 TO 2 CPS 
SENS I T I V I TY 10 m11 ( 1  m11 GOAU W I TH 80 db DYNAM I C  RANGE 
CO l L-MAGNET TRANS DUCER 

Tl DAL OUTPUT: 
FEED BACK Fl LTER ON LONG-PER IOD  DATA 
SENS I Tl V I  TV: 320!1 GAL VERTI CAL (8/1 GAL GOAL) 

0. 4 ARC SEC Tl LT (0. 01 ARC SEC GOAL) 

MODES OF OPERATI ON: 
I NDEPENDENT GA I N  CHANGE BY COMMAND ON LP HOR I Z, 

LP VERT! CAL, & SP  (0, - 10, -20, - 30 db) 

BAS I C  DATA WOR D: 
10 - B l  T WORD FOR EACH SENSOR READ I NG 
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ACT IVE  SE I SM IC  C HARACTER IST ICS  
COMPONENTS 

- - - - - - - - - l { POWER CENTRAL THUMPERI 
DSS COMMANDS 

� 
& TIM ING ELECTRONICS GEOPHONES (3� 
DATA I NC RCVR ;====��-------, 

_ _ _ _ _ _ _  j MORTAR PACKAGE 
IN CENTRAL STATION I I EMORTAR BOX 

GRENADE LAUNCH ELECTRONI CS 
ASSY (GLAl ANTENNA 

PHYSICAL PARAMETERS 

6. 77 X 6. 18 X 2. 75 
{CENTRAL ELECTRON ICS: 

S IZE, IN. fHUMPER/GEOPHONES: 14. 5 (FOLDED I 
MORTAR PACKAGE: 15. 6  xU. 5x 5. 1  

( I RREGULAR) 
EARTH WT, LB: 25. 00 TOTAL 
POWER, W: 8 (APPROX, OPERATING) 

DTEMP SENSORS (3) 

GRENADESIXMTR (4) I NCLI NOMETER 

KEY FEATURES 

H I GH Bl T RATE ( 10. 6 KBPSl OF ASE REQUI RES 85-FT 
MSFN ANTENNA (ON REQUEST) 

EXPLOS IVES HAVE SAFE/ARM PROTECTION FEATURES 
GRENADES LAUNCHED TO 500, 1000, 2000 & 5000 FT 

RANGE FROM GEOPHONES 
CHARGE EQU IVALENT TO 150 M I LLI GRAM TNT IN THUMPER 

AND UP TO l .  0 LB TNT IN GRENADE 
IMPACT PO INT OF GRENADES DETERMI NED BY LAUNCH ANGLE, 

IN IT IAL LAUNCH VELOC ITY, & I MPACT TIME 
IND IVI DUAL HEATER FOR MORTAR BOX, "THERMOSTATICALLY'' 

CONTROLLED ELECTRON ICALLY 

OPER ATIONS 
COMMANDS: 

COMMUNICATIONS 

DATA: 

DEPLOYMENT & THUMPER 
• EMPLACE MORTAR PACKAGE 
• PLACE GEOPHONES AT 10, 160 & 310 FT 

FROM CENTRAL STAT ION 
• ACTIVATE THUMPER EVERY 15 FT 
• REMOVE SAFETY RELEASE ASSEMBLY 

AND ACTUATE SAFE/ARM SWITCHES 
ON MORTAR BOX 
APPROX T IME, 20 M IN 

POST DEPLOYMENT 

• NOTE GROUND OPERATIONS DUR lNG 
DEPLOYMENT/THUMPER REQU IR lNG 
TURN-ON, GEOPHONE CAL l BRATE, & 
TURN-OFF 

• LATER, MON ITOR 15 MIN PER WEEK 
• NEAR YEAR-END, TURN ON & CALI 
BRATE GEOPHONES, ARM & FIRE 
GRENADES 

• OTHER COMMANDS AS NECESSARY 

• POWER OPER/STBY/OFF 
• ASE HBR ON/OFF 
• 7 S PEG IAL COMMANDS FOR: 

GEOPHONE CALl BRATE ( l )  
ARM GRENADES (l )  
F IRE GRENADES 

REGULAR (41 
SEQUENTIAL ( l) 

• SPEC IAL FORMAT ( 10. 6 KBPSI PROV I DES 
32 20-B IT WORDS 
(EACH HAS FOUR 5-B IT SUBWORDSl 

• TOTAL 21 PARAMETERS 
• 75% SC IENCE 25% HK 
( INC 5 KEY ALSEP PARAMETERS 

• IN NORMAL ALSEP FORMAT, 
4 ANALOG ASE PARAMETERS 
SAMPLED ONCE PER 54-SEC 
ALSEP SEQUENCE 

D I SPLAY: DATA COMPRESSED TO 2. 4  KBPS L INE LIMIT 
& D I SPLAYED ON ANALOG CHART 
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ASE D ETECTION SYSTEM 
GEOPHONE ( SENSORS ) 

TYPE: ELECTROMAGNET I C 
NATURAL FREQUENCY: 7. 5 C PS 
SENS IT IV ITY: 250 VOLT/METER/ SEC 
WE IGHT: 6 OZ EACH SENSOR 

AMPL I F I ER 
3 CHANNELS EACH W ITH PREAMP , F I LTER AND LOG COMPRESSOR 
80 DB DYNAM I C RANGE LOG COMPRES SED TO 40 D B 
LOG COMPRES SOR TEMPERATU RE CONTROLLED 

GEOPHONE & AMPL I F I ER 
SENS I T IV ITY: 5 miL PEAK D I S PLACEMENT AT 10 Hz ( l  miL GOAU 

AT A S  IGNAL TO NO I SE RAT IO OF 18 db 
BANDW I DTH : 3 TO 250 Hz W ITH RES PECT TO VELOC ITY 

BAS I C  DATA WORD 
5- B IT WORD FOR EACH SENSOR READ l NG AT 500 SAMPLES/SEC 
( EACH CHANNEL) 
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THUMPER CHARACTER IST I CS  

FOLDED 

GEOPHONE 
F G 

TO 
CENTRAL 
STATI ON 

EXTENDED 

ARM/F I RE SW ITCH 

• 22 POS I T l ON SELECTOR SWI TCH 
( I NC OFF) 

• SEPARATE ARM/ F I RE SWI TCH 

• U SES APOLLO STANDARD 
I N I T IATORS (AS I s ) 

• IMPACT PLATE I N  LOWER END TO 
CONTA I N  AS I DEBR I S  
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MAGNETOMETER CHARACTER ISTICS 

r�R 
COMMANDS 

DSS & TIM I NG 

DATA 

,. - - - - - - - - - ,  
I I 
I EGFU I I I I 

COMPONENTS 

: !ELECTRONI CS' I I �  : IMECHAN ICALI I SENSORS (3) 
I I I I 
L - ---1---,.--1 I I f L - - - - - - - - .J  I 

t l STRUCTURE/THERMAL ---1 BOOMS (3 ) I 
� I LEVELl NG LEGS (3) I 

PHYSICAL PARAMETERS 
S IZE, IN. ( STOWED): 25 x 12 x 11 ( I RREGULAR) 

EARTH WT, LB: 19. 4 W/0 CABLE 

POWER, W: 5. 8 1DAYI } APPROX 
10. 9 !N I GHT) 

OPERATIONS 
DEPLOYMENT POST DEPLOYMENT 

COMMA NOS: 
COMMUNICATIONS 

DATA: 
• PO • 7 D I G ITAL WORDS PER ALSEP FRAME WER OPER/OFF (NO STBYI 

EC tAL CMOS FOR: • 8 SP 1 16 BPS !AVERAGE) 
86% SC I ENCE, 14% H K 
9. 6 SEC REP RATE 

s ITE SURVEY I l l  
L l PI CAL 121 F 
R 
p 
s 

F 

ANGE CHANGE (l )  
ERCENTAGE OFFSET (2) 
ELECT THERMAL CONTROL 
SENSOR I l l  

I LTER BYPASS I l l  

• NO ANALOG OUTPUTS 

D I S PLA Y: ANALOG CHARTS FOR SC IENCE 
EVENT L1 GHTS & PR I NTER/TV FOR HK 

KEY FEATURES 
SENSOR CALI BRATION ON EARTH REQU I RES SPEC IAL FLUX TANKS 

TO AVO I D  SENSOR SATURATION 
FLI P/CAL CYCLE MUST BE PERFORMED EVERY 12 HR & EVERY 3° C 

TEMP CHANGE TO REMOVE DRI FTS (TEMP, ETC. ) & AVO I D  
PERMANENT OFFSET O F  SENSOR 

• LOCATE 50 FT FROM CENTRAL STATION • TURN ON lOPER) PRE-ASCENT S ITE SURVEY MODE ACTI VATED ONLY ONCE NEAR START OF M I S S I ON 
!BETWEEN 4TH & 5TH FLI PI CAL ONLY) !AWAY FROM LMI 

• SET AND ADJUST LEVEL I NG LEGS +f 
• UNFOLD BOOMS 
• OR lENT +3° WRT SHADOW ISC IENT I F IC 
AND THERMAU 

• REPORT All GN + 1° 

APPROX T IME, 8 MIN 

• FLI P/CAL 
• S I TE SURVEY AFTER ASCENT 
• CHANGE RANGE 
• ADJUST OFFSET 
• CONTINGENCY CORRECTIVE 
ACTIONS 

CONTAMI NATION L IMIT LESS THAN 0. 25 GAMMA FROM ALL OTHER 
ALSEP EQU I P  & LM DESCENT STAGE 

DUR I NG PRELAUNCH & FLIGHT, LESS THAN l GAUSS MAGNET! C 
EXPOSURE 

" THERMOSTAT ICALLY " CONTROLLED HEATERS IN SENSOR HEADS , 
ELECTRONICS MUST OPERATE ESSENTI ALLY CONTI NUOUSLY 
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MAGNETOMETER SENSORS 

SENSOR TYPE: FLUX GATE 
FULL SCALE RANGE : ± 100, ± 200, ± 400 GAMMA (S ELECTED BY 

COMMAND) ; EARTH ' S EQUATOR I AL F I ELD �35, 000 GAMMA ( 1 GAU S S  = 10 5 
RESOLUTI ON: 0. 2 o/o FU LL SCALE GAMMA ) 
ACCU RACY : 0. 5 %  FULL SCALE 
FREQUENCY RES PONSE: APPROX 1 . 5 CPS 
MODES OF OPERA Tl ON: MANY COMB I NATI ONS OF RANGE & OFFSET 

NORMAL OR I ENTATI ON: ORTHOGONAL 
S ITE SURVEY: S PEC I AL MODE I N  WH I CH SENSORS ARE G I MBALLED 

90° AND ROTATED SO THAT ALL THREE PO I NT SEQUENT IALLY 
ALONG X , Y, & Z AX I S  

BAS I C  DATA WORD : 10- B I T WORD FOR EACH SENSOR READ I NG , 
I NCLU D I NG 9- B I T VALUE PLUS POLAR I TY (S I GN) B I T  
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SOLAR W I ND  SPECTROMETER  C HARACTER IST ICS  
COMPONENTS PHYSICAl PARAMETERS 

POWER RELEASE 

COMMANDS 
055 { & TI M I NG ELECTRON I CS I DUST ;I �SENSORS (7l j COVERS 

t t S I ZE, IN. : ll X 9 X 14. 75 

DATA 

�-
OPERATIONS 

DEPLOYMENT 

• LOCATE l3 FT FROM CENTRAL STAT I ON 

( PREFERABLY N-S)  

e EXTEND LEVELING LEGS 

• LEVEL +5 ° 

• OR l ENT +5 a WRT SHADOW 
! SC I ENT I F IC & THERMAU 

APPROX T I ME, 1 M I N  

POST DEPLOYMENT 

• TURN ON (OPERl MAY BE PRE-ASCENT 

e READ BASE L I N E  DATA 

• AFTER ASCENT, REMOVE DUST COVER S 

• H IGH GA I N  MODE 
NO OTHER COMMAND FUNCT IONS 

I I 
I I t t t EARTH WT, LB: 12. 25 

STRUCTU RE/THERMAL I POWER, W: 6. 5 ( A P PROXl 

COMMUNICATIONS 
• POWER OPER/STBY/OFF 
• 1 S PEC IAL C MD FQR 

DUST COVER REMOVAL 
( ALSO USED TO OBTA I N  

H I GH GA I N  MOD E )  
D I S PLAY: PR I NTER 

DATA: 

• 4 D I G ITAL WORDS PER ALSEP FRAME 

66 BPS !AVERAGE) 

72% S C I ENCE, 18% H K  

449 S E C  NORMAL REP RATE 
• NO ANALOG OUTPUTS 

KEY FEATURES 
REQU I RES CLEAR HEM I S PHERE OF S PACE, OBSTRUCTI ONS SUCH 

AS CENTRAL STAT I ON S HOULD BE LOCATE D IN  ZONE 

OF REDUCED SENSOR SENS I Tl V I TY 

"THERMOSTAT ICALLY " CONTROLLED HEATER 
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SWS SENSORS 

MODES OF OPERATI ON: I NTERNAL 
PROGRAM STEPS SENSORS 
THROUGH 21 LEVELS 
( 14 POS & 7 NEG) 

BAS I C  DATA WORD : 8- B I T  
WORD FOR EACH SENSOR 
READ I NG WI TH TWO FLAG 
B I TS FOR I D 

MODULATOR ENTRANCE 
GR I D G R I D CU P 

....-��- - - - -L-----'- MODULATOR 
C - - - - - - - - )...o-...IJ--VOLTAGE 

- · · · · · · · ·  I----t SCREEN GR I OS 
-�--SUPPRESSOR 

VOLTAGE 
TO 

..____-4--_......_AMPL I F I ER 
COLLECTOR SUPPRES SOR 

SENSOR TYPE: FARADAY CUPS (7) GR I D 
F l ELD OF V I EW: APPROX 57° EACH 
RANGE: ELECTRONS 6 TO 1330 ev, POS I T IVE IONS 18 TO 9980 ev 

READ OUT AS CURRENTS FROM 10- 12 TO 10-8 amps (LOGAR I THMI C) 
D I RECTI ONALI TY: BY 

ANALYS I S  OF Dl FFERENT SENSORS 
CAN DETERMI NE FLUX Dl RECTI ON ± 15° 

JAN 69 5178.3.35 



SUPRATHERMAL I ON  D ETECTOR C HARACTER IST I CS  

COMPONENTS 
RELEASE 

COMMANDS ELECTRONI CS 
t POWER COLD CATHODE GAUGE 

DSS & T I M I NG (S I DE &  
CCI G) 

DATA 
' t ; ._I __ sm

_uc_ru_R_E,_TH_ER
"T
M_AL _ __,j---

GROUND PLANE 

KEY FEATURES 

• H I GH & LOW ENERGY SENSORS CANNOT OPERATE IN ATMOSPHERE (CALI BRATE IN  
VACUUM) 

• CC IG SEALED PRELAUNCH, SQU I B-ACTUATED RELEASE MEGHAN I SM ( SEAL BREAK 
COMMAND) 

• CC IG MAGNET SH IELDED TO AVO I D  INTERFERENCE W ITH OTHER INSTRUMENTS 
• CONTAM INAT ION AT S I DE LOCAT ION MUST BE LESS THAN 0. 01 GAUSS & 1 V/M 

IDC TO 10 Hz) 
• DETECTOR OR IENTAT ION AWAY FROM SU B-EARTH POINT, CC I G  OR I F ICE AWAY 

FROM ALSEP, LM & EARTH 
• "THERMOSTAT ICALLY" CONTROLLED HEATER I N  DETECTOR PACKAGE 

OPERATIONS 

DEPLOYMENT POST DEPLOYMENT 

• LOCATE 55 FT FROM CENTRAL STAT ION • TURN ON lOPER) S IDE POST -ASCENT 
(AWAY FROM LSM) • READ BASE L INE DATA 

• SET GROUND PLANE 
• REMOVE & PLACE (OR IENTl CC I G  
• LEVEL S I D E  +5 o 
• OR lENT :!:_5 0 WRT SHADOW 

(SC IENTI FIG & THERMAL! 

APPROX T I ME, 4 M I N  

• REMOVE DUST COVER, BREAK C C  IG 
SEAL, READ DATA 

• CONTINGENCY CORRECTIVE ACT IONS 
(CHANGE S I DE MODES) 

COMMANDS: 
COMMUNICATIONS 

DATA: 
• POWER OPER/STBY/OFF 
• 5 SPEC IAL CMDS MULTI PLEXED 

(4 LOADS & 1 EXECUTE) 
• CMDs PERFORM: 

2 ONE-T IME FUNCT IONS 
• REMOVE DUST COVER 
• BREAK SEAL 

15 REPETIT IVE FUNCT IONS 
• CALl BRATE ( ll 
• CHANGE MODES (9) 
• TURN EQU I P  ON/OFF (5) 

• BACKUP FROM T IMER FOR 
D U ST COVER & SEAL BREAK 
AND PWR TURN ON EVERY 
12 HRS (FLT NO. l )  

• 5  D I G ITAL WOR DS PER ALSEP FRAME 
83 BPS (AVERAGE) 
40% SC IENCE, 60% HK 
155 SEC BAS IC REP RATE} NORMAL 
3711 SEC FULL CYCLE 

• 2 ANALOG CHANNELS OF SC IENCE 
DATA SAMPLED ONCE PER 
54-SEC ALSEP SEQUENCE 

PHYSICAL PARAMETERS 

S IZE, I N. : 15. 3 X 13. 0 X 4. 5 

EARTH WT, LB: 19. 6 

�D�I�S�PL�A�Y:�PR�I�M�AR�I���PR�I�NT�E�R-------��PO�W�E�R�, W�: �6-�0�(A�P�P�RO�X�l_J _ 
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S I D E  S ENSORS  

I ON DETECTOR COLD CATHODE GAUGE 
• 

REDHEAD SENSOR TYPE CURVED PLATE ANALYZER 

FI ELD OF V I EW 30° X 6° NA 

RANGE POS I TI VE I ONS POS I TI VE IONS 10-6 TO 10- 12 TORR 
10 TO 3500 ev 0. 2 TO 48. 6 ev ••  no- 13 GOAU 

Dl RECTI ONALI TY DETECTOR AXES 15° OFF VERTI CAL OR I FI CE HOR I ZONTAL, 
REFERENCE (PARALLEL) PREFERABLY SOUTH 

MODES OF PROGRAMMED STEPS , VAR I ABLE THREE OVER LAP P  lNG 
OPERATI ON BY COMMAND. ALSO XlO I NTE- RANGES AUTOMAT I CAL-

GRA Tl ON FOR LOW FLUX LEVELS LY SELECTED BY I N-
TERNAL LOG I C  

BAS I C  SENSOR 2 lQ- B I T  WORDS ,  EACH LI M I TED  8- B IT WOR D FOR EACH 
DATA WOR D  TO 999 DEC I MAL,  HENCE MAX SENSOR READ I NG, MUL-

PARTI CLE COUNT 999, 999 T I PLEXED W ITH S I DE H K  

• 
VELOC I TY SELECTOR (CROSSED ELECTR I C/MAGNETI C F I ELDS) ON LOW ENERGY 
DETECTOR 

••1  TO 130 AMU PER UN I T CHARGE 
GROUND PLANE STEPS THROUGH 24 VOLTAGE LEVELS ( 11 POS, 11 NEG, & 2 ZEROS) 

,! 27. 6V, MAX 
APR 69 5 178 .3 .37 



H EAT FLOW CHARACTER IST I CS  

{ POWER 
COMMANDS 

DSS & TIMING 
DATA ; 

I STRUCTURE/THERMAL I 

KEY FEATURES 

SENSOR CALI BRAT ION ON EARTH REQU IRES SPECIAL FAC IL ITY 
AVO I D  D I STUR B I NG LUNAR SURFACE REFLECTIVE PROPERT IES AROUND PROBES 
REQU I RES  RAD I AT IVE THERMAL COUPLING BETWEEN PROBE & HOLE PLUS 

NO THERMAL SHORT-C I RCU I T  TO SURFACE 
"THERMOSTAT ICALLY"CONTROLLED HEATER IN ELECTRON ICS PACKAGE 

PHYSICAL PARAMETERS 

(NOT INC D R I LU 

{ELECTRON ICS 13 x 9 x 8 
S IZE, I N: PROBES 25. 5 x 4. 5 x 3. 5 

( IN PAC KAGEl 

EARTH WT, LB: 9. 7 LB (TOT AU 

POWER, W: 3. 9 TO 10. 6 

OPERATIONS 

DEPLOYMENT 
• LOCATE ELECTRONI C S  30 FT 

FROM CENTRAL STAT ION 

POST DEPLOYMENT 
• TURN ON (OPERI PRE-ASCENT 
• READ GRAD IENT DATA CONTI NUOUSLY 

• LEVEL :!:.12" EXCEPT DUR I NG CONDUCTIV ITY TESTS 
• ALIGN +5° WRT S HADOW (THERMAL) • MAKE CONDUCTIV ITY TESTS -T IMES 
• DR I LL HOLES (21 3 METERS DEEP 
& PLACE PROBES IN BOTIOM O F  
HOLES U S I NG TOOL 

• HOLES 30 FT APART & 16 FT 
FROM ELECTRON ICS 

A PPROX T I ME, 9 M I N, PLUS 
30 M I N  FOR DR I LL ING 

FOR UP TO 48 HRS EAC H T I ME 

COMMUNICATIONS 

COMMANDS: DATA: 
• POWER OPER/STBY/OFF 
• 10 S PEC IAL CMDS FOR: 

SELECT GRAD IENT, 

• 1  D IG I TAL WORD PER ALSEP FRAME 
( FOR 16 OUT OF EVERY 90 FRAMES I 
3. 0 BPS (APPROXI 
65% SC IENCE, 35% HK 

H I  CONDUCT IV ITY, OR 435 SEC REP RATE ( FULL SEQUENCE) 
LO CONDUCT IV ITY MOOES (31 

• 6  ANALOG ENG PARAMETERS SAMPLED 
SELECT MEASUREMENT ONCE PER 54 SEC ALSEP SEQUENCE 

SEQUENCE (6) 

SELECT & ACTIVATE 
CONDUCTIV ITY HTRS ( 1 )  

D I S PLAY: X-Y PLOTIER OR PR INT (REQU I RES DATA ANALYS I S) 

APR 69 5 178.3 .38 



HEAT F LOW SENSORS 

� 
. ;:�,� 

D IURNAL VAR IATION ANNUAL VAR IATION 
WITH SUPER IMPOSED (DUE TO MOON'S OR B IT) 
H I -ORDER EFFECTS 

e PROBLEM: TO F I ND THE SMALL DC COMPONENT 
IN A POSS I BLY LARGE AC WAVE 

MODES OF OPERAT ION: MODE/G, MODEILK, 
& MODE/HK PLUS MANY MEASUREMENT 
SEQUENCES 

BAS IC DATA WORD: 13- B IT OUTPUT OF ADC IN 
2 ALSEP WORDS ( PLUS I Dl 

TYP ICAL BR IDGE { (l )  + EXC ITAT ION 
READ ING (2) + OUTPUT 
(8 ALSEP WORDS) ( 3) - EXC ITAT ION 

(4) - OUTPUT 

HEATER 

COILS 

PROBE 

SECTION 

(2/PROBEI 

SENSOR TYPE: PLAT INUM RES I STOR 
SENSOR C I RCU ITS: 
• SETS OF FOUR SENSORS 
•TWO COMB INAT IONS ( D I FFERENCE & AMB I ENT) 

SELECTED BY INTERNAL LOG IC 
DYNAMIC RANGE: 
• TEMP D I FFERENCE ( BR I DGEl 

H I  SENS IT IV ITY ± 2° K ( 200° K TO 250° Kl 
LO SENS IT IV ITYj:20° K (200° K TO 250° Kl 

• AMB I ENT TEMP (RES I STANCE) 
2QOOK TO 2500K 

• CABLE THERMOCOUPLES (ALONG PROBE CABLES) 
9d>K TO 350°K (ACCURACY 0. 3°C ) 

• THERMOCOUPLE REF JUNCTION ( IN ELECTRON ICS) 
-20° C TO +60° C (ACCURACY O. l°Cl 

•CONDUCTIV ITY RANGE: 5 x 10-6 TO l x 10-3 
CAL/CM-SEC-°C 

APR 69 5 178.3.39 



APO LLO LUNAR SURFACE  DR I LL  

I TENTAT IVE I 

�-
- ---=:::--- - . - � -___...__ _ 

• EARTH WE I GHT, LB: 29. 54 ( TOT A U  

• STOWED S IZE, I N. : 22. 7 X 9. 6 X 7 
( NOT I NC DR I LL STR I NG & CAP S )  

• D R I LL O PERATED B Y  SELF-CONTA I NED BATTERY 

• BATTERY I NSTALLED 5 DAYS P RELAUNCH { DRY: 2 Y R  
• BATTERY S HELF L I FE 

ACT IVATED: 30 DAYS 

• DR I LL I N G  P R I NC I P LE: ROTARY 
PERCU S S ION 

• TORQUE REACT ION SYSTEM: NONE 
( M I N I MAL VERT ICA L  & ROTARY 
REACT ION, EVEN IN ROCK) 

• D R I LL I N G  T I ME: 5 TO 15 M I N/HOLE 
( DEPEN D I NG ON MATE R I AL) 

• A P P ROX 40 M I N  FOR PREPARATION, 
D R I LL W ITH DRAWAL, & ENCASEMENT 

• I NSTALLAT I ON/REMOVAL OF S HEATH 
(CAS lNG)  I N  U NCON SOL I DATED MA
TER I A L  TBD 
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CHARGED-PARTICLE EXPERIMENT CHARACTERISTICS 

POWER 

PHYSICAL PARAMETERS 
S IZE, I N: 11. 3 x 8. 5 x 4. 5  
EARTH WT, LB: 5. 8 

POWER W·
{ 3· 0 DAY 

(APPROXl
. 

6. 1 N I GHT MAX 

COMPONENTS 

Dss 
COMMANDS 
& T I M I NG 

KEY FEATURES 
SENSORS CANNOT OPERATE AT ATMOSPHER IC 

PRESSURE (CALl BRATE IN VACUUM) 
THERMOSTATICALLY CONTROLLED HEATER 

COMMANDS: 

COMMUNICATIONS 
DATA: 

• POWER OPER/STBY/OFF 

• 8 SPEC IAL CMDs FOR: 

DUST COVER REMOVAL (l) 

AUTO/CMD THERMAL CONTROL ( 2) 
AUTOICMD VOLTAGE PROGRAM 

TO SENSOR (3) 

CHANGE SENSOR GA I N  121 
• BACKUP FROM T I MER TO 

REMOVE DUST COVER 

D I S PLAY: PR INTER/TV 

• 6 D I G ITAL WORDS PER ALSEP FRAME 

99 BPS IAPPROX) 

97% SC IENCE, 3% HK 

19. 3 SEC NORMAL REP RATE 

• 6 ANALOG ENG PARAMETERS 

SAMPLED ONCE PER 54-SEC ALSEP 
SEQUENCE 

OPERATIONS 
DEPLOYMENT 

• LOCATE 10 FT FROM CENTRAL 
STAT ION 

• LEVEL + 2. 5 

• ALIGN + f WRT SHADOW 
ISC IENT I FIC & THERMAU 

APPROX TIME, 2 M I N  

POST DEPLOYMENT 

• TURN ON lOPER) PRE-ASCENT 

• READ BASELINE DATA !COVER ON) 

• AFTER ASCENT REMOVE DUST COVER 

• CONTI NGENCY COR RECTIVE ACTIONS 

APR 69 5 1 78.3.41 



CHARGED - PART I C LE EXPER IMENT S ENSOR  

S ENSOR TYPE: CHANNELTRON® ELECTRON MU LT I PL I ER 
PHY S ICAL ANALYZERS 

F I ELD OF  V l EW: 4° x 20° 

ENERGY RANGE: 40 ev TO 70 kev 
FLUX LEVEL: HY TO 1010 PART I C LES/CM2/ S EC/ STERA D I AN 

MODES OF OPERAT I ON: I NTERNAL PROGRAM STEPS 
DEFLECT I ON VOLTAGE THROUGH 8 LEVELS 
( ± 35 ,  ± 350, ± 3500, BACKGROUND & CAU 

BAS IC  DATA WOR D: 19- B I T  COUNTER S FOR EACH 
OF 4 C-TYPE & 20- B I T  COUNTER S FOR l C-TYPE 
& HEL I X  

EACH READ l NG COVERED B Y  2 ALSEP WORD S  
W ITH FLAG ( I  D )  I N  20TH B IT WHEN AVA I LABLE 

PART I C LES I N  
COLL I MAT I N G  S L I TS t DEFLEC T I ON PLATES 

r - ;!HELI X - -

1 TY PE 
1 v �  � I l l  � "'  ELECTRON ......,. •• "'- � - MU LT I PL I ER 

: � C-TY PE L - - � - - � -
PHY S  I CAL ANALYZER 
2/CPLEE (ONE VERT I CAL 
& ONE 60° OFF VERT I CAL) 

OCT 68 5 178. 3.42 



SE ISM IC  EXPER IMENT SUMMARY 

�-T I DAL DATA 

.......,__ { I NC REAS l NG D I STANCE TO 
SOURCE OF ACT I V I TY 

PSE LONG PER I OD 
250 TO 0. 3 SEC 

PSE S HORT PER I OD 
5 TO 0. 04 SEC 

I 
PER I O D ,  SEC 

101 10
° 

10-1 

10-1 10° 101 
FREQUENCY, CYCLES/SEC ( Hz) 

ASE 
3 TO 250 Hz I 

DEC 67 5 178.3 .43 



PART ICLE EXP ER IM ENTS SUMMARY 

LOW-ENERGY SO lAR COSMIC RAYS l 

105 ev 

MAGNETOSPHERIC TAIL 

I THERMALIZED 
SOLAR WIND 

SOLAR I WIND 

101 

ELECTRONS 

100 

POSITIVE 
IONS 

I LOW-ENERGY SOlAR COSMIC RAYS 

MAGNETOSPHERIC TAIL 

I SOlAR 
WIND 

101 

THERMAL I ZED 
SOlAR WIND I 

} SOLAR WIND SPECTROMETER { ---· 
LEGEND: 

MEASURES IN TWO DIRECTIONS 
MEASURES IN SEVEN DIRECTIONS 

c::::J 
I Illi 

c:::::=J 
r n t  n 

LECPA 

SUPRATHERMAL { 
ION DETECTOR 

I I I I { PLUS VELOCITY FILTERING 
L.....-.L.-.J..-....L...-....L.-...J.----1. ( CAN DETERMINE MASS) 

CHARGED-PARTICLE 
LUNAR 

ENVIRONMENT 

HECPA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

r:::::::::J 
n rr1 

c::::J 
Lilt I . 

I J 
111 1 ·  r 
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LEVEL AND  AL IGN I ND ICATORS 
BU BBLE 

R ING ON FACE 
I ND ICATES 
REQU I RED 
SETT I NG 

@ 
USED ON: 

ANTENNA 
LSM 
S I DE 
C PLEE 

PSE HAS BALL 

COMPASS 

· ANTENNA 

� SUN --.... 
--...... 

LSM 

TOOL 

SHADOW 
CAST BY 
SENSOR 
HEAD 

PA I NT 

N & S  
( PLU S-+ E 

ON TOP) 
P---C � 

� / USED ON: SWS 
PSE, SWS, ....Ill!. 1&1 
( S I DE SU BEARTH) ...,. 
HFE & C PLEE APR 69 5 178.3.45 
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CABLES , R EELS AND CONNECTORS 
CONDUCTORS (COPPER) 

W I DTH IJ. 025 1 N. } EQU IV #32 AWG 
TH I C KNES S 0. 002 IN . 
S PAC l NG 0.  050 I N. CENTER TO CENTER 
RES I STANCE: 

TEMP °C OHMS/1000 FT 
- 175 4. 4 

20 18. 8 
125 26. 5 

MUTUALCAPAC ITANCE: 5 PF/FT 
I NS U LAT I ON ('KAPTON" H-F ILM, FEP TEFLON SANDW ICH) 

KAPTON: 0. 002 1N. TH ICKNESS (OUTERI 
FE P TEFLON: 0. 002 I N. TH ICKNESS ( I NNER) 
RES I STANCE: 3 x 106 MEG OHMS/FT 

CABLE 

WE 1 GHT ::::: 0. 5 LB/1000 FTI CONDUCTOR 
ALSEP USES OVER 4000 CONDUCTOR-FT 

(SAVES 10 LB COMPARED TO ROUND CABlE) 
USES MUlJ I PIE CONDUCTORS IN PARALLEL 

FOR HEAVY CUR RENTS 
CONNECT EVERY OTHER LEAD FOR SH IELD lNG 

SPEC IAL CABLE FOR RTG 

UNREELS I N  BOTH 
D I RECT IONS 
S IMULTANEOUSLY 

SPEC IAL CONNECTORS FOR RTG & S I DE 
(TO BE MATED ON THE MOON) 

JAN 69 5 1 78. 3.46 



ASTRONAUT PROV IS I ONS 

I CONSTRA I NTS I 
I MARY CON S I DERAT I ON I SAFETY I CAPA B I L ITY I LEGEND 

P = P R  
S = S E  CONDARY CON S I DERAT I ON PjJ';{!jfM I � � .:::; Q;- � � � � � � � 

ACT IV I TY � � � § � � .!df <Q � Q,: � � COMMENTS 

UNLOAD l NG FRO M  LM s p p p THE RMAL SH I ELD FOR CASK 

RTG FUEL  TRANSFE R  p p s S PEG I AL  TOOLS 

300-FT T RAVE RSE p p p p p BAR BELL C A R RY ( S U I TCASE BAC KU P) 

ELECT CONNECT I ONS p p p 2(RTG & S I DE)  

EQU I P  D I SASSEMBLY p p p p S PEC I A L  TOOL; BOYD BOLT FASTENER 

EXPER CARRY p p s S PEC IAL  TOOL 

LEVEL & ALI GN p p p BU B B LE,  S U N  COMPASS PA I NT 

ANTENNA All  GN p p S PEC I AL KNO BS  & D IALS;ON MAST 

BAC KU P SW I TCHES p p p MA I N LY BAC KU P ;  TOOL  OPERATED 

APR 69 5 1 78.3.47 



WE IGHT SUMMARY 

FOR ALSEP l 
EQU I PMENT SU BPACKAGE l SU BPACKAGE 2 EXTERNAL TOTAL 

STRUCTU RE/THE RMAL 25. 49 21. 73 47. 22 
POWER 5. 07 28. 62 60. 0 93. 69 
DATA 33. 47 2. 06 35. 53 
EXPER CABLES 2. 06 l. 68 3. 74 
PSE 23. 94 0. 17 24. 1 1 
LSM 17. 55 17. 55 
sws 1 1. 68 11. 68 
S I DE 19. 41 19. 41 
S PEC I AL TOOLS 20. 00 20. 00 

TOTAL 119. 26 93. 67 60. 0 272. 93 
WE I GHT LEFT ON LM= 45 LB D EC 67 5 178 .3.48 



ALSEP 1 DAY T IME  POWER  

LSM S 1 TE SURVEY LSM FLIP/CAL PSE LVL 

NORMAL 49. 17 I / _t PCU 
49. 07 I 49. 17 I 

45· 07 8. 00 CONV . f_ PCU 
7. 50 1CONV LOSS 

_t PCU 
8. 00 CONV 

LOSS 

_t PCU 
8. 00 CONV } LOSS INCRE-

37. 57 LOSS 13. 60 " 1 r 3. 50 t. l )3. 60 f \ I }  MENT 

32. 071 5. 50 SIDE LiM \ 
P;E � LSM 

26. 07 1 SITE FLIP/CAL LVL 6.00 sws SURVEY 

o. 27 r 5. 80 LSM I 
20r 5. 07 PSE I 

15. 20 DATA 
SUBSYSTEM 

DEC 67 5 178 .3.49 



70 

0:: LU 

� 30  0.. 

ALSEP  1 N I GHT POWER  

20 

68. 08 

9.t90 

58. 18 

8. 50 
49. 68 

45. 68 IHTR 4. 00 

40. 18 1 5. 50 

33. 68r 6. 50 

28. 58 ( HTR 5. 10 

22. 781 t 5.fl 
. 48 f  HTR 2. 38 

15 . 20r f 5. 28 

t 
,r
o 

DSS INTERM ITTE HTR NT 

PCU 
CONV 
LOSS 

+0-5 10£-

sws 

J9 LSM 

7.r PSE 

WORST CASE: IF RTG OUTPUT 
I S  LESS THAN 68. 08 W, SOME
TH ING MUST BE SW ITCHED OFF 

} I NTERM ITTENT 

sw 

AD 

} IN  

} 

S HTR USES OFF-PEAK POWER (MAX TOTAL 6. 501 
D IT IONAL 1 WATT FOR LSM 
FLI P/CAL EVERY 12 HR 

TERMITTENT 

P ROPORT IONAL CONTROL 
OVER RANGE FROM 5. 28 TO 7. 58 

OCT 68 5 178.3.50 



ALSEP 1 DATA SUMMARY 

NORMAL B IT RATE 
( l .  06 KB PS)  

POWER CONTROL 
CMD 

OTH ER OPERAT IONS 
NUM BER PER ALSEP FRAME 

OF  
WORDS PER EX PER FRAME 

REP BAS IC FRAME 
RATE 
( S EC)  COMPLETE CYC LE 

SC I ENCE 
NUM BER 

H K, IN EXPER FORMAT OF 
PARAM- H K, I N  ALSEP ADC 
ETERS 

SC I ENCE, IN  A LSEP  ADC 

���;(�;(��o/ Q_: � I COMMENTS 

2 4 4 3 3 3 3 3(a)  } TOTAL 100 
2 9 15 8 1 5 35 -

- - 5( b) 43 7 4 5 - TOTAL 64(b) 
- - - 86 7 186 lO -

- - 0. 6 1 . 2 0. 6 28. 1 1. 2 -

- - 54 1 . 2 9. 6 449 3710 -

- - - 7 3 8 5 - VA R I OUS SETT I NGS 
- - 6( c) 1 25 92 195 - ' I NC CAL S I GNALS 

19 22 24 8(d) } 15 
- - -

TOTAL 90 
- - - - - - 2 

(a) MAY BE USED FOR TEST; (b) 5 D S S  WOR D S  = ADC OUTPUT P LUS 6 PARAMETE RS ; 

( c) SYNC, FRAME CNTR, B IT RT I D, ALSEP I D, C MD AS R CVD, CMD MAP ;  

(d) 8 PSE WORDS = 1 1  PARAMETERS 
DEC 67 5178.3.5 1 





ALSEP  OPERAT IONS 

• PRELAUNCH PHASE: FROM START OF PRELAUNCH ACCEPTANCE TESTS TO COMPLET ION 
OF INSTALLAT ION I N LAUNCH VEH ICLE 

• LUNAR SURFACE PHASE: CREW ACT IV I T I ES WH I LE DEPLOY I NG ALSEP ON LUNAR 
SURFACE 

• LUNAR M I S S ION PHASE: I N I T I AL START-U P  ACT IV I T I ES AT MCC FROM F I R ST 
COMMAND (XMTR ON) TO COMPLET ION OF EXPER IMENT PREPARAT I ON FOR NORMAL 
OPERAT I ON (OVERLAPS APOLLO LUNAR M I S S ION) 

• FORTY-F IVE DAY CONT I NUOU S DATA PHASE: FROM COMPLET ION OF EXPER I MENT 
PREPARAT ION FOR NORMAL OPERAT ION TO END OF 45TH DAY AFTER DEPLOYMENT 

• ONE-YEAR ALSEP M I S S ION PHASE: FROM COMPLET ION O F 45TH DAY AFTER DEPLOY
MENT TO TERM I NAT ION OF OPERAT I ONS ( POS S I BLY TWO YEARS AFTER DEPLOYMENT) 

OCT 68 5 1 78.4. 1 



PRELAUNCH  P HASE 

KSC ALSEP I NTEGRAT ION 

I NSTALLAT ION I N  LUNAR MODULE 

RTG CAS K LOAD l NG 

ALSD I NSTALLAT I ON 

DEC 67 5 178.4.2 



KS C A LS E P  I N T E G RAT I O N  

• CHECK OUT DATA SU BSYSTEM 

• CHECK OUT AND I NTEGRATE EACH EXPER IMENT 

• I NTEGRATED SYSTEM TEST 

NETWORK TESTS CONDUCTED SEPARATELY 

TESTS COMPLETE D BEFORE F-60 DAYS 

DEC 67 5 178.4.3 



INST ALLAT ION lN LUNAR MODULE 

• SL I DE I N  

• U FT AND I NSERT P I P  P I NS 

• CLOSE THERMAL DOOR 

I NSTALLAT I ON 
F IXTURE OCT 68 5178.4.4 



525 
LEVEL 
(SLA) 

RTG CASK  LOAD I NG  

PRIMARY METHOD 
ALTERNATE METHOD 

DOOR 
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ALSO  I NSTALLAT I ON  

• ALSD BATTERY MUST BE FRESH OR RECHARGED NEAR LAUNCH T IME 
• ACCOMPL I S HED BY I NSTALL I NG CHARGED ALSD AT F-12 HR (AP PROX) 

(ALS D HAS BEEN F I T-CHECKE D P R I O R  TO ALSEP I NSTALLATI ON) 
• ALS D HAND-CARR I E D TO SEQ BAY 
• OPEN SEQ BAY DOOR 
• I NS ERT ALS D 
• I NSTALL P I P- P I N 
• CLOSE SEQ BAY DOOR 
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ALSEP 
DEPLOYMENT 

TASKS 
AS SOC lA TED 
W ITH LM 

ALSEP 
DEPLOYMENT 
TASKS AT 
EXPER IMENT 

S I TE 

LUNAR SURFACE  P HASE 
TRANSFER 
FUEL 

.. 
REMOVE 

PAC KAGES PREPARE FOR TRAVERSE 

DEPLOY 
CENTRAL 
STAT ION 

DEPLOY 
ANTENNA DEPLOY 

EXPER IMENTS 
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ALSEP  D E P LOYMENT T IM EL I N E  

• K EY T O  M ISSI O N  PLAN N I N G  
• THI S TI MELI NE I S  FOR REFERENCE ONLY - THE F I NAL TIMELI NE W I LL CONFORM 

TO THE FL I G HT PLAN 
• ALSEP 1 T IMEL I NE, 2-MAN EVA 

LEGEND: 
---- EVENT L l NE 

� TEAM ACTI V I TY. BOTH EVA CREWMEN REQU I RED TO ACCOMPLI SH 
888 A G I VEN TASK 

COUPLED ACTI V I TY. BOTH CREW MEMBERS ARE WORK I NG ON RELATED TASKS 
AND ARE I N  VO l CE COMM WI TH EACH OTHER . V I SUAL CONTACT BETWEEN 
CREWMEN I S  H I GHLY DES I RABLE BUT NOT MANDATORY 

UNCOUPLED ACTI V I TY. CREW MEMBERS WORK I NG ON UNRELATED TAS KS 
AND P ROCEED I NG I NDEPENDENTLY 
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ACT I V ITY T I M E L I N E  

CREW PREPARAT I ON ACT I V I T I ES NOT I NCLU DED I N ALSEP T I MEL I NE: 

• DESCENT TO SU RFACE 

• PLS S STATU S CHECKS 

• EVA COMM CHECK 

• OPEN SEQ BAY DOOR 

ALSEP DEPLOYMENT ACT IV I T I ES START W I TH CREW MEN ON SU RFACE 
AND SEQ BAY DOOR OPEN 
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M IN : SEC 

00:00 

00:54 

00:55 

02:02 

02:03 

ITENTAT I VEl 

04:26 

ACTIV ITY T IME LI N E  ( CONT . ) 
COMMANDER ACT I V ITY 

REMOVE P KG # l 

( 54 SEC) 

RELOCATE PKG #l 

(l5 SEC) 

MON ITOR FOR SAFETY 

P KG #2 OUT 

MON ITOR FOR SAFETY 

RESTOW BOOMS 
( 30 SEC) 

C LOSE SEQ BAY DOOR 
( Ol M I N) 

O BTA I N  & STOW GEOLOG ICAL 

TOOLS 
( 42 SEC) 

REPORT: READY FOR FUEL 
TRANSFER 

LM P I LOT ACT I V ITY 

MON ITO R  FOR SAFETY 

P KG #l OUT 

REMOVE P KG #2 

(53 SEC) 

RELOCATE P KG #2 

(ll SEC) 

REMOVE ALHT 

(42 SEC) 

REMOVE & DEPLOY ALSEP 
TOOLS 

(01 M I N  30 SEC) 

MCC & REMARKS 

AC K & 
LOG ( REMOVE ) 

PAC KAGES 

AC K & 
LOG 

AC K & 
LOG 
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REMOVE PACKAGES 
• REMOVE PKG #1 

RETR I EVE BOOM LANYARD , PU LL 
PKG OUT & LOWER W ITH BOOM. 
RELEASE PKG & PLACE I N 
TEMPORARY LOCAT ION 

• REPEAT FOR PKG #2 

• RELEASE & REMOVE ALHT 
• RETR I EVE DOOR LANYARD & 
LOWER DOOR 

• REMOVE & DEPLOY TOOLS 
REMOVE PULL P I N S ,  RETR I EVE 
TOOLS AND PLACE I N  NEW 
LOCAT ION S ,  MATE MAST TO PKG #l 

= 
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ACT IV ITY T IMELI N E  ( CONT . ) 

MIN  SEC C MMANDER ACT V ITY LM P I LOT ACT IV ITY MCC & REMARKS 
04:27 CONTI NUE STOW ING 

GEOLOG ICAL TOOLS 
ROTATE PKG *2 UPR IGHT & 
REMOVE SUBPALLET 

(40 SEC) 
MON ITOR FOR SAFETY & ROTATE FUEL CASK CRANSFER) 

SUPPLY TOOLS (43 SEC) FUEL 
!TENT AT I VEJ REMOVE CASK DOME 

(26 SEC) 
TRANSFER FUEL CAPSULE 

(01 MIN  08 SEC) ACK & 
07:24 lliQ!ll: RTG FUELED LOG 
07:25 ASSEMBLE BARBELL 

RETR IEVE SUBPALLET CONFI GURAT ION eREPARE FOR) 
( 16 SEC) (27 SEC) ACK & TRAVERSE 

.!3!fQ!ll: START OF TRAVERSE LOG 
CARRY SU BPALLET & ALHT 

LEAD TRAVERSE CARRY BARBELL 
1P ICK ROUTE 
REST AS NECESSARY REST AS NECESSARY (TRAVERSE) 

(5 MIN  52 SEC) (5 MIN 52 SEC) I 45 'B1EQJll: TRAVERSE COMPLETE �& 
LOG 

OCT 68 5 178.4. 1 2  



TRANSFER  FUEL  

• ROTATE PKG #2 & REMOVE SU B PALLET 
USE  UHT TO ROTATE PKG #2 U P R I GHT 
RELEASE BOYD BOLTS , REMOVE SU B PALLET FROM PKG #2 

• ROTATE FUEL CAS K FOR FUEL TRAN S FER 
RETR IEVE CAS K  LANYARD 
ROTATE LEVER S  
PU LL S PL I NE 
ROTATE CAS K  TO DES I RED ANGLE 

• REMOVE CAS K  DOME U S  l NG D RT 

• TRANS FER FUEL CAPSU LE 
ENGAGE m W ITH CAPSULE 
LOCK TOOL TO CAPSU LE TO RELEASE 

FROM CAS K 
W ITHDRAW CAPSU LE 
LOWER I NTO RTG 
RELEASE TOOL FROM CAPSU LE TO 

LOCK I N  RTG APR 69 5 178.4. 13 



PREPARE FOR TRAVERSE 

• ROTATE & RE-OR l ENT PKG #2 
• JO I N  MAST TO PKG #2 

(ALREADY MATED TO PKG #1) 
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TRAVERSE 

--�- -� 

• REST, AS NECESSARY 
I ==-=oo-....._ 

..-- -- · -- ----=-- ----� 

• COMMANDER P IC KS DEPLOYMENT S ITE 

APR 69 5 1 78.4. 15 



M IN : SEC 

13:46 

ITENTAT IVEI 

15: 12 

15: 13 

16: 1 3  

16: 14 

I 
1 6:28 

ACTIVITY T IM E L IN E [CONT . ) 

COMMANDER ACT I V ITY 

TEMPORAR I LY EMPLACE 
SU BPALLET & ALHT 

( 14 SEC )  
ROTATE PKG #2 

(9 SEC) 
DEPLOY P KG #2 

!01 M I N  3 SEC) 

AMMETER READ lNG 

CONNECT RTG TO CENT STA 
102 SEC) 

D I SCONNECT & STOW MAST 
(58 SEC) 

ROTATE PKG #1 

( 14 SEC) 

LM P I LOT ACT IV ITY 

DEPLOY MAST/P KG 4H 
(22 SEC) 

MON ITOR FO R SAFETY 

REMOVE S I DE/CC I G  & 
CONNECT C ABLE 

(41 S EC) 
ACT IVATE RTG SW 

(2  SEC )  
RTG SW ON 

DEPLOY PSE  STOOL 
( 1 8  SEC) 

MCC & REMARKS 

ACK & 

("'PlOY ) 
CENTRAL 
STAT ION 

LOG PET -ZERO 

ACK & 
LOG 
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ACTIV ITY T IME L I N E  ( CONT . ) 
M IN : SEC COMMANDER ACT IV ITY L.M P I LOT ACT IV ITY MCC & REMARKS 
16:29 RELEASE SWS 

(32 SEC) 
RELEASE PSE DEPLOY SWS 

(32 SEC) (01 M IN 22 SEC) 
REMOVE LSM 

(54 SEC) E£fQ!ll: ALIGNMENT COMP 
DEPLOY PSE � r£PlOY ) 
(01 M IN 05 SEC) CENTRAL I TENT AT I VEl RELEASE SUNSH I ELD STAT ION 

(03 M INI ElEQEI: ALIGNMENT VALUES 8£!$. I (DEPLOY) 
DEPLOY LSM EX PER 

DEPLOY SUNSH IELD (02 M IN 34 SECI I ( DEPLOY ) 
(53 SEC) EI.EQBJ: ALIGNMENT VALUES � ANTENNA 

ASSEMBLE ANTENNA DEPLOY S I DE/CC I G  I !02 M IN  06 SECI !03 M IN 42 SEC) 
CONF IRM: AZ/EL SETT ING �: AZ/EL SETT ING 

(02 MIN 07 SEC) 
ACTUATE SW-1 O BTA IN METR IC 
REQUEST: XMTR ON PHOTOGRAPHS OF ...... 

DEPLOYED ALSEP 
IF ALSEP DOES NOT RESPON "<t 

00 
ACTUATE SW-2 AND SW-3 COMMAND: XMTR ON ...... .... 

!lli]Jll: TM STATUS II') 

28:00 !ill:QBJ: SW POS IT IONS ! o-

8.Q! "() 
0::: 

& LOG a.. 
< 

TBD RETURN TO LM RETURN TO LM 



DEPLOY C ENTRAL STAT ION 

e D EPLOY MAST/ PKG #I  
D I SCONNECT MAST FROM PKG #2 
CARRY MAST/ PKG #l 10 FT 

e DEPLOY PKG #2 
ROTATE PKG #2 U PR I GHT & AL IGN E-W 
READ AMMETER 

e CONNECT RTG TO CENTRAL STAT I ON 
RELEASE BOYD BOLTS & REMOVE CABLE 
PLU G  I N  CABLE 
ACT IVATE RTG SW ITC H  

e REMOVE S I D E  AND CONNECT CABLE 
RELEASE/REMOVE S I DE FROM S U B PALLET 

TEMPORAR I LY PLACE ON S U RFACE 
PLU G  IN CABLE 
D I SCONNECT MAST FROM P KG #l  & STOW 

TEMPORAR I LY 
ROTATE PKG #l  U PR I GHT AND AL IGN  E-W 

e REMOVE EXPER AND DEPLOY SUNSH I ELD 
REMOVE PSE STOOL FROM S U B PALLET & DEPLOY 
REMOVE & DEPLOY SWS 
REMOVE & DEPLOY PSE SENSOR 
REMOVE LSM & PLACE TEMPORAR I LY ON S U RFACE 
RELEASE  SU NSH  I ELD & ANTENNA BOYD BOLTS 
U SE TOOL TO CONTROL U PWAR D  ( S P R  l NG) 

MOT ION OF SUNSH I ELD 
REMOVE & D I SCAR D CURTA I N  COVERS 

APR 69 5 1 78 .4. 18 



DEPLOY ANTENNA 

• ASSEMBLE ANTENNA 
• INSTALL MAST ON CENTRAL STAT ION 
• I NSTALL A IM I NG MECHAN I SM ON MAST 
• I NSTALL ANTENNA ON A I M I NG MECHAN I SM 

• OR l ENT ANTENNA 
• ENTER COARSE & F I NE ADJU STMENTS I N  AZ IMUTH 
• ENTER COARSE & F I NE ADJU STMENTS I N  ELEVAT ION 
• LEVEL A IM I NG MECHAN I SM BASE 
e AL I GN E-W WRT SHADOW 
• RECHEC K LEVEL 

APR 69 5 1 78.4. 19 



D EP LOY EXP ER IMENTS 

sws PSE LSM S I DE  

CARRY 13 Ff CARRY lO Ff CARRY 50 FT CARRY 55 FT 
EXTEND LEVEL I NG LEG S REMOVE G I R D LE DEPLOY S U P PORT LEG S P LACE ON S U R FACE 
PLACE ON S U R FAC E PLACE ON STOOL PLACE ON S U R FAC E DEPLOY G ROU N D  SC REEN 

( PART I ALLY U N FO LD SHROU D U N FOLD SENSOR ARMS RELEASE CC I G  
SELF- LEVE L I NG)  LEVEL BY BALL REMOVE PRA COVER S EMPLACE S I DE  O N  

AL I GN B Y  I N D ICATOR LEVEL BY B U B BLE G ROU N D  SC REEN 
SHADOWS READ AL I GNMENT AL I GN B Y  EMP LACE C C  I G  

B Y  GNOMON S HA DOWGRAPH LEVEL BY B U B B LE 
SHADOW READ S HADOWG RAPH A L I GN B Y  

A L I GNMENT S HADOWS 
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MSFN/MCC O P ERAT IONS  

• OPERAT IONAL CONCEPT 

• SCHEDULE OF MON ITOR I NG 

• MCC MON I TOR I NG & CONTROL REQMTS 

• OPERAT IONAL PHASES 

OCT 68 5 178.4.21 



OPERAT IONAL  CONCEPT 
_,� TM ( OOWNL I  NK)  

CMD (U PL I N K) 

I TAPE VOI CE  & T I ME I 
MCC JE

_
c

_
o R

_
DE

_
R
_ !:::.

I
=
N

=-
S E

::-::
R
..=

T
_
I
=
O=N-=:::!_ -+---+- _j 

I r - - ,  �----=,- I 
I IO I S P LAY I ICMD PANEL 

L _ .....J L- - - - ..J  

I � 

:. -{GsFCl:-�---�___i T '(Hawai i  or  London)  

-- -- -

-� -- ----- -- _j 
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S INGLE -ALSEP  SCHEDUL ING  

T I ME PER I OD � F-70 DAYS 0-45 DAYS 45-365 DAYS 365-720 DAYS 

ACT I V I T I ES AT NETWORK RECORD CONT I NUOUSLY 
MSFN S I TES COMPAT I B I L I TY All ALSEP DATA I F  CON D I T I ON S  WARRANT, 

TESTS ALSEP  CAN BE LEFT ON 

(SEVERAL U P  TO 2 YR,  TERM I NATED 

MCC-H HOURS) 
MON ITOR & MON I TOR & BY ACCUTRON T l  MER 

ACT I V I T I ES CONTROL CONTROL 2 HR  
CONT I N UOUSLY PER DAY* 

*ALSO LONGER PER I OD S ,  U P  TO 60 HR,  DU R I NG LUNAR S UNR I SE & S UNSET; PLUS 
EXTENS I ON WHEN CONT I NGENC I ES OCC U R  
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CMD  AND  T M  SUMMARY 

B U I LD I NG 4 ALSEPS FOR EAR LY APOLLO LUNAR LAN D INGS  

UPL I NK (CMD) 
• ONE FREQUENCY, 2119 MHz 
• 8 DECODER ADDRES SES (2/ALSEP) 
• 100 ALSEP COMMANDS, 65-75 USED 

ON ANY S I NGLE ALSEP 
(7- B IT CMD ALLOWS 128, BUT 28 
ARE NOT VAL l D) 

• ALL COMMANDS ARE RTC 1S, NO 
1 1LOAD1 1  CAPAB I L ITY I S  REQU I RED;  
(S I DE USES 5 CMDs MULT I PLEXED,  
4-CALLED LOADS-TO SET REG I STER 
& 1 TO EXEC UTE) 

• NO T I ME-CR IT ICAL CMDs EXCEPT 
PSE FORCED LEVEL I NG ( BAC KU P  TO 
AUTO MODE) WHERE CMD I S  SENT 
TW I CE W I TH T I ME I NTERVAL ± 10 SEC 

• MAX 1 CMD/SEC L I MITED BY DECODER 

DOWNLI NK (TM) 
• 4 D I FFERENT S- BAND FREQUENC I ES 

ALLOCATED 
• DATA RATES: 1. 06 KBPS NORMAL, 0. 53 

KBPS CONT I NGENCY 
(ALSEP 4 HAS ADD IT IONAL 10. 6 KBPS 
HBR SELECTED BY CMD; USED ONLY 
PER I OD I CALLY TO SUPPORT ASE; 
ASE REQMT ONCE/WK 15-30 M IN  PLUS:;  1 HR 
WHEN CREW I S  ON SURFACE & ::::: 1 HR 
SEVERAL MONTHS LATER) 

• 30-FT MSFN ANTENNA ADEQUATE FOR NORM 
B I T  RT; 85-FT REQD FOR HBR 

• ALSEP FRAME = 64 10- B IT WORDS 
(0. 60377 SEC @ NORM B IT RTI 

• CMD VER I F I CAT ION WORD ( I NC MAP) 
APPEARS ONLY ONCE I N  TM STREAM 

APR 69 5178 4.24 



MULT IP LE -ALSEP  SCHEDULI N G  

NETWORK NETWORK PET2=0 PET2=45 
TEST 1 1/TEST 2 I l l  ({/ •• l l l �{/ l l lll l lf/ 1 1 1 111 1 1 1� 1 1 1 1 111 1 1 1{( 1 1 1 1 111 1 1 1 {( 1 1 1 1 1 111 1 1 1  1 1 1 1 111 1 1 1  1 1 1 1 111 1 1 1  1 1 1 1 11 1 1 1 1 1  

F(70 PET (0 PET (45 PET1=57 71 85 99 113 127 141 155 
SUNR I SE SET R I SE SET R I SE SET R I SE SET 

NETWORK TEST 3 PET 3 =O PET 3 =45 57 141 
l/57 71 85 99 113 l ! l l l l l l lll l l l l l l l l l l l lll l 
1 1 1.1 1 1 1 1 1 /( 1 1.1 1 1 1 1 1// I I I I.I I I I// 1 1 1 1.1 1 1 1// 1 1 1 1 1. 1 1 1 1 // I I I III I I I I I I I I I IWI I I I  I I I I I IW I I I I I I I I I III I I I I I  1 1 1 1 111 1 1 1 1 1 1  
I I I I I.I I I � I I I III I I II I I I I I I.I I ((I I I I I I I III(( I I I I I I I I. ((I I I I I I I IW I I I I I I I I I IWI I I I I I I I I IW I I I I I I I I III I I  1 1 1 1 1 1 1 11 1 1 1 1  

169 183 197 211 225 239 253 267 281 365 
R I SE SET R I SE SET R I SE SET R I SE SET R I SE R I SE 

DEC I S I ON TMR CUTOFF 
155 169 253 267 365 FOR ALSEP 3 491 505 603 617 715 SEP 3 

l l l l l l l lll l ll l l l l l l lll � l l l l l l l llllt" l l l l l ll ll l l l l l l l l lll �� D� orr � Dl � 0 �-J 
1 111 1 1 1 1 1 1 1  11 1 1 1 1 11 1  1 1 11 0 0 0 D D 0 CJ l"-"1 rJ 

0 D 0 D D D 0 r--, r-1 �-, r-, r - ,  I I I 1· I o I I I I L-J &...-J L - J  L _J ._ _ _. 
DEC I S I ON 393 477 DEC I S I ON 589 603 7 1� 827 949 963 
FOR ALSEP 1 R I SE R I SE FOR ALSEP 2 R I SE SET S SET�SET R I SE 

MR C TOFF 1 MR CUTOFt-
ALSEP 1 ALSEP 2 
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MCC  MON ITOR I NG  AND C ONTRO L R EQU I R EMENTS 

LEGEND 

MON ITOR I NG H = H I GH PR IOR ITY 
& CONTROL M = MED I UM PR lOR ITY 

PWR/THERMAL H H H L = LOW PR l OR I TY 
OTHER ENG c C = CONT I NGENCY-OR I ENTED 

STATU S H M 
P = PR I NC I PAL I NVEST I GATOR 

SC I ENCE p P+R R R = ROUT I NES , PRE P LANNE D 
CMD FUNCT ION H M L I = I N I T I A L TUNE-U P  STATU S 

SEND E = ENV I RONMENTAL CHANGES 
I +C E+C E+C ( SUCH AS SOLAR FLARES ) COMMANDS 
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LUNAR M ISS I ON  P HASE  

• SYSTEM START -UP 

• EXPER IMENT START- UP 

• ACT IV I T I ES PHASED TO LM ASCENT 

• PRE-S PLASHDOWN CONSTRA I NTS 
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SYSTEM START - U P  

ACT I V I TY COMMENT 

CREW: REQUESTS XMTR ON NOTE: START -UP DEPENDS UPON 
MCC: CMD XMTR ON RTG WARM-UP CYCLE. 
MCC: VER I FY XMTR ON 
MCC: ADV I SE CREW ' 'XMTR ON1 1 

• TH I S  ACT I V I TY MARKS BEG I NN I NG OF LUNAR M I S S I ON PHASE 
• TH I S  I S  THE ONLY CREW/MCC COUPLED ACT I V I TY 
(THERE I S  NO CREW TUNE- UP , CAL I BRAT I ON, ETC. ) 

OCT 68 5 1 78 .4 .28 



EXPER IMENT START - U P  T IM  EL I N E  

H R: M I N  MCC ACT IV ITY 

CMD XMTR ON 
RECE IVE TM 
CHECK TM STATUS 
CMD LSM OPER 

� C HECK LSM STATU S � CMD PSE OPER 
8 CHECK PSE STATU S V') 
1..1.1 * CMD SWS OPER 
� CHECK SWS STATUS ;:: * CMD S I DE OPER z 
!=! CHEC K S I DE STATUS � 

C.!) 
CMD D U ST ON � 
CHEC K DUST STATUS 
CMD LSM RANGE 

& OFFSET 
CMD LSM FL I P/CAL 
MON I TOR FL I P/CAL 

STATUS 

c Ll.l et: Ll.l 
e> 
u 

*
MAY REQUEST SEVERAL DAYS VACUUM SOAK  

c Ll.l et: Ll.l 
e> 
u 

REMAR KS 

LEGEND: 

c::J OFF 
� STBY 
IIIIIIlJ 0 PER 
� S PEC IAL 

MON I TOR POWER 
RESERVE STATU S 
& ADJ U ST PDR 
LOADS BEFORE 
EACH NEW EXPER, 
I F  NECES SARY 

EX PER CHEC KS 
CONT I NUE 
CONCUR RENTLY 

LM ASCENT 
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START - UP  T IM E L I NE  ( CONT . ) 

HR: M I N  MCC ACT I V I TY ST ATUS REMARKS 

PSE LSM SWS S I DE 
CMD PSE UNCAGE MAY BE PRE-ASCENT 
CHEC K PSE 
CMD S I DE STBY 

I} AS NECESSARY FOR 
CMD SWS STBY 

.---
CMD PSE LEVEL II POWER MANAGE-

Ll.l CMD PSE GA I N  (..) II 
MENT DU R I NG 

z 
CMD PSE CAL 

�� PSE LEVEl i NG 
Ll.l => 
0 CMD SWS OPER Ll.l � �  Vl 

CMD S I DE OPER Ll.l 
> 0 a:: 
- CMD LSM FL I P/CAL � I--

Ll.l } REPEAT AS NECES SARY ; 1- > 
<( MON I TOR FL I P/CAL 

<( � 0 
1- (..) � z z 
Ll.l CMD SWS COVER GO 1- � S ITE SURVEY MUST 

.__ I l l  
CMD S I DE COVER GO I ill OCCUR BETWEEN 

CMD CC I G SEAL BREAK 
4TH & 5TH 

I I  I I  Ll.l 
CMD LSM S ITE SU RVEY 

a:: FL I P/CAL Ll.l 0 
e; Ll.l 

MON ITOR SU RVEY 
a:: Ll.l 

FU LL OPERAT ION 
(..) > z 0 

t lffi (..) z => 
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ACTIV IT I ES PHASED  TO LM ASCENT 

• LSM FL I P/CAL REQD APPROX 1 HR BEFORE ASCENT 

• PSE UNCAGE MAY BE SCHEDULED BEFORE ASCENT 

• MON ITOR ALL SC I ENT I F IC & ENG I NEER lNG DATA BEFORE, DU R I NG, & AFTER ASCENT 
TO DETERM I NE EFFECTS OF LAUNCH ( DUST DETECTOR I S  A KEY MEASU REMENT) 

• REMOVE DUST COVERS & BREAK COLD CATHODE GAUGE SEAL SHORTLY AFTER 
ASCENT 

OCT 68 5 178.4. 3 1  



PRE - SP LASH DOWN  CONSTRA I NTS 

I F  NECESSARY DUR I NG CR IT ICAL APOLLO MANEUVERS , 
ALSEP XMTR MAY BE TURNED OFF. OTHER APOLLO PR l OR I T I ES 
MAY TAKE PRECEDENCE OVER ALSEP PR l OR I T I ES. 

DEC 67 5 1 78.4.32 



45 - DAY CONT I NUOUS  DATA P HASE 

• MON I TOR ENG I NEER I NG & SC I ENCE DATA AGA I N ST L I M I TS 
• ESTABL I SH ENG INEER I NG DATA TRENDS FOR USE DUR I NG LATER 

I NTERM ITIENT OPERAT I ONS 
• ADJUST EXPER I MENTS FOR OPT I MUM SC I ENT I F I C DATA COLLECT I ON 

& CHANG I NG ENV I RONMENTAL COND I T I ONS AS REQUESTED BY THE 
PR I NC I PAL I NVEST I GATOR 

• APPLY COR RECT IVE �OMMANDS FOR CONT I NGENC I ES ,  AS NECES SARY 

D EC 67 5 1 78.4.33 



ONE -YEAR ALSEP  M ISS ION  P HAS E  

• MON I TOR ENG I NEER I NG & SC I ENCE DATA AGA I NST L IM ITS & TRENDS 
ESTABL I SHED DUR l NG PREV IOUS CONT I NUOUS OPERAT IONS 

• ADJUST EXPER I MENTS IN ACCORDANCE W ITH ROUT I NES PRESCR I BED 
BY THE PR I NC I PAL I NVEST I GATORS 

• APPLY CORRECT IVE COMMANDS FOR CONT I NGENC I ES , AS NECESSARY 
• AT YEAR END , TURN OFF XMTR OR CONT I NUE OPERAT IONS AS 
D I RECTE D 
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STRUCTURE/TH ERMAL SUBSYSTEM 

• COMPONENTS & FUNCT I ON 

• DEPLOYMENT 

• COMMANDS & DATA 

APR 69 5178.5. 1 



STRUCTURAL 
ELEMENTS 

JO I NTS , 
F ITT I NGS 
& FASTENERS 

MECHAN I CAL  CR ITER I A  

e W ITHSTAND LOADS OF LAUNCH, FL I GHT, & 
LUNAR LAN D l NG 

e W ITHSTAN D LOADS AS SOC lA TED W ITH DEPLOYMENT 
e SUPPORT THE EQU I PMENT ON THE LUNAR SURFACE 

e HOLD SECU RELY I N  LOCKED POS IT IONS 
e RELEASE & FUNCT ION OUR lNG DEPLOYMENT 

SPEC IAL J I GS & SH I P P  l NG CONTA I NERS PROV I DE 
PROTECT ION FOR PRELAUNCH HANDL I NG, TRANS
PORTAT ION , & STORAGE 
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CENTRAL STAT ION THERMAL CONTRO L  

CURTA INS 
(E-W) 

MECHAN ICAL 

N-S 
D I RECT ION 

4 • 

ELECTRON ICS 
INSULAT ION 

THERMAL PLATE (RAD IATOR) 

ELECTR ICAL 
DSS  HTR 1 

05�SEL .-----:D,.-,S-::-S-:-H=TR,.---,-2 ----. o-gFF 
05� lO W 

I 
I I JJ 

DSS HTR : � 
05� 2 SEL : 

j 
RETURN 

02� DSS HTR 3 
ON 

29 v 
02� DSS HTR 3 

V OFF 

RETURN 

I 
I 

� 

: 0 

APR 69 5 178.5 .3 



CELL 2 
(VERT ICAL) 

CELL 1 
(NOM I NALLY 

WEST) 

DUST D ETECTOR  
•TO ASSES S  D U ST ACCRET I ON ON ALSEP & I NFER 

DEGRADAT I ON O F  THERMAL SURFACES 

CELL 3 
(NOM I NALLY 

EAST) 

• USES THREE 2 CM X 2 CM PHOTOCELLS , EACH HAV l NG: 

• BLUE F I LTER TO CUT O FF UV BELOW 0. 4 M ICRONS 
• 0. 060- I N. FUSED S I L ICA RAD I AT I ON PROTECT I ON 
• THERM I STOR ON REA R  TO MON I TOR TEMP 

� DUST CELLS ON 
v LfFLiPI_,.... 
� rlfk2EJ �-D-u--sT ........ c---E--LL�s---o-=FF

............. 
....--1-___.r---� 

+ 12 V 0. 25 AMP FUSES 

- 12 v 
I LLUM I NAT I ON DATA 

r - - - - - - - - - - - � , 
I THERM I STORS PHOTOCELLS 
I (3) (3) L_ _ _ _QETECTOR_f� KAGl _ _  j 

NOTE: AT ALSEP 
TURN-ON, FL I P-FLOP 
CAN BE E ITHER ON 
OR O FF 

AMP L I F I ERS  
(3) 

SEPT 68 5 178. 5.4 



FASTENERS 

BOYD BOLT 

U SED FOR TENS ION & 
SHEAR CONNECT IONS: 

EXPER/ SUNSH IELD 
SUNSH I ELD/ PR I MARY 

STRUCTU RE 

P I P  P I NS 

SPR I NG-LOADED 
DETENT BALLS 
USED FOR SHEAR 
CONNECT I ONS:  

SU BPALLET/ PALLET 
ALSD PALLET 
TOOLS S U B PALLET 

APR 69 5 178.5 .5 



MAST /CARRY BAR 

BOTTOM SURFACE 
OF SU BPAC KAGE l 

EDGE 

BOTTOM 
SURFACE OF 

TAPER 
EXAGGERATED 

PALLET 

HANDLE 

DEC 67 5 178.5.6 



PR IMARY 
STRUCTURE 

MAST/PR IMARY STRUCTUR�  

............. / . .  ...__ _ __  

CURTA I N S 



MAST/ A IM I NG  M ECHAN I SM 

' 
@ : 

I l I \ I ' ' ,._._ ......... L _ _ _ _  ..J 
I I 
I I 
I I \ I 

TOP 
V IEW 

REMOVABLE I 
COVER .a.i 

I 
� 0  
TAPER 
APPROX (0 

I 

_ _  _j DEC 67 5 178.5.8 



-

A IM ING  MECHAN ISM/  ANTENNA 

BALLS 
( I NS I DE) 

COAX 

ro o  o : o  o :  o o m  
� o o ! o  o l  o o � 
L - - - - - - - - - L - - - - - - - � - - - - - - - - J 

SEPT 68 5 178 .5. 9  



SUNSH I E LD  T I E - DOWN  

· @J � 
RELEASE TH I S  
FASTE NER LAST • . @] @] & 

��·�--�·�--��·---
FASTENER LOCAT I ONS 

DEC 67 5 1 78.5. 10 



TU BULAR 
EXTENDERS (4) 
(HUNTER S PR l NG) 

EXTEND ERS  

SEPT 68 5 178.5. 1 1  



SUBPACKAGE 1 EMPLAC EMENT CR ITER IA 

PARAMETER REQU I REMENT PR lOR I TY I ND ICATOR COMMENTS 

D I STANCE FROM LM 300 + 10 FT  2 MAY HAVE RANGE- F I N DER TRADE OFF OF  PLSS CONSTRA I NTS 
- �:; 

AGA I NST ASCENT STAGE BLAST 

D I RECT I ON FROM LM NOT DUE E OR W 2 EYE BALL AVO I D  WALK I NG I NTO SUN  OR 
SHADOW 

S I TE SELECT I ON APPROX HOR IZ  1 EYEBALL AVO I D  C RATERS AND S LOPES FOR 
THERMAL AND ANTENNA STA B I L ITY 

LEVEL, WRT ACCEPT LOCAL S LOPE 1 B U B B LE I NTERACTS W I TH AL I GNMENT 
I ND ICATOR 

AL I GN,  WRT + 5 °  E-W 1 PART IAL ROSE THERMAL REQU I REMENT; ROSE 
-

S HADOW (NULL L INE) ALLOWS 180° ROTAT ION 

S PEC IAL SELECT I ON OF  S ITE SHOULD C ON S I DER THAT MOST SU BSYSTEMS REQU I RE A P P ROX I MATELY EQUAL 
REQU I REMENTS ELEVAT I ONS  FOR CLEAR F I ELD OF V I EW ( SC I ENT I F I C  AND THERMAU. 

* 200 FT D I STANCE G I VES ZERO THEORET ICAL SAFETY MARG I N, 300 FT G I VES 100%. 

SEPT 68 5-178.5. 1 2  



A IM ING  MECHAN I SM  EMPLACEMENT C R ITER IA  

PARAMETER REQU I REMENT PR l OR lTV I N D ICATOR COMMENTS 

D I STANCE AND NA ATTACHED TO - -D I RECT ION SU B PACKAGE l 
LEVEL, WRT +0. 55° OF BU B BLE I NTERACTS - l I ND ICATOR VERT I CAL W ITH Al l GNMENT 

AL I GN, WRT +0. 5° E-W l PRECLU DES 
SHADOW - NULL L I NE 180° ROTAT I ON 

SPEC IAL NOTE THAT CR ITER lA ARE SHOWN FOR BASE OF 
REQU I REMENTS A I M I NG MECHAN I SM ;AZ IMUTH-ELEVAT I ON G IMBAL 

SETT I NGS ARE FROM S PEC IAL TABLES. 

APR 69  5 178.5. 1 3  



STRUCTURE/THERMAL AL IG NMENT MARK INGS -

SHADOW 
POST 

EAST 

SHADOW 
REFERENCE�........_ 

( PA I NT) 

BU BBLE 
LEVEL 

AFTER LEVEL I N G, ROTA 
TH I S  KNOB TO BR l NG 
SHADOW OF POST U P  TO 
PA I NT 

D EC 67 5 1 78.5. 14 



STRUCTURE/THERMAL TELEMETRY 

H K-27 AT-01 S U N S H  I ELD 1 DEG F H K-83 AX-01 D U ST C ELL 1 DEG F 

H K-42 AT-02 S U N S H  I ELD 2 DEG F H K-30 AX-02 D U ST CELL 2 DEG F 

HK-04 AT-03 THERM PLT 1 DEG F H K-56 AX-03 D U ST CELL 3 DEG F 

H K-28 AT-04 THERM PLT 2 DEG F H K-84 AX-04 DUST 1 OUT MV/CM2 

H K-43 AT-05 THE RM PLT 3 DEG F HK-26 AX-05 DU ST 2 OUT MV/CM2 

HK-58 AT-06 THERM P LT 4 DEG F HK-41 AX-06 DU ST 3 OUT MV/CM2 

HK-71 AT-07 THERM P LT 5 DEG F 

H K-59 AT-08 P R  1 / ST W1 D EG F 

H K-87 AT-09 P R  1 / ST W2 D EG F A LL PARAMETER S  SAMPLED  

HK-15 AT-10 PR  1 / ST 8 1  DEG F O NCE PER 54 S EC A LS E P  
* 

H K-88 AT -11  P R  1 / ST W3 DEG F S EQUENCE 

H K-60 AT- 12 I NS U L  I NT D EG F 

H K-72 AT-13 I N S U L EXT D EG F 

* 
NOW LOCATED  ON POWER D I S S  I PA T l  ON RES I STOR PANEL 

APR 69 5 178.5. 1 5 



STRUCTURE/THERMAL COMMANDS 

OCTAL CMD NUMBER 

027 DUST CELLS ON 
C MD 027 I S  A ONE-STATE C MD THAT ACT IVATES THE SOLAR  C ELL 
OUTPUTS ( 3) OF THE DUST DETECTOR 

031 DUST CELLS OFF 
CMD 031 I S  A ONE-STATE C MD THAT DEACT IVATES THE SOLAR CELL 
OUTPUTS ( 3) OF THE DUST D ETECTOR 

NOTE THAT THERE I S  EQUAL  PROBAB I L ITY OF THE DUST CELLS BE I NG 
ON OR  OFF WHEN ALSEP STARTS UP  I N IT IALLY ON THE LUNAR SURFACE 

055 D SS  HTR 1 SEL 
CMD 055 ACTUATES RELAY K-14 I N  THE PDU APPLY I NG +29 VDC TO THE 
10-WATT HTR IN THE CENT STA AND REMOV I NG +29 VDC FROM THE 5-WATT HTR 

056 D SS  HTR 2 SEL 
CMD 056 ACTUATES RELAYS K-14 AND K-15 IN THE PDU APPLY ING +29 V DC 

TO THE 5-WATT HTR I N  THE CENT STA AND REMOV I NG +29 VDC FROM THE 
10-WATT HTR 

057 D S S  HTR 2 OFF 
C MD 057 ACTUATES RELAY K-15 I N  THE PDU REMOV ING +29 VDC FROM THE 
5-WATT HTR IN THE CENT STA. IF THE 10-WATT HTR IS ON, TRANSM I S S ION 
OF TH I S  CMD W I LL HAVE NO EFFECT 

024 D S S  HTR 3 ON 
CMD 024 ACTUATES RELAY K-18 IN THE PDU APPLY ING +29 VDC TO THE 
THERMOSTAT I CALLY-CONTROLLED 10-WATT HTR I N  THE CENT STA 

025 D SS  HTR 3 OFF 
CMD 025 ACTUATES RELAY K-18 I N  THE PDU REMOV ING +29 VDC FROM THE 
THERMOSTAT ICALLY-CONTROLLED 10-WATT HTR IN THE CENT STA 

APR 69 5 178.5. 16 



ELECTR ICAL  POWER  SUBSYSTEM 

• RAD I O I SOTOPE THERMOELECTR I C GENERATOR 
• COMPONENTS 
• PERFORMANCE 
• KEY FEATURES 

• FUEL TRANS FER AND RTG DEPLOYMENT 
• POWER COND IT ION I NG UN I T  

• FUNCT I ONS AND PERFORMANCE 
• POWER/THERMAL I NTERACT IONS 

• COMMANDS AND DATA 

NOV 68 5 178.6 . 1  



ASSEMBLY 

POWER  G ENERAT ING  F UNCT IO N  

HEAT 
REJECT ION 
F INS BORON 

N ITR I DE 
INSERT 

FRAME 

PC 

TEMP TM 
TO DSS  }::-

THERMOELECTR IC 

RAD I O I SOTOPE 
ENERGY SOU RCE 

RAD IAT IVE 
HEAT 
TRANSFER 

HOT FRAME 
CONVERTER THERMAL ; RAD IAT IV E 
(THERMOP I LE) ENERGY I HEAT 

ELECTR ICAL t t TRANSFER 
ENERGY 1 COLD FRAME 

POWER CONDUCT I VE 
HEADER HEAT 

U }_j + 16VDC TRANSFER 

OUTER CASE 
& F INS 

THERMAL 
RAD IAT IO  N 
TO S PACE 

NOV 68 5 178 .6 .2 



RTG P E R FORMAN C E  

OUTPUT POWER: 56. 2 W (ONE YR) AND UP TO 74 W 
OUTPUT VOLTAGE: 16 VDC (NOM I NAL) 
CURRENT: 4 AMP (AP PROX) 
OVERALL EFF IC I ENCY: 4 o/o (APPROX) 
HOT JUNCT ION TEMP: 1 100 o F o:· (MAX) 
COLD JUNCT ION TEMP: 600 ° F* (MAX) 
FUEL CAPSULE THERMAL OUTPUT: 1430 TO 1520 W 
FUEL CLAD TEMP: 1390 o F (MAX) 
* LUNAR DAY (N I GHT PERF NEARLY SAME) 

JAN 68 5 178.6 .3 



35 

25 

>_ 20 
L.l...l (!) <( 
!:i §; 15 

10 

5 

0 

' 
' ' 

1 

RTG DAY /N IGHT E F F E CTS 

' 
' ' 

' ' 

2 

-m�o:o�o· ------0 -

LEGEND: 

3 4 
CURRENT, A 

THEORET I CAL - - -

TEST {O N I GHT, -200° F 
A DAY, + 175° F 

( F I RST FL I GHT MOD ELl 

5 6 7 8 

1200 � 
c.. � L.l...l 1-
z 1000 2 1-u z :::::> --, 
1-0 :c 
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RTG SUBASSEM BL I ES  

• THERMOP I LE 
• COU PLES , PLUS HOT SHOES , ETC. 
• SPR I NG LOADED TO KEEP 
THE THERMOELECTR IC 
ELEMENTS I N  COMPRESS IVE 
LOAD l NG 

• HERMET IC SEAL 
• FORWARD (TOP) SEAL 
SECURES HOT FRAME 
TO OUTER CASE 

• AFT ( BOTTOM) SEAL 
PROV I DES END COVER 
FOR OUTER CASE 

• POWER LEADS ENTER 
THROUGH AFT SEAL 

• STRUCTURE AND HEAT REJECT I ON 
• CONTA I N  AND SUP PORT OTHER 
EQU I PMENT 

• D I STR I BUTE THERMAL 
ENERGY ( PR IMAR I LY I N  
RAD IAL D I RECT ION) 

• W I R I NG 
• SER I ES - PARALLEL AR RANGEMENT OF 
THERMOELECTR I C  ELEMENTS 

• F I ELD CANCELLAT I ON CO I LS AT EACH 
END OF GENERATOR L IM IT CURRENT
I NDUCED MAGNET I C  F I ELD I NTENS I TY 
TO 0. 24 GAMMAS AT ONE METER , ALONG 
AX IAL CENTERL I NE 

JAN 68 5 178.6.5 



FUEL 

CAP S ULE 

RTG FUEL CASK 

CA P S U LE 

RETA I N I N G  

LATCHES  

• CONSTRUCTED P R I MAR I LY 

O F  G RA P H I TE 

• CONTA I NS FUEL C A P S U LE 

OUR  l NG TRANS LU NAR FL I GHT  

• PROV I DES REENTRY P ROTECT I ON 

I N  CASE O F  O R B I TAL A BORT 

• PROV I DE S  FREE RAD I AT I ON 

S U R FACE FO R CAP S U LE HEAT 

REJECT I ON 

• MOU NTED ON LM EXTER l OR 

JAN 68 5178.6.6 



RTG F U E L  TRANSFER  

APR 69 5 178.6.7 



RTG EMP LACEM ENT C R IT ER I A  

PARAMETER REOU I REMENT PR IOR ITY I N D ICATOR COMMENTS 

D I STANCE FROM 11 ± 1 ft 2 12 ft CA B LE 
A STRONAUT SAFETY AND 

S U BPAC KAGE 1 MAX I MUM V I EW OF S PACE 

D I RECT I ON FROM DUE E OR W 1 EYE BA LL M I N I M I ZE THERMAL LOAD 

SU BPAC KAGE 1 O N  S U B PAC KAGE 1 

S I TE SELECT I ON A P P ROX HOR I Z  1 EYE BALL 
AVO I D  CRATER S AND S LOPES 
FOR THERMAL REA SONS 

LEVEL ± 5° OF VE RT I CAL 1 EYE BALL THERMAL REA S ON S  

AL I GN NONE 3 - FAVOR CA BLE EX I T  

S PEC I AL RTG NEE D S  A P P ROX I MATELY HEM I S P HERE V I EW O F  S PACE FOR 

REQU I REMENTS THERMAL REA SONS ; NO EXPER I MENT W I LL BE W ITH I N  10 FT DUE 

TO THE I R  OWN REQU I REMENTS. 
� . __. 

JAN 68 5 178.6.8 
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POWER CON D IT ION I NG  U N IT 
PHYS ICAL DESC R I PT I ON 

S IZE - 8. 36 X 4. 14 X 2. 94 I N. 

WE I GHT - 4. 5 POUNDS 

POWER - THE I NTE RNAL D I S S I PAT ION O F  THE POWE R COND I l i ON l NG U N I T  ( PC U) 

DEPENDS ON THE I NPUT POWER , THE OUTP UT POWER AND THE REGULATOR 

RAN GE. TYP I CAL I NTE RNAL D I S S  I PAT I O N  CU RVES ARE SHOWN I N  FOLLOW

I N G  I NFORMAT I ON. 

PARTS COUNT - TRANS I STORS 27 RELAY 1 
D I ODES 44 THE RM I STORS 4 
ZENER D l ODES 4 I ND UCTORS 1 1 
CAPAC ITOR S 71 TRANS FORMERS 8 
RES I STOR S  87 

PAC KAG I NG - SEVEN CORDWOOD MOD ULES ARE MOUNTED ON A 1 1MOTHE R  

BOAR D. .. THE RMAL REQU I REMENTS A R E  MET BY US I NG 

MACH I NED,  GOLD - PLATED, MAGNES I UM CA SES FOR THE MODULES.  

CONNECTO R - H U GHES - 88 P I N  
JAN 68 5 178.6. 10 



* 

* 

* 

* 

PCU  F EATURES 
CON S I STS OF RE DUN DANT POWER CON D IT  l O NER S  W I TH BOTH AUTOMAT I C  A N D  
COMMAN DABLE SELECT I ON O F  THE STA N D BY S ECT I ON. OVE R/ U NDER VOLTAGE S 
ARE SEN SED FO R AUTOMAT I C  SW I TC H I NG FROM PCU#l TO PCU#2. 

PROV I DE S  6 REGULATED DC OUTPUT VOLTAGES W I TH NOM I NAL VALU E S  OF + 29 ,  
+ 15 , + 1 2 ,  + 5 ,  -6, AN D - 12 VOLTS. 

CONTA I NS F I LTER S  TO L I M I T O UTPUT R I P P LE VOLTAGE TO BE A P P ROX I MATELY 
150 M I LL I VOLTS PEA K-TO- PEA K. 

OPERATES AT AN E FF I C I ENCY OF A BOUT 85% W I TH A 48 WATI LOAD.  

HAS ' HO LD -OFP ' C I R C U I T  ON PC#1  TO PREVENT START I NG UNT I L RTG POWER I S  
S U FF I C I ENT TO P ER M I T  P C U  O PERAT ION W I TH REGU LAT I ON .  

TO MA I NTA I N  THE RTG TEMPERATU RE W I TH I N  SAFE L I M I TS ,  THE P C U  HOLD S THE 
RTG LOAD AT A ( RE LAT I VE LY) CONSTANT VALUE. 

PROV I DE S  TM S I GNALS FOR MON ITO R I NG RTG CU RRENT, RTG VO LTAGE,  S H U NT 
REGULATOR CUR RENT AND TEMPE RATU RES.  

P ROV I DE S  RESERVE POWER REFE RENCE AN D RESERVE POWER LEVEL S I GNALS 
TO R I P P LE-OFF C I RCU I TS I N  THE P D U .  

JAN 68 5 178.6. 1 1  



S IMPL I F I E D  BLOCK  D IAGRAM - P C U  

- 12  VDC 
,..,. + 29 VDC POWER �'- + 15 VDC CONVERTER �""-- - 5 VDC 

ASTRO ! HOLD-OFF NO. l t'-..... - 6 VDC 
sw C I RCU I T  + 12  VDC 

VOLTAGE 
+ RTG I NPUT � J REGULATOR � -

I NPUT F I LTER NO. l ,....._ I OUTPUT =: I F I LTER I r--I VOLTAGE -
I REGULATOR I CMD 060 PCU l SEL SW ITC H ING  NO. 2 

CMD 062 PCU 2 SEL C I RCU I T  POWER 

}TO 
PDU  

� CONVERTER 

RTG NO. 2 COMMON 
I NPUT 

NOV 68 5 178.6. 1 2  



PCU  1 D IAGRAM 

lOOK 

PWR RESERVE REF 
lOOK RESERVE PWR S I GNAL 
lOOK ( TO ALSEP TM)  
lOOK (TO ASE  T M) 

POWER 
osc 

REGU LATOR RES I STOR - LOCATED ON  
EXTER l OR OF  CENTRAL STAT I O N  
HOLD-OFF C I RCU I T  ON PCU #1 ONLY. SW ITCH 
I S  ASTRONAUT SW I TC H  S - 1  

0) TYP I CAL  ( 1  O F  6) RECT I F I E R/ F I LTER C I RC U I T. 
F l  LTER I S  COMMON TO BOTH PC U IH & PCU #2. 

TO PCU #2 

NOV 68 5 178.6. 1 3  



RTG{ ( + )  
( - ) 

RTG CURRENT AND VOLTAGE TM 

EXC I TAT ION 

32. 4 
K 32. 4 

K 

lOK lOK 

EXC IT AT I ON 

lOK ( TO ASE TM) 

ALL TM 

(TO ALSEP TM) 
(TO ASE TM) 

Kl PCU 1 
�PCU 2 

NOV 68 5 178.6. 14 



PCU  S E LECTION  FUN CT ION  

060 PCU l SEL 

( +) 
RTG{ 

( - ) 

062 PCU 2 SEL 

+l2VDC OVERVOLTAGE 
SENSE lL 

UNDERVOLTAGE j 
SENSE 

RELAY 
DR IVER 

RELAY 
DR IVE R 

RELAY -

DR IVE R 

r-- , 
I I I 
I .. I .. 
I I I � I J. 0 I 

i"V"i � �· 
1 I I 

}rcu 1 

I I I lvt
l-t 

� I : � I }rcu 2 
I Kl I L - - _J  

COMMON 

F } ROM 
COMMON 
F l  LTER 

JAN 68 5 178.6. 1 5  



PCU  POWER/THERMAL  R E LAT IONSH I P  

OPER 
EXPER � 
OFF STBY M I N  MAX 
A A A A I--- OPERAT I NG RANGE ----1 55 WATT REGULATOR 

* AP PROX I MATE 

REGULATOR EXTERNAL D I SS I PAT I ON 

PC U I NTERNAL D I SS I PAT I ON 

30 40 50 
* PCU OUTPUT, WATTS NOV 68 5 178.6. 16 



FROM RTG 

AR -01 HOT FRAME 1 DEG F 
AR-02 HOT FRAME 2 DEG F 
AR-03 HOT FRAME 3 DEG F 
AR-04 CLD FRAME 1 DEG F 
AR-05 CLD FRAME 2 DEG F 
AR-06 CLD FRAME 3 DEG F 

EPS  DATA 

FROM PCU 

AT-36 PCU 1 OSC DEG F 
AT-37 PCU 2 OSC DEG F 
AT -38 PCU 1 REG DEG F 
AT-39 PCU 2 REG DEG F 
AE-03 PCU I N  VOLTS 
AE-04 PCU IN AMPS 
AE-05 PCU 1 SHUNT AMPS 
AE-06 PCU 2 SHUNT AMPS 

FROM P DU 

AE -07 PC U + 29V OUT 
AE-08 PCU + 15V OUT 
AE-09 PCU + l2V OUT 
AE-10 PCU + 5V OUT 
AE- 11 PCU - 12V OUT 
AE- 12 PCU - 6V OUT 

JAN 68 5 178.6. 17 



EPS COMMAN DS 

OCTAL CMD NUMBERS 

• 017 D I SS I P  R1 ON 

TH I S  CMD ACTUATES RELAY K-16, IN THE PDU, TO THE POS ITION THAT APPLIES 
+29 VDC TO A 7-WATT POWER D I S S I PAT ION RES I STOR, AND IS USED TO OPTIMIZE 
THE LOAD ON THE PCU. 

• 021 D I SS I P  R1 OFF 

TH I S  CMD ACTUATES RELAY K-16, IN THE PDU, TO THE POS IT ION THAT REMOVES 
+29 VDC FROM THE 7-WATT POWER D I S S I PATION RES I STOR. 

•022 D ISS I P  R2 ON 

•060 PCU 1 SEL 

TH I S  CMD ACTUATES RELAY K-01, I N  THE PCU, WH ICH APPLIES +16 VDC 
FROM THE RTG TO PCU 1 AND S IMULTANEOUSLY DEENERGIZES PCU 2. PCU l i S 
PRESET TO BE ENER G IZED AT IN ITIAL LUNAR ACTIVATION. NOTE THAT THERE I S  
AN AUTOMATIC SWITCH-OVER FEATURE TO PCU 2 I N  THE EVENT THE +12 VDC BUS 
VAR IES MORE THAN _: 1 VDC. ADD I NG OR REMOVI NG ELECTR ICAL LOADS (VIA 
GROUND COMMANDS) ON PCU 1 CAN PREVENT THE + 12 VDC BUS FROM VARY I NG 
OUT OF L I M ITS. IN THE EVENT AUTOMATIC SWITCH-OVER TO PCU 2 HAS OCCURRED, 
THI S  COMMAND MUST BE FLAGGED AS H IGHLY CR ITICAL THE CAUSE OF THE 
SW ITCH-OVER MUST BE DETERMINED BEFORE TH I S  COMMAND I S  EXECUTED. 

TH I S  CMD ACTUATES RELAY K-17, IN THE PDU, TO THE POS IT ION THAT APPLIES •062 PCU 2 SEL 

+29 VDC TO A 14·WATT POWER D I S S I PATION RES I STOR, AND IS USED TO OPTIMIZE TH I S  CMD ACTUATES RELAY K-01, IN THE PCU, WH ICH APPLIES +16 VDC FROM 
THE LOAD ON THE PCU. THE RTG TO PCU 2 AND S IMULTANEOUSLY DEENERG IZES PCU 1. NOTE THAT AT THE 

• 023 D I S S I P  R2 OFF TIME OF LUNAR ACTIVAT ION, PCU 2 I S  DEENERGIZED, W ITH NO MEANS TO DETER-

TH I S  CMD ACTUATES RELAY K-11, IN THE PDU, TO THE POS ITION THAT REMOVES 
MINE ITS COND ITION. FURTHER NOTE THAT THERE I S  NO AUTOMATIC SW ITCH-OVER 

+29 VDC FROM THE 14_WATT POWER D I S S I PATION RES I STOR. 
FROM PCU 2 TO PCU 1. TH I S  S ITUATION, THEREFORE, MAKES TH I S  COMMAND H I GHLY 
CR ITICAL TH I S  COMMAND SHOULD BE EXECUTED ONLY AFTER DETERMINING THAT 
PCU 1 I S  ON THE VERGE OF FA IL ING. 

NOV 68 5 178.6. 18 



,C OMMAND AND 

TELEMETRY L INKS 

COMMAND Ll NK 

EXPE R I MENT POWER DATA 
SUBSYSTEMS SC I & ENG DATA SU BSYSTEM 

COMMANDS 
' 

POWER POWER 
SU BSYSTEM ENG DATA SEPT 68 5178.7. 1 



C E NTRAL  STAT I ON  D E P LO Y E D  C O N F I G U R AT I O N 

ANTENNA All GNMENT 
MECHAN I SM 

HEL I CAL 
�---- ANTENNA 

SUNS H I  ELD 

SUP PORTS llio.��DUST DETECTOR 

S I DE CU RTA I N 

CONNECTORS TO 
DEPLOYED EXPER I MENTS 

ASTRO HANDLE -�� 

THERMAL REFLECTOR 
THERMAL RA D I ATOR 

DATA S U BSYSTEM 
�--

COMPONENTS (H idden ) 
ACT I VAT I ON 
SW I TCHES 

APR 69 5 1 78 .7 .2 



C ENTRAL STAT ION 

DATA SU BSYSTEM COMPON ENTS 
HEL I CAL D l  PLEXER 
ANTENNA SW I TCH 

TRANSM I TIERS 
D I PLEXER 
F I LTER 

DATA 
PROCES SOR 

THERMAL 
BAG 

MECHAN I SM 

COMMAND THERMAL RECE I VER PLATE 
POWER 
COND I -
T I ON I  NG 

UN I T 
POWER 

-� . D I ST 
I � UN I T 
� � 

· MULT I PLEXER 
PASS I VE & A/D CONV 
S E I SM I c SE PT 68 5 178.7 .3 

ELECTRON I CS 



CENTRAL STAT ION SENSORS AND  H EATE RS 

c:::J HTR ELEMENTS 

0 THERMOSTAT 0 AT-03 THERMAL 
PLATE 1 CHANNEL 4 

/";\ AT-04 THERMAL 
\J PLATE 2 CHANNEL 28 

0 AT-05 THERMAL 
PLATE 3 CHANNEL 43 

r:\ AT-06 THERMAL 
\:j PLATE 4 CHANNEL 58 

0 AT-07 THERMAL 
PLATE 5 CHANNEL 71 

COMMAND 
RECE IVER 

POWER 
CONDITIONING 
UNIT 

RECV'R HTR 

POWER 
D I STRI BUTION 
UNIT 

I 
I 
1 244 
I P I N  I 

J7/P7 : 

�- --'J2 
P2 

TRANSMI TTER B 

Dl PLEXER 
Fl LTER 

DATA 
PROCESSOR 

-, : ANALOG 
MULTI PLEXER 

244 1 
P I N  I I J4/P4 

38 P I N  P lO - DO- -�----.... 

J53 

ACTIVE 
SEISMOMETER 

'"======:;-R3 r P3
� <".. R8 

P9 

0 

244 P IN  I "'V '\V 
_ _ _ _ _  _._.......=;� 

COMMAND 
DECODER 

PASS IVE 
SEI SMOMETER 

--- m- CIR7 
------��--.---------

TERMI NAL BOARD NO. 1 "D lODE BOARD" TERMINAL BOARD NO. 2 

SEPT 68 5 178.7 .4 



CENTRAL STAT ION  LAYOUT 

HOY 68 5 178.7.5 



DATA SUBSYSTEM HARDWARE  

I TEM 

(A) POWER D I STRI BUTI ON & 
S I GNAL COND I TIONER 

(B)  COMMAND DECODER 

(C) DATA PROCESSOR 

(D) COMMAND RECEI VER 

(E) TRANSM i mR 

(F) Dl PLEXER SWITCH 

(G) D l  PLEXER Fl LTER 

(Hl CENTRAL STAT ION T I MER 

( I )  ANTENNA 

(J) ANTENNA A I M I NG 
MECHANI SM 

(Kl M l  SCELLANEOUS
COMPRI S I  NG:-
i. CENTRAL STATI ON HEATERS 
ii. ASTRONAUT SWITCHES 

iii . TEMPERATURE SENSORS 

FUNCTION 

CONTROL OF POWER SWITCHI NG AS COMMANDED 
AND COND ITI ONI NG OF ENG I NEER I NG STATUS DATA 

DECODE RECEI VED S I GNAL & I SSUE COMMANDS 
TO THE SYSTEM 

COLLECT AND FORMAT S C I ENTI FI C OUTPUTS FROM 
THE EXPERI MENTS. COLLECT AND CONVERT ANALOG 
HOUSEKEEP I NG DATA I NTO D I G I TAL FORM 

ACCEPT THE EARTH-TO-MOON U PLINK S I GNAL 

GENERATE MOON-TO-EARTH DOWNLI NK 5 1 GNAL 

CONNECT E I THER TRANSM i mR TO THE ANTENNA 

CONNECT RECEIVER I NPUT AND TRANS M i mR 
OUTPUT TO THE ANTENNA WITH REQU I RED RECEI VER/ 
TRANSM i mR I SOLATI ON 
PROVI DE AUTOMATI C ACTIVATION FEATURES 
(AS A BACK-UP) AND SWITCH OFF TRANSMi mRS 
AFTER 2 YEARS 

RECEIVE AND RAD I ATE UP-AND-DOWN L INK RF 
S I GNALS 

MEANS OF ADJUSTMENT FOR D I RECTI NG ANTENNA 
TO EARTH 

MA I NTA I N  TEMPERATURE DUR I NG LUNAR NI GHT. 
PROVI DE A BACK-UP FEATURE FOR LOCAL ALSEP 
ACTI VATI ON 
S U PPLY TEMPERATURE DATA OF SELECTED POI NTS 
AROUND THE CENTRAL STATI ON 

NOV 67 5178.7.6 



DATA SUBSYST EM  B LO CK  D IAGRAM 

rHTR }- ���::I
R
PATION I DUST l 

ELEMENTS l�oDULE 'I DETECTOR I AUD IO  S I GNAL 

r_fl_ _____ lt_ ______ ��3f��------------------�==============================
ITIDJ�mM�ET�R=Y� ! TEMPERATURE I Return; RETURNS COMMAND RECE I VER 

SENSOR� � -6V -6V 
+ 12V + 12V 

720 DAY S IGNAL 
CMD TYPE S I GNALS 

POWER AND 
TELEMETRY 

I ASTRONAUT I -' \ -t 
SWITCH � � 

l MI NUIT. 12 � g � - � 

+12V 
-12V 

TELEMETRY I NPUTS 

� v; � � �E! ??  �+ � 
HOUR S I GNALS I � ;::; 8 � 1:: 

[PowER- -l lt--r-L-..J.-.J.......I-...1-..L-.L-.L--,1(!' ·-OM 
I
MAND VER I FI CATI:m-l CONDITI ON INr. � DATA DEMAND 

LUl:!.i !_1 _ j  SH I FT PULSES 
' COMMAND DECODER DATA GAIT : COMMANDS 

r - - .l- - -,  I RADIO ISOTOPE I 1 THERMomcTR 1 c 1 L:E�R�O�
- j 

L-------�� 

V> z "' 
� � � � � 

' + + + u 
0 

DATA PROCESSOR 

u 
0 

iS; 
+ 

� ;:: 
·� 

� � 
� > £ 
0::: � .3 
u + c: 

BI NARY MODULATION ��-�--+---, !DATA I NPUn 
• ,...J.-L...., _ I 

IT�METRY I NPUTS I TRANS
B
MITITRH I i' w 1 , Dl mXERU 

. .  1-Jrr���ME�T!l_RYY..Q.OU�T�P!!_UT�s�-------H 
swiTCH 1- FI LTER I HELICAL 

B I NARY MODULATION l TRANSMI TITR 
ANTENNA 

L..,......,..,..,.. ....... ...-...-
..Jr.!!t D!.!.A�TA�)_ll �NPc.;U!J.T __ --1 A • • 

"' � � "" FROM { '1W • L .  �E! �- J 
0:: � :2: � � ;:: ;:: �-� � � � 1i: C§ C§ PDU DC RETURNS 

� ffi ffi � � g � CHANNEL l �  2276. 5 MHz 
8: ::t: 2 0 Bi « <; CHANNEL 2 � 2278. 5 MHz + 0. 0025o/,IYEAR b ?.;  � 0  "' - CHANNEL 3 � 2275. 5 MHz 

COMMANDS 
· - '-'- '-

EXPERIMENT I L-�22:9V!..'E�X_c:PE�R�I M�E::.:NT!..:A:::N:.::D...::S�TA::::N:.:::D::,BY:._P:...:O:.::W�ER�SU:.:,P.:_PL:_:Y _ ___,-jJ �u�:_::M.:_
_J 

I C HANNEL 4 � 2279. 5 MHz I !TENTAT IVE I 
SEPT 68 5 1 78.7 .7 



SUMMARY O F  DATA S/S COMPONENTS 

COMPONENT 
VOLTAGE/POWER* TOTAL 

S I ZE ,  I N . 
REQU I REMENTS POWER 
+29V 375 mw 
+15V 75 mw 

POWER ± 12V 735 mw 
D I STRI BUTI ON 

± 5V 85 mw 
U N I T  

- 6V 8 mw 
- 12V 475 mw 1753 mw 2. 8x4. Ox7. 25 

COMMAND 
+ 12V 325 mw 
± 5V 775 mw 

DECODER - 6V 230 mw 1330 mw 2. 8x3. 94x6. 25 
DATA + 12V 50 mw 
PROCESSOR + 5V 450 mw 500 mw 2. 8x3. 94x6. 25 

+ 15V 65 mw 

MULTI PLEXER ± 12V 150 mw 
± 5V 1100 mw 
- 12V 120 mw 1435 mw 2. 62x4. 23x5. 92 

TRANSM I TTER +29V 8000 mw 
(EACH) + 12V 500 mw 8500 mw l 5x2. Ox7. 5 

RECEIVER +12V 665 mw 1. 5x4. Ox8. 0 
- 6V 30 mw 695 mw 

DIPLEXER SWITCH + 12V 150 mw 150 mw 2. lx4. Ox4. 5 
D I P  LEXER Fl LTER - - - 2. 5x2. 5x7. 0 

ANTENNA - - - 1.5x23+ GND PL 
AIM MECHANISM - - - llx4. 25x5. 75 
CENT STA TI MER BATTERY - 1. 32x 1. 32x2. 63 
HARNESS ASSY 
( I NCLUDES PCB s 
CONNECTORS & 
SWITCHES) 

TOTAL POWER 14. 345 w AND WEI GHT 
. MEASURED POWER AT ROOM TEMPERATURE 
"* I NC LU DES D I PLEXER F I LTER 

WEI GHT 
LBs 

RELI A B I L I TY 

2. 29 0. 94484 

2. 68 0. 98304 

2. 64 0. 95863 

1. 89 
0. 9796 

1. 17 
3.01 0. 98888 

1. 31 0. 9997 
0. 9989 

1. 05 -

2. 06 -

.036 -

2. 92 -

22. 55  

APR 69 5178 .7.8 



ALSEP C OMMAND  L IN K  

* ANTENNA 
* D l  PLEXER 

* COMMAND RECE I VER 
* COMMAND DECODER 

NOV 67  5 178.7.9 



C OM MAND  L I NK  C HARACTER I ST I C S  
FUNCT I ON/ PARAMETER ALSEP MS FN 

l .  FREQUENCY 2119 ± 0. 001 % MHz 2119 MHZ 
2. MODULAT ION PM, ± 3 RAD IANS 
3. MODULAT I NG S I GNAL 1 KHz S I NE WAVE SYNC 

S I GNAL L I NEARLY ADDED 
TO A 2 KHz SU BCARR I ER 

4. DATA RATE 1000 bps 
5. I F  BANDW I DTH (3 db) 275 ± 25 KHz 
6. RECE I VER DYNAM I C - 101 TO - 61 db m 

RANGE 
7. PERM I S S I BLE Pe 10-9 

( PROBAB I L ITY OF B IT ERROR) 
8. REQU I RED PREDETECT ION + 12 db 

S/N FOR 10-9 BER 
9. S/N MARG I N  FOR NOM I NAL +32 db 

Pe of 10-9 WOR ST CASE +28 db 
( 301 ANTENNA) NOV 67 5 178.7. 10 



ANTENNA 
AND 

AIMING MECHANISM 

JAN 68 5178.7. 1 1  



ANTEN NA D ES CR IPT I ON  

·:: FLAT "R I B BON-L I KE " COPPER CONDUCTOR WRAP PED AROUND 
F l  BERGLASS-EPOXY TU BE 

·:: 1 112 I NCHES IN D IAMETER AND 23 I NCHES LONG 
•:: USES 5 1 1 GROUND PLANE W ITH A 2 " CYL I NDR I CAL S K I RT 
* I MPEDANCE MATCH l NG TRANS FORMER AT ANTENNA FEED 

PO I NT MATCHES THE ANTENNA IMPEDANCE TO A 50 OHM 
COAX IAL L 1 NE 

.... DES I GNED FOR EASY ATTACHMENT TO THE PO I NT I NG MECH
AN I SM W ITH "QU I C K-CONNECT" S PR I NG LOADED DETENTS 

* COATED W ITH WH I TE REFLECT I NG THERMAL PA I NT 
.... WE I GHT - l .  28 POUNDS I NC LUD l NG CONNECTOR AND CA BLE 

NOV 67 5178.7. 1 2  



ANTENNA  CHARACTER I ST I C S  

TRANSM I T  RECE I VE 
S PEC MEAS S PEC MEAS 

GAI N 
ON BORES I GHT 15. 2 db 16. 0 db 14. 7 db 15. 2 db 
BEAMWI DTH AT 11. 0 db GAl N 27 ° 36° 

BEAM WI DTH AT 11. 5 db GAl N 27° 33° 

AX I AL RATI O 3 db l. 3 db 3 db l .  0 db 
I NPUT VSWR 1. 25 : 1 l. 20 : 1 1. 5 : 1 1. 20 : 1 
S I DELO BE LEVEL - 10 db - 11 db - 10 db 11. 3 db 
WE I GHT (ACTUAL) 1. 28 LB s ( i ncl udi ng cable) 

SEPT 68 5 178.7. 13  



l. ANTENNA PATTERN 

THRU ANT CENTERLI NE 9 
A N D  FEED TERM 

(NOT S HOWN) 

2. ANTENNA PATTERN 

THRU ANT CENTERL I N E  -�(3-+-
A N D  90

"
TO TERM 

(S HOWN BELOW) 

�-
S I GNAL 

SOU RCE 

� 

ANTENNA TEST 

A Z I MUTH 

POS I T I ONER 

NOV 67 5178.7. 1 4  



-
..c ::9 
><( 
� 
LLI z 0 
0::: LLI 
� 0 c... 
LLI > 
-

1-<( __. LLI 0::: 

ANTENNA PATTERN ( DOWNLI NK )  

- HOR I Z POLAR 
I 

_ __...._ VERT POLAR 
FREQUENCY 2277. 5 MHz 
S IN 4 
POS I TI ON OF 0 

1-----+---+----b-----l� CONNECTOR 

r f\ rv 
(\/ 

SEP T 68 5178.7. 1 5  



ANTENNA  PATTERN ( U P L I NK )  
0�--�----�--�----�--�--� 
2 FREQUENCY 2119 MHz 
4 - - - - - HOR IZI POLAR S IN 4 
6 VERT POLAR POS 1 T1 ON OF 
8 CONNECTOR :0 101---------1------t------fl.���--

:g 2 '\ 
>- 4 \1 � 6 \ 

0 

� 8 \ 6 20�-�-��-�-��-�-� 
0!: 2 
� 4 � 6 
� 8 
� 30�A������--t----������ 
� 2 ___J 
� 4 0!: 

6 
8 
40108 ° 72 ° 0 

ANGLE 
SEPT 68 5 178.7. 16 
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D I P LEXER  

* PROVI DES TRANSMI TIER /RECE I VER I SOLATI ON W I TH A 
COMMON ANTENNA 

* USES TUNEABLE CAVI TY BANDPASS Fl LTERS - 5 I N  
TRANSM I T  AND 5 I N  RECE I VE PATH 

* CHARACTER I ST I CS 

RECE I VER PATH MEAS S PEC 

I NSERTI ON LOSS  1. 30 db 2. 5 db 

VSWR 1. 10: 1 1. 36: 1 

CENTER FREQUENCY: 2119 2118-2120 MHz 
MAX 3 db BANDWI DTH 11. 0 MHZ 24 MHz 
Ml N 3 db BAN DWI DTH 11. 0 MHz 2. 18 MHz 
TRANSMI TTER PATH 

I NSERTI ON LOS S :  0. 7 0  db 0. 8 db 

VSWR 1. 10: 1  1. 36: 1 

CENTER FREQUENCY 2275-2280 MHz 2275-2280 MHZ 
MAX 3 db BANDWI DTH 45 MHz 60 MHz 
Ml N 3 db BANDWI DTH 45 MHz 5. 35 MHz 
POWER HANDLI NG CAPABI L I TY 20. 0 WATTS 1. 5 WATTS 

* MI SCELLANEOUS 
D I MENS I ONS - 2. 5 x 2. 5 x 6. 88 I NCHES· 
WE I GHT - 0. 9 POUNDS NOV 67 5 178.7. 18 



120 

100 

80 
-a::l 
0 -
� 60 
g 
z 
0 
i= 40 0::: LL.J V'l z 

20 

0 _} \  

0 

D I P LEXER  F I LT E R  

M IN IMUM  R E J E CT I O N  R E QU IR EM ENTS  

, RECE I VER CHANNEL I' 
\ I ' 

\ � ' 
\ I 

' 
.... 

' \f v TRANSM I ITER CHANNEL ."' \ "'" ' J 
\ !\ I \ 
\ I 
\ I I 
\ I 

.L_ 11 fi m  -tLO...., fR I fs tr-
4� I � � I � � 

� J •. \ -r f  1. 9 2. 0 �1 L 2. 2j 2.� 2. 4 2. 5 3 
FREQUENCY (GHz) 

5 7 9 10 

24 MHz/3 db 60 MHz/3db 
MAX I MUM . MAX I MUM 

NOV 67 5 178.7. 19 





COMMAND RECEIVER 
BOTTOM VIEW 

JAN 68 5178.7.21 



C OMMAND REC E IV ER  
* RECE I VES S I GNALS FROM THE MS FN STATI ONS ON 

A FREQUENCY OF 21 19 MHz. 
* LOW S I DE LOCAL OSC I LLATOR I NJECTI ON PROV I DED BY 

STANDBY REDUNDANT LOCAL OSC I LLATORS. 
* SYNCHRONOUS TUNED I F  AMPL I F I ERS PROV I DE AMPL I F l CATI ON, 

F I LTER I NG AND 40db LI M I TI NG P R I OR TO S I GNAL DEMODU LATI ON. 
* FM D I SCR I M I NATOR AND I NTEGRATOR G I VES COMB I NE D 1 and 2 

KHz OUTPUT. 
* OUTPUT LEVEL I S  0. 8 VOLTS /RA D I AN FOR AN I NPUT DEV I ATI ON OF 3. 0 

RAD I ANS . 
* EMPLOYS MODULAR CONSTRUCTI ON ON A "M I LLE D" MAGNES I UM 

BASE PLATE. 
* S I ZE - 8 x 4 x 1. 75 I NCHES 

WE I GHT - l.  84 POUNDS 
* POWER - 665 M l LLI WATS (NOM I NAL) AT + 12 vdc 

30 M I LL I WATTS (NOMI NAL) AT - 6 vdc APR 69 5 178.7.22 



COMMAN D  R E C E IVER  

S IMP LI F I E D  B LO C K  D IAGRAM 

, - - - - - - - - - - - .,  
I PART OF POWER D I STR I BUTI ON 1 
I I 
I -6VDC I 
I I 
I 

I + 12VDC I 

I 
I 

1 12 HR RESET 
L - - - - - - - - -

39 

-6VDC 

N 
:c 

+ 12VDC 

---- � ---.L.---. 
I NPUT 

2119 MHz 
- 101 to -61 
dbm 

M I XER 
55 I F PRE-AMPL 

I F AMPLI F I ER  60 MHz 
AND Fl  LTER 

To LEVEL r - LOCAL - ,  
SENSOR t- osc I LLATOR -t 

LO I NPUT 2059 MHz 2 Mw� - - - - - ..J SYSTEM I 
.... _ _ _ _ _  _, 

AMPLI F I ER  
AND  
D l  S C R I M  I NATOR 

I NTEGRATOR 
OUTPUT 

AND COM B  I NED 

OUTPUT AMPL  1 & 2 KHz 
------'"" S I GNAL 

SEPT 68 5 178.7 .23 



C OMMAND RECE IVER 

LOCAL  OSC I LLATOR B LO CK  D IAGRAM 
TO FROM 
M I XER M I XER 

-6VDC + l2VDC 

LEVEL 
SENSOR 
AND  
SWI TCH 

F l  LTER 

"A" OSC I LLATOR 

AMPL I F I ER 

+ l2VDC 

-6VDC 
SEPT 68 5 1 78 .7. 24 



C OMMAND  R E C E IV E R  TELEMETRY SUMMARY 
CHANNEL 36 AE- 14 

CHANNEL 16 AT-21 

CHANNEL 17 AT-22 

CHANNEL 9 A B-01 

CHANNEL 21 AE - 13 

RCVR LOCAL OSC LEVEL 
* DETECTOR C I RCU I T  SAMPLES OSC I LLATOR 

S I GNAL. DETECTED S I GNAL I S  THEN 
AMPL I F I E D  TO P ROPER TM LEVEL 

LOCAL OSC C RYSTAL A TEMP 

• USES THERM I STOR/RES I STOR NETWOR K  
POWERED BY 1 2  VDC. 

• THERM I STOR I S  CEMENTED (EPOXY) TO 
C RYSTAL CAN. 

LOCAL OSC CRYSTAL B TEMP 
• USES THERMI STOR/ RES I STOR NETWORK 

POWERED BY 12 VDC. 
* THERM I STOR I S  CEMENTED (EPOXY) TO 

C RYSTAL CAN. 

CMD DEMOD 1KHz P RESENT 
• S I GNAL I S  O BTA I NED FROM 

RECE IVER ' S  A U D I O  OUTPUT. 
• U SES 1KHz BANDPASS AMPLI F IER  

AND D I O DE DETECTOR. 

RCVR PRE-Ll M I TI NG LEVEL 
• D I O DES I N  F I NAL STAGE OF I F  

PROV I DE HAR D LI M I TI NG. 
• TM S I GNAL PRO VI  OED BY THE 

LI M I T! NG D I O DE CURRENT. 
SEPT 68 5 178.7.25 



COMMAND RECE IVER S P E C I F I CAT IONS  

• I NPUT FREQUENCY 2119 MHz ± 0. 001 % 
* I NPUT S I GNAL LEVEL - 101dbm to -61dbm 
* NO I SE F I GURE 10db MAX I MUM 
* LOCAL OSC FREQUENCY 2059 MHz ± 0. 0025%/YR 
" I NTERMED I ATE FREQUENCY 60 M Hz 
" I F  3db BANDWI DTH 250 to 350 KHz W I TH AN 

I NPUT S I GNAL LEVEL OF - 100dbm 
" I F  REJECTI ON 60db M l  N l  MUM AT 3. 4 MHz 
* AUD I O  OUTPUT S I GNAL 

(a)  LEVEL - 0. 8 VOLT/RAD I AN (UP TO ± 3. 0 RAD I ANS) 
(b) FREQ - 100 Hz TO 5 KHz 

* POWER 
+ 12 VDC  AT 55 M I LLI AMPERES (NOMI NAL) - S U P PLI ED THROUGH 
A C I RCU I T  BREAKER RATED AT 150 M I LL I AMPERES (NOMI NAU. 
C I RCU I T  I S  AUTOMATI CALLY G I VEN A RESET COMMAND EVERY 
12 HOURS. 
- 6 V iJC AT 55 Ml LLI AMPERES (NOM I NAL) - SYSTEM P ROTECTI ON 
PROVI DED BY SER I ES RES I STOR. 

* CONNECTORS - RF - COAXI AL OSM 210-2 
- OTHER - HUGHES WST0014M20BNHOO �EPT 68 5 178 . 7 . 26 
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COMMAND D ECODER  PHYS I CAL  D ESCR IPT ION 

*S I ZE - 2. 8 x 3. 94 x 6. 25 I NCHES 
* POWER - 1330 Ml LL I WATTS (NOM I NAL AT ROOM AMB I ENT) 
* WE I GHT - 2. 70 POUNDS 
* PARTS COUNT - 352 FLATPACKS 

26 TRANS I STORS 
83 RES I STORS 
28 CAPAC I TORS 
13 D I ODES 

* PARTS MOUNTED ON 10 P R I NTED Cl RCU I T BOAR DS W I TH FROM 
2 to 12 LAYERS 

* CONNECTOR - HUGHES - 244 P I N  

SEPT 68 5 178.7 .28 



COMMAND D ECODER S IMP LI F I E D  BLOCK  D IAGRAM 

...... DEMODULATOR I 

CENTRAL 
STATI ON } 12 HR & 
TI ME R  l MI N  

DATA 
PROCESSOR 

I 

I 
DECODER A I I - - - - - - -

I 
DECODER 8 I 

I 

DELAYED 
COMMAND 
SEQUENCER 12 HR 

REPET I TI VE 

{ COMMANDS 
TO USERS 

{ 7 COMMANDS 
TO EXPER { P DU - TURN ON 
EXPER #4 { P DU 
RCVR RESET 

SEPT 68 5 178.7 .29 



C O M M A N D  D E C O D ER 

* CONTA I NS A DEMODULATOR 
- TO GENERATE AN NRZ-C B I T  STREAM FROM THE 

P HASE MOD U LATED COM POS I TE  1 & 2 KHz AU D I O  
I NPUT 

- WHI CH DETECTS " THRESHOLD' '  TO START DECODER 
' 'SEARCH MODE". 

- TO GENERATE 1, 2 AND  4 KHz TI M I NG CLOCKS 
WH I CH ARE SYNC HRON I ZE D  WI TH THE 1KHz SYNC 
S U BCARR I ER RECE I VE D  FROM THE MS FN. 

* ACCEPTS COMMAN D  S I G NALS FROM THE MSFN NETWOR K  AND 
P ROVI DES UP  TO 100 U N I QUE COMMANDS TO U SERS.  

* A  COMMAND FROM THE MSFN CONS I STS OF A 2 KHz S U BCA R R I E R  
P HASE MODULATED W I TH A 1KHz S U BCAR R I ER TO P RODUCE 61  
S ER I AL B I TS W I TH THE FOLLOWI NG FORMAT. 

l 2o B 1 Ts I 1 B 1 Ts I 1 B 1 Ts I 1 B 1 Ts I 20 B 1 Ts 

CD ® CD  0 CD 
l. - PREAMBLE - ALL ONES OR ALL ZEROS 
2. - AD DRESS I N D IV I D UAL ALSEP  (A  o r B DECODER) 
3. - COMMAN D C OMPLEMENT 
4. - COMMAND  
5 .  - T IM I NG ( EXECUT ION) - ALL  ONE S  OR  ALL ZEROS SEPT 68 5 178.7 .30 



* 

* 

* 

C OMMAN D D E C O D E R  

AD DR ESS I N G  
THE SEVEN ADDRESS B I TS ARE USED TO UN I QUELY COMMAND 

FOU R  SEPARATE ALSEPs DEPLOYED  ON THE LUNAR SURFACE. 

EACH COMMAND DECO DER HAS AN 1 1A1 1 SECTI ON AND A RE-

DUNDANT 1 1 B1 1  SECTI ON. E I THER MAY BE SELECTED TO P ROCESS 
A COMMAND BY TRANSM I TTI NG THE P ROPER ADDRES S CO DE. 

CO DES 

ALSEP ADDRESS NO. CODE COMMAND DECODER 
(OCT AU PATTERN NUMBER 

1 130 1011000 lA 
30 0011000 lB 

2 1 16 1001110 2A 
16 0001110 2B 

3 151 1101001 3A 
51 0101001 3B 

4 25 0010101 4A 
65 0110101 4B NOV 67 5 178.7.3 1 



COMMAN D  D EMODU LATO R  
S I GNAL I NPUT 

FROM CM D RCVR 

I NPUT � 
AMPLI F I ER 

DATA � � 

DATA DETECTO R 

I NTEGRATE � DATA 

AND DUMP � FLI P-FLOP 
DETECTOR + f 

+ THRES HOLD DETECTOR 

TH RESHOLD I NTEG RATO R  � S CH M I DT 

� DETECTO R TR I GGER 

SYNC DETECTO R 

__.,.. SYNC ........ LOOP ....... vco � FL I P-FLOP � DETECTOR F l  LTER 8 KHz 

t 

NRZ-C DATA 

THRESHOLD 

1 KHz C LOCK 

- FL I P- FLO P  
1 KHz CLOCK 

t 
4 KHz C LOCK 

2 KHz CLOCK 

....... FL I P-FLO P ·0- FLI P- FLOP 

I 
SEPT 68 5 178. 7. 32 



C OM MAND  D E C O D E R  S E CT I O N  
B LO C K  D IAGRAM - D I G ITA L  

+5 VDC COMMANDS TO USERS 
• 

7 COMMANDS (DELAYED) 

COMMAND DECODI NG 1---------. .--------12 HR RESET 
� 1 ro Poo 

t l � - -- - (__ ��

-

G-�-r
S
. 

--� DELAYED 12 HR } FROM 

I I COMMAND t----=1c.:.:M.:..:.;IN:.:.. TIMER POWER DECODING GATE I SEQUENCER 

I ON DR IVERS I RESET 

I I cv CONTROL I cv WORD 
GATE I 

DATA PROCESSOR 

I I COMMAND EXECUTE (A) 
t (B) 

L _ _ l L - - - - -l- - 1 
__ N_R_z�-c�D_A_TA_+--'-1 ____ -f_s_s_TA_G .... E ---,_P-AR_I_TY_I_N_jSERTION 

PAR ITY I 1 I SHIFT REGI STER SAMPLE � I I .--L===_J---1 GATE 

L---���--
A
-
D
:---+
RE
_
S
_
S �-

-

-

-

-

-

-
�
--

A
-
D
-
DR

-
ES
-
S
-------. l t : 

�-:--=-.,.,.,.� PARITY - PAR ITY I 1 DmcroR h MEMORY 1 8 INH 18l coMPARATOR FLI P-FLOP 
I GATE I . . . .1. FLI P-FLOP � 
I 

r-----, I NH I8  A J START PROG t I 
I '-

(8) 
DECODER PARITY GATE I 

1- DECODER .I PROGRAMMER 11-_____ ___:.:PA�R.:..:.ITY.:...:.....:S�AM:::,P:..;:L:::..E � I THRESHOLD 1 GATE Tl Ml NG TO PDU 
1 KHz CLOCK CONTROLLER I 
1 KHz CLOCK I (A) DATA GATE DATA DEMAND 
2 KHz CLOCK ---'--'""� AND CLOCK FROM DATA PROCESSOR I 
4 KHz CLOCK--+-1""1 I I- _ _ _ _ _ _  -'�SECTION - CMD DECODER _ _ _ _ _ j 

I REDUNDANT "B" SECTION I 
L - - - - - - - - ����� - - - - - - J SEPT 68 5 178.7.33 



FUNCT IONAL  FLOW CHART C OMMAND  D E COD ER  

NO 

SHIFT COMMAND 

VERI FICATION MESSAGE 

TO DATA PROCESSOR @ 

DATA PROCESSOR SHIFT 

PULSE RATE 

L DECODE CONTENTS OF 

SHI FT REGI STER A AND 

EXECUTE COMMAND FOR 

I. ALLOW 7 COMMAND BITS 

TO ENTER SHIFT REGISTER 

AND PARITY COMPARATOR 

2. ALLOW 7 COMMAND 

COMPLEMENT BITS TO 

ENTER PAR ITY 

COMPARATOR 

3. GENERATE PARITY GATE 

PULSE 

20 MILL1 5ECONDS 1---...!.::� 
2. ENTER "!" IN FIRST 

STAGE OF SHIFT 

REG I STER A 
I. I NH I B I T COMMAND 

EXECUTE A 

"------------1 2. ENTER ZERO IN FIRST 

STAGE OF SHIFT 

REGISTER A 

L ALLOW 7 COMMAND B I TS 

TO ENTER SHIFT REGISTER 

AND PARITY COMPARATOR 

2. ALLOW 7 COMMAND 

COMPLEMENT BITS TO 

ENTER PARI TY 

COMPARATOR 

3. GENERATE PAR I TY GATE 

PULSE 

I. I NH I B I T  COMMAND 

EXECUTE B 

SHI FT COMMAND 

VERIFICATION MESSAGE 

TO DATA PROCESSOR @ 

DATA PROCESSOR SHIFT 

PULSE RATE 

L DECODE CONTENTS OF 

SHIFT REGISTER B AN 

EXECUTE COMMAND FOR 

20 Ml LLISECONDS 

2.ENTER " !" I N  FIRST 

STAGE OF SHI FT 

REGI STER B 

2. ENTER ZERO IN FI RST I-----------' 
STAGE OF SHIFT 

REGISTER B 

LEGEND: 

ACTIVE .() DECI S ION POINT 
SEISMIC 

MODE 0 ACTION TO BE TAKEN 

DEC 67 5 178.7. 34 



COMMAN D  D E C O D ER D E LAYE D  
COMMAND SEQU ENCER  

··· P ROVI DES A BACKU P FEATU RE FOR LOCAL GENERATI ON O F  COMMAN DS 
I N  CASE THE COMMAND LI NK CANNOT BE ESTA BLI S HE D  

* GENERATES 7 ONE-T I ME COMMANDS AFTER A DELAY OF 96 ( PLUS)  HOURS FROM 
START OF 1 1 PE"r •  (WHERE 1 1PET11 STARTS AT THE T I ME THE ASTRONAUT MATES THE 
RTG W ITH THE CENTRAL STAT I O N  BY I NSERT I NG P22 I NTO J22) 

* COMMANDS ARE I DENT I CAL TO THOSE  GENERATED I N  RES PONSE TO S I GNALS 
FROM THE MSFN AND ARE OR1ED I N  THE COMMAND LI NE D R I VER. 

* DELAYED (ONE-TI ME) COMMAND S  ARE I DENTI F l E D  AS FOLLOWS : 
Tl ME OF COMMAND 

FUNCTI ON EXECUTI ON NUMBER (OCTAL) 

REMOVE C P LEE DU ST COVER 96 HRS & 2 M I N  113 
SET CC I G  SEAL B REAK 96 H R S  & 2 Ml N 105 
U NCAGE PSE 96 HRS & 2 M I N 073 
EXECUTE CC I G  SEAL B REAK 96 HRS & 3 Ml  N 110 
SWS DUST COVER REMOVAL 96 HRS & 4 M I N  122 
SET S l  DE DUST COVER 96 HRS & 4 MI N  107 
EXECUTE S I DE DUST COVER 96 HRS & 5 M I N llO 
REMOVAL SEPT 68 5 178.7. 35 



D E LAYE D  C OMMAND  S EQU E N C ER F U N CT I O NA L  

POWER RESET 
CI RCU IT ACTI VATED 

RESET DELAYED 
COMMAND SEQUENCER 

I. 

2. 

3. 

ACTI VATE COMMAND #113 TO 
BLOW CHARGED PARTI CLE DUST 
COVER. 
ACTI VATE COMMAND #105 TO 
SET CCIG SEAL BREAK 
ACTI VATE COMMAND f073 TO 
UNCAGE PASS IVE SEISMIC EXP 

ACTI VATE COMMAND mo 
TO EXECUTE S I DE BLOW 

DUST COVER 

F LOW  C HART 

PULSE SHAPE AND 
ROUTE TO POWER 
DI STRI BUTION UNIT 

ACTI VATE COMMAND mo TO 
EXECUTE CCIG SEAL BREAK 

ACTI VATE COMMAND #131 

MAGNETOMETER FLI P CAL 
COMMAND 

D 
<> 

YES 

RECOGN IZE,  PULSE SHAPE 
AND ROUTE 1 Ml NUTE Tl MER 
OUTPUT TO 8 MI NUTE COUNTER 

I. ACTI VATE COMMAND # 122 TO 
BLOW SOLAR WIND DUST 
COVER. 

2. ACTI VATE COMMAND # !07 TO 
SET S I DE BLOW DUST 
COVER. 

ACTI VATE COMMAND *52 
TO P. D. U.  TO RESTORE 

POWER TO LOWEST 
PRIORITY EXPERIMENT 

ACTION TO BE TAKEN 

DEC I S I ON POINT 
NOV 67 5 1 78.7.36 



COMMAND D ECO D ER POWER RESET 

.....___. 

. 001 J.Jfd 

. 001 J,Jfd 

FEATURES 
DETECTS I N  I Tl AL POWER TURN-ON OR 
MOMENTARY POWER I NTERRUPTI ON TO -

POWER ON 
.,__........., __ -o RESET A 

Tl MER OUTPUT 
...____---<> ACCEPT 

POWER ON 
��>------o RESET B 

1. SET COMMAND DECODER I N  SEARCH MODE 
2. SET COMMAND DECODER I N  "TI ME R ACCEPf1 MODE 
3. START DELAYED COMMAND SEQUENCER HOY 67 5 1 78.7.37 



COMMAN D  D ECOD ER -OTHER  LOCAL  C OMMANDS  

THE FOLLOWI NG REPET I TI VE COMMANDS ARE GENERATED WI TH I N THE 
COMMAND DECODER: 

1 - PSE CAL l BRATE - COMMAND #065 
�c OCCURS 12 HOURS AFTER T0 AND EVERY 12 HOURS THEREAFTER 

2 - RECE I VER C I RCU I T BREAKER RESET 
* OCCURS 12 HOU RS AFTER T0 AND EVERY 12 HOURS THEREAFTER 

3 - MAGNETOMETER FL I P-CALI B RATE - COMMAND # 131 
* F l RST OCCURRENCE I S  108 HOURS P LUS 1 M l N 

AFTER T0 - REPEATS EVERY 12 HOURS THEREAFTER 
4 - RESTORE POWER TO LOW PR I OR I TY EXPER I MENT - CMD #052 

* Fl RST OCCURRENCE I S  108 HOURS AND 7 M l  NUTES AFTER T0 
AND EVERY 12 HOURS THEREAFTER 

* ALL ABOVE COMMANDS MAY BE I NH I B I TE D BY TRANSM I TTI NG COMMAND #033 
� COMMAND #033 I S  CONS I DE RED CR I TI CAL! S HOULD THE COMMAN D 

Ll N K  BE LOST FOLLOWI NG T RANSM I S S I ON O F  CMD #033, THEN ALL 
LOCALLY GENERATED COMMANDS WOULD BE LOST sEPT 68 5 178.7.38 



T IMER/COMMAND DECODER I NTERFACE  

POWER RESET 

Tl MER OUTPUT 
ACCEPT 
CMD #032 

Tl MER OUTPUT 
I NH I B I T 
CMD #033 

12 HOUR r\--�6,.,.80_n -----f---1 

I NPUT I 2. 7 
-::- IL fd 

1 M I N rr-----v
68'V'W'-O _

n -----1 

I NPUT I 2. 1 -=- p, fd 

>---I 

>----t 

PULSE 12 HOUR 
S HAPER OUTPUT 

PULSE 1 M l N 
SHAPER OUTPUT 

SEPT 68  5 178.7 .. 39 



C OMMAND D E CO D ER I NTER FAC E 

'\ + 12 VDC 
+ 5 VDC 
- 6 VDC POWER 

D I STR I BUT IO 
UN I T 

N COMMANDS 

CENTRAL 
STATI ON 
T IMER  

B5����D 
12 HR  RESET 

, 
' 1  M I N  S I GNAL 

12 HR S I GNAL 
, 

UJ I-<( (!') 
<( I-<( Cl 

' 

Vl 
UJ Vl ....J ::::> 0.. 
I-u... -:::c Vl 

COMMAND 
RECE I VER 

I-::::> 0.. z -
0 -Cl ::::> <( 

COMMAND 
DECODER 

Cl z <( :2: Cl UJ 0::: Cl 0 <( :s: I-<( > Cl u 

:2: I-
0.. :2: 
� 

DATA P ROCESSOR 

COMMANDS 

COMMANDS 

Vl Cl z <( :2: :2: 0 u 

, 
POWER 
CON D I TI ON I NG 
UN I T 

� 

E XPERI MENTS 

" 

SEP T 68 5 178 .7.40 



COMMAND  D ECOD ER  I NTERFACE C I R C U IT (ONE EACH FOR 1 00 COMMANDS) 
Vee 

4. 5 - 5. 5 VDC 
I NTER FACE 

I 
I I U S ER I
I S OU RCE CURRENT- I 

4 o--�H 
5 ��  
6�-tc:l--4 
3 o-----' 

3300 ) I D .,_____. �� I c I 1 0· 0022
1 I S I NK CURRENT I I 

L l  NE D R IVER -
FA I RCH I LD LPDT 

p.
L 9042 

COMMAND PULS E  

p. td -:- I 1 -::" 

I I 

20 ±. 2 M SEC 'i • 

.. 1 4 0 + l 5 r--- 1 NACTI VE STATE 

·0. 2_+ .. 2 _ _ _  1-=--=:1-��;: ACTI VE STATE 

DR I VER S PEC I F I CATI ON 
SOU RCE I ::s 45JL AMP 
( I NACTI VE STATE) 

- -1r-t -.-n-�t t = lOJL SEC (MAX ) 

S I NK I !5 750
p.

AMP 
(ACTI VE STATE) 

SEPT 68 5 178.7.41 



COMMAND D ECODER  TELEMETRY S UMMARY 

f.• COMMAND VER I F l  CAT I ON (CV) WOR D 
- LOCATED I N  WORD 46 O F TELEMETRY FORMAT FOR FL I GHT SYSTEMS 

1 & 2 AND I N  WORD 5 FOR FL I GHT SYSTEMS 3 & 4 
- CONS I STS OF 2 ZEROS , THE RECE I VE D  COMMAND AND A PAR I TY B I T  
- EXAMPLE OF CV WORD RECE IVED AT THE MS FN 

I o I o [o I o I I I I I I I I I  o I I  I .. , ,  )� ""' 
F l LLER COMMAND PAR I TY 
B I TS (OCTAL 36) 

ONCE FOR EACH 
CMD TRANSM ITIED 

- PAR I TY 1 1  ONE1 1 VER I F I ES B I T  BY B I T CHECK OF COMMAND W I TH 
COMPLEMENT. 

- THE SEVEN COMMAND B I TS I DENTI FY THE B I NARY CODE DETECTED BY 
THE COMMAND DECODER. 

SE PT 68 5 178.7.42 



COMMAND D ECODER TELEM ETRY SUMMARY 
CHANNEL 48 AT-31 COMMAND DECODER BASE TEMP 

.... S I GNAL OBTA I  NED FROM THERMI STOR 
LOCATED NEAR CENTER OF BASE PLATE 

CHANNEL 49 AT-32 COMMAND DECODER I NTERNAL TEMP 
-=·THERMI STOR LOCATED ON 1 1 PU LS E 
SHAPER I I PR I NTED C I RCU I T  BOARD 

CHANNEL 61 AT-33 COMMAND DEMODULATOR, VCO TEMP 
*THERM I STOR LOCATED ON DEMODULATOR 
PR I NTE D C l  RCU I T  BOARD 

C I RCU I TS - TEMPERATURE SENS I NG C I RCU I TS ARE ARRANGED 
AS FOLLOWS : 

+ 12VDC 3010n RT- 1 3010n 

TO MULTI PLEXER 
RETURN 

RT- 1 1 1 FENWAL1 1  I SO-CURVE 15K oh m THERMI STOR. SEPT 68  5 178.7.43 



TEL EMETRY R E A D O UT VS.  TEM P ER ATU R E  

USED I N  THE FOLLOW I NG 
MEAS UREMENTS: 

AT-27 AT-05 
+ 200 ,..---- AT-28 AT -06--�----r------r----�------.---------t-----:� 

AT-29 AT-07 
1- AT-30 AT-34 � + 150 t---

AT- 31 AT-35 --+------+-----+-----+---��----+----! 
� AT-32 AT-36 
I 
� + 100 AT-33 AT- 37 --+-----+-----:��----+-----1-------'-----1 

� AT-03 AT-38 

ffi AT -04 AT-39 + 12 
� +50r----�-�=-+----+-----+-----r
z: 

-50 0 32  64 96 128 160 
DEC I MAL 

I I I I I I 
0 40 100 140 200 240 

OCTAL 

3010 

192 

I 
300 

RT 1 

THERM I STOR 

224 

I 
340 

250 I 
372 

NOV 67 5 1 78.7.44 



ALSEP  TELEMETRY L I NK  

* D I G I TAL DATA P ROCES SOR (D DP ) 
* MULTI PLEXER/CONVERTER 

* TRANSM I TTERS (TWO) 
* D l P LEXER/SW I TCH 

* ANTENNA 

DEC 67 5 178.7.45 



DIGITAL DATA PROCESSOR 

JAN 68 5178.7.46 



D I G ITAL DATA P RO C ESSOR  

PHYS I CAL DESCR I PTI ON -
S I ZE - 2. 8 X 3. 94 X 6. 25 I NCHES 
WE I GHT - 3. 03 POUNDS 
POWER - 450 M I LL I WATTS AT 5 VDC 

50 Ml LLI WATTS AT 12 VDC 
(NOM I NAL AT ROOM AMB I ENT TEMPERATURE) 

PARTS COUNT - 199 FLATPACKS 
2 TRANS I STORS 
41 RES I STORS 
19 CAPAC I TORS 
3 D I ODES 

PARTS ARE MOUNTED ON 9 PR I NTED C I RCU I T  BOARDS WI TH 
FROM 3 TO 12 LAYERS 
CONNECTOR - HUGHES - 244 P I N  

SEPT 68 5 178.7 .47 



D I G IT A L  D ATA  P R O C E S S O R  
THE D I G I TAL DATA P ROCES SOR -
o:c I S  THE FOCAL PO I NT FOR THE COLLECT ION, FORMATT ING 

AND CONTROL OF ALL TELEMETERED DATA 
* CONTA I NS COMMAND SELECTABLE "X ' '  AND "Y " SECTI ONS . 

EXCEPT FOR THE FRAME COUNTER AND I NTER FACE C I RCU I TS ,  
THE D DP I S  FU LLY REDUNDANT 

* HAS 3 MODES OF OPERAT I ON DEFI NED AS "NORMAL" ( l060b/s) ,  
"S LOW" (530b/s) AND ACT I VE SE I SM I C  ( 10 , 600b/s) 

* USES A CRYSTAL OSC I LLATOR TO DER I VE ALL TI M I NG AND 
CONTROL S I GNALS 

* COLLECTS DATA I NTO A 64 WORD FRAME REPEATI NG EACH 
604 M l  LLI S ECONDS . EACH WORD CONS I STS OF 10 B l TS 
OR ABOUT 9. 43 M l LL I S ECONDS (NORMAL MODE) 

* PROCESSES COLLECTED DATA I NTO THE REQU I RE D TELEMETRY 
FORMAT I S  SER I AL FORM. EACH DATA SOURCE I S  SAMPLE D  
AT LEAST ONCE PER FRAME DEC 67 5178.7.48 



COMMAND 
DECODER DATA 

ICV WORD) 
ANALOG 
INPUTS 

D IG ITAL 
EX PER I MENTAL 

DATA 

MASTER RESET CM 
NORMAL MODE CM 
SLOW MODE CMD 

ACTIVE SEISMIC ON CM 
ACTIVE SEISMIC OFF CM 

D ATA P R O C E S S O R  

S I M P L I F I E D  B LO C K  D I A G R AM  

�---- - - -- - -------------1 
PROCESSOR " X "  REDUNDiiNI � L __ r -

-90TH FRAME 

{ 1 r�NALOG ·1 ANALOG DATA 
l 90 MULTIPLEXERI CLOCK 

( \ 

�-- -��GITIZE 
D I 

D�� B TIMING � 
D LOGIC TIMING 
D : CLOCK L __ � 

-

- - ----- --,..--- -- ------- L 

-� r-
:g c c :;:: :;:: 

RESET 

CLOCK I FRAME I 
COUNTER I 

ACTIVE SEISMIC DATA 
OTHER EXPERIMENTAL DATA 

-- -----
-
-

LJ�D nL �?IG ITAL I 
CONVERTER HOUSEKEEPIN"" MULTIPLEXER! DATA WDS 1,2,SYNCWORD]NSERTIONt 

&3 
DATAl TRANSFER & DATA CLOCK I 

IMULTIFORMAT DEMAND DEMANDS 
!COMMUTATOR REGISTER 

r-

f-- --

-----SERIAL INPUT ] MODULATORISPLIT PHASE ! .... 
V 

'""""�"' .... I ':� CONTROL 

I WORD 
GENERATOR i 

PROCESSOR" Y "  

-
-

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

- -- -----

INTERFACE 

-
-
-

:¢ 

TO XMTR " A "  
TO XMTR " B "  
DEMANDS TO 
EXPERIMENTS 
CONTROL S IGNALS 
TO USERS 

SEPT 68 5 1 78 .7.49 



G E N E RAT I ON  O F  BAS I C  C LO C KS 

I - - COMMANDS 

I 169. 6 KHz 84. 8 ' 
KHz A 

MODE osc f+ + 2  -
� SELECT 

(0. 005%) B 
I 
I 
I 

42. 4 KB PS 

I 
I 
I 
I 

I I  I I  

..!. 2  • 

X S ECT I ON 1 - - - - - - -
REDU N DANT "Y " S ECTI ON L _  - - -

A - NORMAL MODE 
B - S LOW MODE 

,____ 

+ 10 � + 8  

... .!.. 8 • 

- - - --, 
1060 B P S  I 

OR I 
530 B P S  I 

I 
I 
I 
I 

10600 B P S  I 
- - � 

_ _  _j 
APR 69 5 178.7 .50 



* 

D I G ITAL DATA PROCESSOR 

CONTROL WOR D  GENERATOR 

- GENERATES THE 22- B I T SYNCHRON I ZATI ON CODE 

- PROV I DES MODE, FRAME A N D  A LS E P  I D  I N  
THE LAST 8 B ITS O F  THE 30- B IT SYNCH WOR D 

* S PLI T PHASE MODULATOR 

- ENCODES DATA I NTO I NTO A "SPL IT  PHASE" S I G NA L  

- PCM "0" I S  REP RESENTED BY "01" AND CAUSES A 

POS I TI VE PHASE TRANS I TI ON 

- P CM "1" I S  REPRESENTE D BY A "10"  A N D  CAU S ES 

NEGATI VE PHASE TRANS I Tl ON 

FRAME COUNTER 

- I S  NOT REDUN DANT 

- CONTA I NS A COU NTER WH I CH I S  A DVANCE D ONE 
STEP PER 64 WOR D  FRAME 

- I S  RESET BY A 90TH FRAME "EN D OF  FRAME" S I GNAL 

FROM THE MULTI PLEXER /CONVERTER 
DEC 67 5 178 .7 .5 1  



D IG ITAL DATA PROC ESSOR  
• MULTI FORMAT COMMUTATOR 

- USES 2 D I VI DE-BY-8 COUNTERS WI TH GATI NG FOR 

ANY ONE OF 64 CONSECUTI VE PER I ODS (WORDS) 

- PRODUCES S I GNALS OF ONE WORD LENGTH AND 

MULTI PLES OF ONE WORD LENGTH TO SELECT AND 

GATE DATA I NTO A MODULATOR 

- CONTA I NS A 1 1PATCH PLANE . .  FOR FLEX I BLE WORD 

AS S I G NMENTS 

• DEMAND REG I STER 

- ACTS AS A BU FFER BETWEEN THE DEMAN D  DECODER 

AS SEMBLY AND THE DEMAND LI NES TO ELI M I NATE 

GATI NG TRANS I ENTS 

- ACTS AS A MASTER SWI TCH TO I NH I B I T  ALL DEMANDS 

DUR I NG ASE MODE 

• D I G I TAL MULTI PLEXER 

- CONTA I NS A 10- B I T  S H I FT REGI STER TO ACCEPT 8 

PARALLEL B I TS FROM THE AID CONVERTER OR 8 

SER I AL B I TS FROM THE COMMAND DECODER 

- SHI FTS OUT lD- B I  T WOR DS W I TH 1 1ZEROS1 1  I N  THE 

TWO MOST S I GN I FI CANT F I G U RES. B I TS ARE 

S H I FTED H I GH ORDER Fl RST 
DEC 67 5 178.7.52 



F O R M AT F L I G H T  SYST E M S  1 & 2 

# OF WORDS LEGEND ASS I GNMENTS 
l x 2 x 3 x 4 x 5 o 6 x 7 s 8 x PER FRAME 

9 - lO x 11 _ 12 X 13 - 14 x 15 I 16 X 
3 X CONTROL 
29 X PAS S I VE SE I SM I C  (SHORT PER I OD) 

17 0 18 X 19 0 2o x 21 0 22 X 23 s 24 x 
12 PAS S I VE SE I SM I C  (LONG PER IOD SE I SM I C) 
2 • PAS S I VE SE I SMI C (LONG PER I OD TI DAL + TEMP ) 

25 - 26 X 27 - 28 X ?9 - 30 x 31 1 32 x 7 0 MAGNETOMETER 
4 s SOLAR W I ND 

33 H 34 x 35 36 X 37 � X 39 s 40 x • • 5 I SUPRATHERMAL I ON DETECTOR/CCGE 

41 _ 42 x 43 - 44 x �5 - 46cv 47 1 48x 
0 HF HEAT FLOW 
0 CP CHARGED·PARTI CLE 

�9 0 SO x 51 0 52 X 53 0 54 x 55 s 56 1 
1 cv COMMAND VER I  F l  CA Tl ON (ALL ZEROS I F  NO 

COMMAND) 
57 - 58 X 59 - 60 x 61 _ 62 x 63 1 64 x 1 H HOUSEKEEP I NG 

NA NOT ASS I GNED (ALL ZEROS TRANSMI TTED) 
0 CG COLD CATHODE GUAGE EXPER I MENT (MSC) 

EACH BOX CONTA I NS ONE 10 B I T WORD. TOTAL 
REPRESENTS ONE FRAME OR 640 B I TS .  

SEPT 68 5 178.7 .53 



T E L E M ET RY F O R M AT 
F L E X I B L E W O R D  ASS I G N M E NTS  

1 2 3 4 

9 10 1 1 

44 45 

WORDS MARKED W ITH X ARE ASS I GNED 
BY DRAW I NG DUR I NG FABR I CAT I ON OF 
THE D I G I TAL DATA PROCESSOR ' S  MULT I 
FORMAT COMMUTATOR. 

NOV 67 5 1 78.7.54 



F O R M AT F L I G H T  S Y ST E M  # 3  

� X  2 x 3 x 4 x 5 cv 6 x � CP S x 
H OF WORDS LEGEND  AS S I GNMENTS 
PER FRAME 

9 _  10 X 11 _ 12x 13 _  14 x 15cG 16 X 3 X CONTROL 
30 X PAS S I VE SEI SM I C  (SHORT PER I OD) 

17cp 18 x 19cp 20 x 21HF  22 x 23cp 24 x 12 PAS S I VE SE I SM I C  (LONG PER I OD SE I SMI C) 

25 - 26 x 27 - 2s x 29 - 30 x 31cG 32 x 
2 • PAS S I VE SEI SM I C  (LONG PER IOD Tl DAL + TEMP ) 
0 0 MAGNETOMETER 

33 H 34 x  35 36 x 37 38 x 39cp 40 x • • 
0 s SOLAR WIND  
0 I SUPRATHERMAL ION DETECTOR/CCGE 

41 _ �2 x �3 - 44 x  45 - 46 x �7cG 48 x 1 HF  HEAT FLOW 
6 CP CHARGED PARTI CLE 

�9NA 50 x 51NA 52 x 53NA � X  �5cp 56cG 1 cv COMMAND VER I FI CATI ON (ALL ZERO S I F  NO 

57 - 58 x 59 - � X  �l _ 62 x 63cG 64 x 
COMMAND) 

1 H HOUSEKEEP I NG 
3 NA NOT ASSI GNED (ALL ZERO S TRANSMi mDl 
5 CG COLD CATHODE GUAGE EXPER IMENT (MSC) 

EACH BOX CONTA I NS ONE 10 B I T  WORD. TOTAL 
REPRESENTS ONE FRAME OR 640 B I TS. 

SEPT 68 5 178.7 .55 



F O R M AT F L I G HT SYST E M  # 4 

1 x 2 x 3 x 4x 5cv � X  �CP B x 
II OF WORDS LEGEND ASS I GNMENTS 
PER FRAME 

9 - lO x 11 - 12 X 13 _ 14 x 15 I 16 x 3 X CONTROL 

lf7cp 18 X 19cp 20x 21NA 22 x 23cp 24 x 
30 X PAS S I VE SE I SM I C  (SHORT PER I OD) 
12 PAS S I VE SEI SM I C  (LONG PER I OD SE I SM I C) 

25 - 26 X 27 - 2B x 29 - 30 x 31 1 32 X 
2 • PAS S I VE SEI SMI C  (LONG PER I OD Tl DAL + TEMP ) 
0 0 MAGNETOMETER 

33 H 34 x 35 . 36 X 37 38 x 39cp 140 x • 
0 s SOLAR W I ND 
5 I S UPRATHERMAL I ON DETECTOR/CCGE 

41 _ 142 X 43 - � X 45 - 146 X �7 I � X 0 HF HEAT FLOW 
6 CP CHARGED PARTI CLE 

49Nfl 50 x 51NA 52 x 53NA 54 x �5cp 56 1 1 cv COMMAND VER I FI CATI ON (ALL ZEROS I F  NO 
57 - 58 X 59 - 160 x 61 _ 62 x 63 I 64 x 

COMMAND) 
1 H HOUSEKEEP I NG 
4 NA NOT ASS IG NED (ALL ZEROS TRANSM iffiD) 
0 CG COLD CATHODE GUAGE EXPER IMENT (MSC) 

EACH BOX CONTA I NS ONE 10 B I T  WORD. TOTAL 
REPRESENTS ONE FRAME OR 640 Bl TS. 

SEPT 68 5178.7.56 



ALSEP DATA FORMAT 

1 1 1 2 1 3 l 4 l 5 l 6 1 7 1 8 l 9 l 10 l 
� l--- 1 B IT 

� 
l/ 1060 S EC = 1 B I T 

NORMAL B IT RATE SHOWN 
S LOW RATE = 0. 5 x 1060 

= 530 B P S  
( FOR CONT I N GENCY) 

H I GH B IT RATE = 10, 600 B P S  
FORMATIED BY ASE  

DEC 67 5 178.7.57 



CONTROL WORDS  AND CMD  VER I F I CAT I ON  

WOR D  46 ON ALSEP 1 

� F I LLER B ITS (ZEROS) 
,-.--.. l 1 l 2 l 3 l4 l 5 l 6 l 7 l 8l 9 lwl 

DA-05 ALSEP � � 
CMD AS RCVD 

DA-06 ALSEP CMD MAP 

ONE WOR D  SAMPLE AS EACH 
COMMAND I S  RECE IVED AT 
ALSEP, AT OTHER T I MES THE 
SAMPLE I S  ALL ZEROS 

DA-01 ALSEP FRAME SYNC 

21 22 23 24 25 26 27 28 29 30 
0 1 Fl F2 F3 F4 F5 F6 F7 M 

' ... 

DA-02 ALSEP FRAME CNTR � 
( 1 ,  2 . . .  89, 0) 

MODE B IT, DEF I NED  AS FOLLOWS: 
FRAME MODE B IT MEAN I NG 

1 1 NORMAL B I T  RATE } 
2 1 LOW B IT RATE DA-03 ALSEP B I T  RT I D 

4 DATA PROC . DA-04 ALSEP I D  
3 �X MS B} { } 
5 l D  NO. 

6 NONE NONE 
• I I  I I  

• I I  I I  

• I I  I I  

89 I I  I I  

0 NONE NONE 
SE PT 68 5 178.7.58 



ALSEP 1 DATA COMMUTAT ION  

CYCLE AND SEQUENCE CAN 
BE SHORTENED BY COMMAND 

Sl DE FRAME CNTR 

X 24 GROUND PLANE STEPS 
= 3709 SEC; FULL S I DE CYCLE 

SCI  
� 1D-WORD 

Sl DE FRAME 56. 2 SEC 
154. 5 SEC (J�.r..J....I.J.....'.J....J 
128 STEPS 

FULL S I DE SEQUENCE 
........... 

.......... 
LSM X-AX I S  SC I (X2l-....... ........_ 
LSM Y-AX I S  SCI  (X2l ........._ 
LSM Z-AX I S  SCI  (X2l ........_ '-

ALSEP 

I 
64-WORD 
ALSEP FRAME 
(TO XMTRl 

I 2 STEPS 
CAL &  HK 

PSE/X (X4l 
PSEIY (X4l 

�-- PSE/Z (X4l 

112. 4 SEC 

SYNC 
& 

PSE/S P (X29l 

( 
54. 39 SEC 
90 STEPS 

ALSEP SEQUENCE 

CMD VER IF ICATION 
9D-CHANNEL 
ANALOG MULTI PLEXER 

NOTE: T IMES ARE FOR NORMAL B I T  RATE 

EVEN/ODD 
2 STEPS 
PSE SEQUENCE 

SEPT 68 5 178.7.59 



DATA PROC ESSOR  T IM I NG/CONTRO L  S I GNALS 

90TH _ 
nF----------N x 90 x E sEc 

','': __ .. _L_ FRAME .--=J L N X 118 J.L SEC 53 
_ ..- _ MARK I 

r------------ N X �  SEC-------------o-1 
r------N X _g" SEC----

5
-3 --1 �R:

R
�E ___fl 53 nL _________________ -JnL ____ _ 

EVEN -Jl---N X 118J.LSEC N X 118 J.LSEC--1 !--

�:�
E ___fl �L-----

N X 118 J.LSEC--j� N X 236J.LSEC---! t-- ---j i--N X  236MSEC N X ll8J.LSEc--H--
SHI FT lllil illl f2l ruil n ' fil f2l fiQl !  n fil - f21  fiiil n ri1 f2l fiQI 1n_ w60(± 0. 01%)b/s 
PULSE-'.vl,lJ • U � 4 r-r4r--1 Lj.r U � luJ·v4r-l U · U � 4�.r4� U · u  L 4r-I.VUJ L N 

DATA 
DEMAND 

DATA 
GATE 

: .. - 1  I .. WORD TI ME., : 1- -1 I ·  · I  IFI RST WORD T IME I PER TELEMETRY I Fl RST WORD T IME LAST WORD T IME 
: EVEN FRAME l FORMAT : ODD FRAME ODD FRAME 

1 9. 4 X  N I I I I M I LL I SECONDS �-----------------

I � !--N X 118J.LSEC 

__L___Jl_,��r--lJL,..__,___JnL..,___ 
N = 1 FOR NORMAL MODE OF 1060 bps 
N = 2 FOR SLOW MODE OF 530 bps 
LOG I C  LEVELS :"ONE", + 4. 0 � 1. 5 VOLTSj"ZERO", + 0. 2 � 0. 2 VOLTS 

*32 SEC: 640 Bl TS PER FRAME ALL OTHER TIMES ARE ACCURATE ONLY TO THE S I GN I Fl CANT F IGURE SHOWN. 
53 1060 bps 
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T IM ING/CONTRO L  S IGNAL I NTERFACE  

DATA P ROCESSOR 
L I NE DR IVER 

+ 4. 5 - 5 .  5 VDC 

4 o-___..1---+---1 
5 D--------4 
6o--,....__, 

LPDTp L904l 
COMMAND 

SELECTABLE 
REDUNDANT 
C I RCU I T  

R 

I 
I I NTERCONNECT I NG 
I CABLE 
I 
I - SOU RCE CURRENT 

I U SER I 
I 
I 
I 

LOG I CAL "ZERO" + 0. 2 + 0. 2 VOLTS 

LOG I CAL "ONE" 

USER S HALL L I M I T  "S I NK' ' CURRENT 
TO 0. 75 rna OR LES S  
+ 4. 0 + 1. 5 VOLTS 
U SER S HALL L I M I T  "SOU RCE" 
CURRENT TO 0. 045 rna OR LES S  
CONTROL R I SE AND FALL TI ME 

SEPT 68 5 178.7.6 1 



EXPER IMENT /OAT A P ROC ESSOR INTERFACE  

D I G ITAL DATA 
DATA P ROCE S SO R  

40 
K 

Vee 
14 

3 
..----J.---1 �� 1 

cr--Hf-4-----f 
,...----0 2 

c1r ..,... SOURCE 
CURRENT 

D I G I TAL DATA I I NTERCONNECTI NG I 0----lr---........:.-----. COMMAND 
SOU RCE I CABLE I o---f SELECTABLE 
(EXPER I MENTI I I 
LOG I CAL "ZERO" + 0. 2 :!:_ 0. 2 VOLTS 

THE SOURCE LI NE D R I VER MUST 

REDUNDANT 
CI RCU I T  

BE CAPABLE O F  "S I NK I NG" U P  TO 0. 215 rna 
LOGI CAL "ONE" + 4. 0 :!:_ 1. 5 VOLTS 

THE SOURCE Ll NE DRI VER MUST BE 
CAPABLE OF "SOURCI NG" U P  TO 0. 012 rna 

R, C1, & C2 CONTROL R I SE AND FALL TIME 
SEPT 68 5 1 78.7.62 



D I G ITAL DATA PROCESSOR  
TELEMETRY S UMMARY 

CHANNEL 2 AE-01 0. 25 VDC CAL l BRAT ION OF ADC 
A ZENER D lODE AND RES I ST IVE D IV I DER I S  
USED TO PROV I DE AN ACCURATE REFERENCE 
VOLTAGE FOR TM CHANNEL CAL l BRAT ION 

CHANNEL 3 AE-02 4. 75 VDC CAL l BRAT ION OF ADC 
TH I S  VOLTAGE I S  O BTA I  NED FROM THE 
SAME NETWORK AS THE 0. 25 VDC AND 
PROV I DES A SECOND CAL l BRAT ION PO I NT 

CHANNEL 46 AT-29 D I G I TAL DP ,  BASE TEMPERATU RE 
USES A THERM I STOR LOCATED ON THE 
BASE PLATE 

CHANNEL 47 AT-30 D I G I TAL DP , I NTERNAL TEMPERATURE 
USES A THERMI STOR LOCATED ON ONE 
OF THE PR I NTED C I RCU I T  BOARDS 

SEPT 68 51 78.7.63 



ANALOG MULTIPLEXER CONVERTER 

DEC 67 5178.7.64 



ANALOG MULT IP LEXER/CONVERTER  

P HYS ICAL D ESCR IPTI ON  
S I ZE 

WE I GHT 

POWER 

PARTS COUNT 

PAC KAG I N G  

CONNECTOR 

2. 62 x 4. 23 x 5. 92 i nches 

2. 2 pounds 

REQU I RES  A TOTAL OF 1435 M I LL J WATTS ( NOM I NAL AT R OOM AMB I ENT) AT 

THE FOLLOW I N G  VOLTAGE LEVELS -

65 mi l l iwatts at + 15 vdc 
150 mi l l iwatts at + 12 vdc 

llOO mi l l iwatts at + 5 vdc 

120 m i l l iwatts at - 12 vdc 

I NTEGRATED C I RCU I TS 

F J ELD EFFECT TRAN S I STOR S 

TRANS J STOR S  

D I ODES 
ZENER  D l ODES 

CAPAC ITORS 

76 

156 

185 

307 
9 

158 

RES I STOR S  102 
C RY STALS 2 
ALL PARTS ARE MOUNTED ON 15 TWO LAYER PC Bs 

H U GHES - 244 P I N DEC 67 5178.7.65 



ANALOG MU LT I P L EXER/CONVERTER  

THE COMPONENT -
• CONS I STS OF A 90 CHANNEL ANALOG MULT I PLEXER , A SEQUENCER , 

BU FFER AMPL I F I ERS AND TWO E I GHT- B IT A/ D CONVERTERS W ITH 
BU FFERED OUTPUTS 

• USES REDUNDANT GATES , DR IVER S AND A/ D CONVERTER S FOR 
REL IABLE OPERAT ION 

• MON I TORS U P  TO 90 DATA SOURCES ON A SEQUENT IAL SAMPLE 
BAS I S . REQU I RES ABOUT 54 SECOND S FOR ONE COMPLETE 
SEQUENCE OF SAMPLES 

• CONVERTS EACH I NPUT I NTO AN 8- B IT B I NARY WOR D 
• PROV I DES THE 8- B IT B I NARY WOR D  I N  PARALLEL TO THE D I G ITAL 

MULT I PLEXER OF THE DDP 
DEC 67 5 178.7.66 



S IMP L I F I E D  BLO CK  D IAGRAM 

I 
I 90 CHANNEL 

ANALOG : 
90 MULT I PLEXER 

I N PUTS 1 
I 
I 
I 

EXTERNAL 
CHANNEL 
ADVANCE 
COMMAND 

GATE 
DR IVERS 

SEQUENCER 
C I RCU ITS 

MULT I PLEXER� AI D CONVERTER 

I 1 ANALOG TO 8 8 
�'---+-.& D I G I TAL  CONVERTER 

OUTPUT 
BUFFERS 

PARALLEL 
D I G ITAL  
OUTPUTS " X" 

ANALOG TO 8 

"X" 

>---11-++� D I G I TAL CONVERTER 
OUTPUT 8 

BUFFER 

PARALLEL 
D I G ITAL  
OUTPUTS 

90TH CHANNEL 
OUTPUT PULSE 

"Y" "Y" 

I EXTERNAL ADC 

A/D "Y" 

I ENCODE COMMANDS  A/D {--------'� 
I "X" 

1 r - - -

� MUX {----+-I � L-1------1�---e 

+ 12 + 15 +5 -12 

--, I 
I 
I I I I I I 
I I PART OF P D U  I 

l _ _ _ _ _ _ _ _ _ _  _j 
SEPT 68 5 178.7.67 



MULT IPLEXER GATE  ARRANGEMENT D IAGRAM 

F I R ST T I ER SECOND T I ER I I 
1 
I I 

15 

� 

� 
� 

... 16 ' /  I I 
90 H I GH 30 . ... , ,.  
LEVEL ... , ,.  31 
ANALOG 4� I NPUTS ' / 

... 
' /  46 I " 

""' I L_I l i_A A : 
A l J Y 1 
l' 
A 
L l _A A 
.... T I.!: v 
A � If � A  
A I T T I 
A 
"L t � A 
A. )" T 
y 
A. 

� !.. � y  

TH I R D  T I ER 
I i 

I : I r'l. � I I ' l
r h 
� u 

FROM ADC NO. 2 

TO ADC NO. 1 

� - ' FROM ADC NO. 1 

r h L J TO ADC NO. 2 

LEGEND 
/ y � FET GAT ... A 

60 
61 E 

I 75 
76 I I 
90 

... � 
... " 
... 
� 

!-- l. ...A. "' l' y y 
A. 
"L 1 A A 
A. T '( T 
y I 

) 1) �)1)1)0 1) 1 1 1) 1 1 11� 
'� ' :-� ... 1 2 3 4 5 6 _. v 

FROM 15: 1 FROM 6: 1 
COUNTER MATR I X  

"C" RATE PULSES 
COUNTER MATR IX  

"R" RATE PULSES 

0 FET GATE DR IVER 

SEPT 68 5 1 78.7 .68 



MULT IPLEXER T IM ING  D IAGRAM 

Cl LJ u 
C2 
C3 
C4 u . I 
C l5 u 
Rl  
R2  

CHANNEL #! 
CHANNEL #2 
CHANNEL #3 

2 OF 6 1 1R1 1 RATE 
...___ PULSES 

MUX CHANNEL #4 

OUTPUT 

Rl  
R2  
R3  
R4 
R5 
R6 

I 
� 
� 

0 .- N ('1"\ o::;t IJ"\ .- N ('I"\ o:::1" 1J"\ '-O r- OO o- .- .- .- .- .- .-
u u u u u u u u u u u u u u u 
l 2 3 4 
16 
31 
46 
61 
76 

5 6 7 8 9 lO l l  

DATA FORMAT AND 
C HANNEL SEQUENCE 

12 13 14 15 
30 
45 
60 
75 
90 1-' 

MUX 
ADVANCE ._! -----�'----' 
P ULSES I 

I 
ADC I 

I ENCODE I COMMAND-'--1 -�--.a.. 

I 
I 

DATA I I 
AVA I LABLE __r-u---t_ 

SEPT 68 5 178.7.69 



A/0 CONVERTER FUNCT IONAL  BLO CK  D IAGRAM 

ANALOG 
I NPUT { 
FROM o---------------+-1 
BUFFER 
AMPL I F I ER 

ADC 

RAMP 
GENERATOR 

{ SYNC ENCODE o----!lloot LOG IC COMMAND -........,--osc 
SYNC 
I NPUT 

2 MHz 
osc 

CONTROL 

A/ D ENCODE S 

osc 
GATE 
CONTROL 

ACCUMU LATOR I-+-... 
( B I NARY COUNTER) 

ACCUMULATOR 
RESET 

8 lPARALLEL 
foUTPUT 

SEPT 68 5 178.7.70 



I NPUT REQU I R EMENTS 

ANALOG I N PUTS 

RANGE 0 TO +5 volts 

I N PUT Z � 1 megoh m (ON state) 

�50 megoh ms (OFF state) 

SOURCE Z 2 lO k oh ms 
* PROPER OPERAT I ON W ITH AN OVERVOLTAGE OF  

+8 to -6. 5 vo lts for cha n ne ls  21 , 36, 45 , & 80 

+8 to -9 volts fo r cha n nels  6,  7 ,  26, 52, 67 , & 70 
+8  to -5 vo lts fo r a l l  othe r  cha n nels  

IS  NOT DAMAGED BY AN OVERVOLTAGE OF ± 12  VOLTS ON ANY CHANNEL. 

ADVANCE P U LSE 

REQU I RED FOR ADVANC I NG MU LT I PLEXER  THROUGH I TS 90 CHANNELS. 

S U PP L I ED BY D D P  

ADC START (ENCODE)  P ULSE 

DR IVES SYNC LOG I C  TO START AI D CONVERS I ON. S U P P L I ED BY D D P  

':' PROPER OPERAT ION I S  NOT GUARANTEED BEYON D  

PLUS AND M I NUS O PERAT IONAL L I M ITS 
APR 69 5 178 .7.71 



ANALOG  MULT I P LEXER/CONVERTE R  O UTPUTS 

B I NARY OUTPUT -

00000000 FOR A NEGAT IVE I NPUT 

00000001 FOR ZERO I N PUT 

1 1 1 1 1 1 10 FOR +5 VOLTS I NPUT 

1 1 1 1 1 1 1 1  FOR GREATER THAN +5 V O LTS I N PUT 

LOG I C AL 1 1 01 1 I S  +4. 0 ± 1. 5 VOLTS 
LOG I CAL � � r ·  I S  +0. 2 ± 0. 2 VOLTS 

TEMPERATU RE  TELEMETRY 

CHANNEL 33 AT -27 BASE TEMP 
( S I GNAL O BTA I NE D  BY A THER M I STOR/ 
R E S I STOR NETWOR K POWERE D  BY + 12  V DC 
THE R M I STOR LOCATED ON BASE P LATE) 

C HANNEL 34 AT-28 I NTER N A L  TEM P  
( SAME A S  A BOVE EXCE PT THER M I STOR 
MOU NTED ON PC B) 

SEPT 68 5178.7.72 



ANALO G MULT I P LEX E R  C H ANN EL ASS I G NM ENTS  
rrr;:;rm STRU CTU RE & I NS U LAT I ON 
UJlW.J TEMPERATU RES ( 13) 

DU ST CELLS (6) 

� RTG TEMPERATU RES (6) 

� PCU TEMPERATU RES (4) 

� PCU I NPUT/OUTPUT 00) 
� DATA S U BSYSTEM 
� TEMPERATURES 05) Fft17-Ftt DATA S U B SYSTEM 
EH1:HB FU NCTI ONAL ( 11) [ffiill PSE (8) 

6 S I DE/CCGE (2) 

��ffJ��25: CPLEE (6) §���·;.�{�!?# IY;{k;@�) HEAT FLOW (6) /ASE (4) � 
TOTAL (8) � 

n�i�5�:.:::�r:s::s [I] BLANK ( l ) 5; 
�L---...a.;;;.;.�.�..�.�o..........,....a..:.:;.o&..-.........,.;;;.._.�� ALSE P 00 

'0 
.... a.. w V) 

APPEAR S  I N  WOR D 33 ON ALSEP l 1 & 2 3 4 I I I 
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TRANSM ITTER 

PHYS ICAL DESC R I PT ION 

• S IZE l . 5 x 2 x 7. 5 i nches 
• WE I GHT l . 1 7 pounds ( each ) 
• POWER 8 watts at 29 V DC 

0. 5 watts at 12 VDC 
• EMPLOYS MODULAR CONSTRUCT I ON W ITH 11 SEPARATE C I RCU IT 

MODULES 
• MODULES ARE MOUNTED ON A M I LLED MAGNES I UM BASE PLATE 

W ITH I NTER -MODULE W I R I NG THROUGH M I LLED PASSAGEWAYS 

SEPT 68 5 178.7.75 



* 

TRANSM ITTE R  

PROV I DES A M I N I MUM OF l WATT I NTO A 50 OHM LOAD W ITH A MAX I MUM 
VSWR OF l . 3: l 
PROPER CRYSTAL I S  I NSTALLED DUR l NG MANUFACTURE FOR OPERAT I ON ON 
E ITHER 2276. 5 MHz (CHANNEL #l ) ,  2278. 5 MHz (CHANNEL #2) OR 2275. 5 MHz 
(CHANNEL #3) . 2279. 5 MHz (CHANNEL #4) I S  AS S I GNED BUT NOT IMPLEMENTED 
FREQUENCY STA B I L I TY I S  0. 0025%/YEAR 
TWO I DENT I CAL COMPONENTS , TRANS A AND TRANS B, ARE PROV I DED 
W ITH ONE I N  STAND BY 
E ITHER A OR B MAY BE SELECTED BY COMMAND FROM THE MSFN 

I F  ONE I S  SW ITCHED 1 10FF • •  DUE TO AN OVERCURRENT COND IT I ON , THE OTHER 
I S  AUTOMAT ICALLY SW ITCHED 1 1 0N 1 1  
I F COMMANDED 1 10FF 1 1  A RES I STOR ( HEATER) I S AUTOMAT I CALLY SW ITCHED 
ON FOR CENT STA THERMAL STAB I L I TY 

SEPT 68 5 178.7 .76 



TRANSM ITTER , B LO CK  D IAGRAM 

B INARY I NPUT 
MODULAT ION 

�--- - - - ------, 
I VARACTOR STR I PL I  NE I 

1-+--t-<--t 

+ 10 v 

1 WATT 
2276. 5 MHz 
OUTPUT 
± l. 25 RAD 

+29 v 

+ 12 v 

SEPT 68 5 178.7 .77 



TRANSM I TTER A 

CHANNEL SYM BO L  

18 AT-23 

19 AT-24 

51 AE-51 

81 AE-17 

TRANSM ITTER  
TELEMETRY S UMMARY 

TRANS M I TTER B 
TELEMETRY DATA 

CHANNEL SYM BO L  

TRANSM I TTER CRYSTAL TEMP 
U SES A 15 K OHM THERM I STO R  AND 

2 RES I STORS TO DEVELOP S I GNAL 31 AT-25 
PARTS ARE LOCATED I N  OSC - BU FFE R-
MODU LATOR MOD U LE 

TRAN SM ITTER HEAT S I NK TEMP 
U SES A 15 K OHM THERM I STOR AND 

2 RES I STOR S TO DEVELO P S I GNAL 
32 AT-26 

LOCATED I N  POWER DOU BLER 
TRANS AGC VOLT AGE 
AGC VOLTAGE I S  AMPL I F I ED TO G IVE 66 AE-16 
TM S I GNAL OF  PROPER LEVEL 
TRAN S PWR DOU B LER DC C U R RENT 

S I GNAL O BTA I NED FROM S MALL RE- 22 AE-18 
S I STOR I N  POWER RETU RN 

APR 69 5 178.7 .78 
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POWER D ISTR IBUTI ON  UN IT 

PHYS ICAL DESC R I PT I ON OF THE P D U  

* 

S I ZE 2. 8 X 4 x 7. 25 i nch es 

WE I GHT 2. 29 pou nds 

POWER 375 mi l l iwatts at + 29 V DC 

75 mi l l iwatts at + 15 V DC 

735 m i l l iwatts at + 12 V DC 

85 mi l l iwatts at + 5 V DC 

8 m i l l iwatts at - 6 VDC 

475 m i l l iwatts at  -12  V DC 

PARTS COUNT - 17 FLATPAC KS 

37 TRANS I STORS 

11  AMPL I F I ER S  

98 D I ODES 

27 RELAYS 

238 RES I STOR S 

44 CA PAC ITORS 

7 FU SES 

2 THERM I STORS 

* PAC KAG I NG - ALL PARTS ARE MOUNTED ON 5 PC Bs  
* CONNECTOR - HU GHES - 244 P I N  

SEPT 68 5 178 .7.80 



POWER  D ISTR I BUT I ON  U N IT 

THE PDU -
• PROV I DES FOR THE D I STR I BUT I ON AND CONTROL OF POWER TO 

EXPER IMENTS AND CENT STA COMPONENTS 
• CONTA INS C I RCU I TRY TO PROTECT THE SYSTEM AGA I NST OVER

LOADS OCCUR l NG FROM COMPONENT FA I LURES 
• PROV I DES S I GNAL COND IT I ON I NG FOR CENT STA AND POWER 

SUBSYSTEM TELEMETRY S I GNALS 
• W I LL, BY SEQUENT IAL TURN-OFF OF 3 EXPER IMENTS, ADJU ST THE 

TOTAL POWER DEMAND TO A VALUE W ITH I N  THE AVA I LA BLE POWER 
L IM IT 

• UPON SENS I NG A POWER OVERLOAD COND IT I ON , WA ITS A BOUT 135 
M I LL I SECOND S BEFORE SW ITCH I NG AN EXPER IMENT TO STAND BY 

• PROV I DES MOUNT I NG S PACE FOR THE "DUST DETECTOR 1 1 ELECTRON I C S 
DEC 67 5 1 78.7.8 1 



S IMPL I F I E D  B LO C K  D IAGRAM P D U  

FROM PC U 

FROM C MD 
DECODER 

} 
_

POWE R 

} 
� RES POWE 

S I GNAL 
REFERENCE 
S I GNAL o-

COMMAND S  

POWE R 
OFF 

S EQUENC E R  
� 

{ TO PDRs  AND .r=:= CENT STA HEATER S  
LOAD DATA 
AND PROC ES SOR 
HEATER POWER 
POWER CONTROL CONTROL 

RECE IVER 
POWER 
CONTROL 

EXPER I MENT TRAN S M I TIER 
POWER POWER 
CONTROL CONTROL 

SENSOR S 

FROM 
SEN SOR S 

} POWER TO SENSORS l{ TO 
EX PER I MENTS TM } ,... SENSOR S I GNAL S I GNAL 

P ROCES S  l NG 

� 

� 

� 

� 

{ TO DATA 
PROCES SOR 

{ TO C OMMAND 
RECE IVER 

{ TO 
TRANSM I TIE RS 

{ TO 
MU LT I P LEXER 
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EXPER IMENT POWER  C ONTROL ( 1  OF  4 )  
1 10PER S EL I I  

TO ASTR O SW 

+29 V DC 

1 1STBY S EL I I  

..... EXP R I PPLE-
OFF SEQ *  

1 1 ST BY OFF 1 1  

--4 

DR I VER 

C I RCU I T  
RELAY B REAKER 
NO 1 r--

D R IVER + 
TR I P  

-

POWER RETURN 

...... D R IVER t RESET 

L.., RELAY i NO 2 

+ FU S E  
D R IVER (500 rna) 

* NOTE: R I P PLE-OFF S EQ USED ON 1 ,  3 & 4 ONLY 

29 V DC 
EXP OPER POWER 

29 V DC 
EXP ST BY 

TO S U M  

POWER 

M I N G  
NETWOR K FO R TM 

SEPT 68 5 178.7.83 



EXPER IMENT  R IP P L E - O F F  SEQU E N C E  
1 KHz 
CLOC K 

RESERVE PWR 

STBY SEL 
CMD 

.----• TO EXP 4 
SENSE 

COMPARATOR 
DELAY 
135 ±15MS AMPL TO EXP 3 

COUNTER RUNN I NG TO EXP 1 
0 0 9 17 25 

w�y ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
t t t STBY SEL CMD t STBY SEL CMD t STBY SEL CMD t � 135±15MS---, TO EXP #4 TO EXP #3 TO EXP #1 

SENSE START 
OVERLOAD COUNTER 

* I F  OVERLOAD COND IT I ON EX I STS FOR 135 ±15MS, THEN FROM COUNT 1 to COUNT 9 
A "STBY SEL!• CMD I S  I SSUED TO EXP #4. 

* AFTER 9MS, I F  OVERLOAD ST I LL EX I STS, A "STBY SEL" CMD I S  I SSUED TO EXP #3 
FROM COUNT 9 TO COUNT 17. 

* I F  OVERLOAD ST I LL EX I STS , A " STBY SEL" CMD I S  I S SUED TO EXP #1 FROM 
COUNT 17 TO COUNT 25. 

* WHEN OVERLOAD I S  C LEARED THE COUNTER I S  RESET AND FU RTHER EXPER I MENT 
SWITCH lNG  I S  I NH I B ITED. 

SEPT 68 5 1 78 .7.84 



FROM 
EXP 
PWR 
CONTROL 

EXP PWR MODE  TM  

+29 VDC WHEN EXP NO l I S  I N  STBY 
+29 VDC WHEN EXP NO 2 I S  I N  STBY 
+29 VDC WHEN EXP NO 3 I S  I N  STBY 
+29 VDC WHEN EXP NO 4 I S  I N  STBY 
+29 VDC WHEN HTR NO 2 

I S  ON 

80. 6 
K 

--

K 

2K 

20 
K 
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TRANSM ITTER POWER  CONTRO L  

XMTR A SEL � f DR IVER1  

XMTR ON 

+29VDC 

+ l2VDC 

XMTR OFF 

I ' I  

: DR IVER� 

� D R IVER l-
XMTR B SEL 1 1 

_

[� D R IVER 1 
720±30 DAY "OFF" S I GNAL 
FROM CENT ST A T I MER 

� 
29V 

l2V 

� I 
1 <>-
I I 

I Y- 29V 
0 o--

RELAY RELAY l2V 
K2 K4 

f 
C I RCU I T  
BREAKER 

f 
C I RC U I T  
BREAKER 

f 
C I RCU IT 
BREAKER 

f 
C I RCU IT  
BREAKER 

} TO HTR 

} TO " B "  

} TO l i B I I  L I TO 
D I PLEXER/ 
SW ITC H  

----�P�OW�E�R�R�ET�U�R�N ________________ } TO A & B 

SEPT 68 5 178.7.86 



DATA PROCESSOR & 
CMD  RCVR PWR CONTROL CKTS 

DATA PROCESSOR COMMAND RECE IVER 

+ 12 V DC TO D I G ITAL D P  

" X "  PROC SEL 
CMD 

+ lSVDC TO MUX/CONV X 
TO MUX/ CONV y 

K6 
-l2VDC TO MUX/CONV X 

TO MUX/CONV Y 
TO MUX/CONV X 

+SVDC TO D I G ITAL DP X 

ASTRO SW 2 TO D I G ITAL DP  Y 
TO MUX/CONV Y 

+ 12 VDC 

+29 VDC 

SW ( S-2) 

RTN 

.- - - :-� 
h 3 I TO RCVR 

I I · ·� I : I 
I I TO HTR I I 
L- - _ .J C B6 

NOTES:  
l. C Bl I S  LATC H I NG 

TYPE RELAY 
2. C B6 I S  "HOLD I NG" 

TYPE RELAY 
NOM I NAL CO I L  VOLTAGE 

IS 18 VDC 

RTN 

SEPT 68 5 178 .7.87 



SWITCH ING  FOR POWER DUMP  RES ISTORS 

CMD ON 

(017) 

+ 29V DC 

CMD OFF 

(021) 

CMD ON 

(022) 
+ 29V DC 

CMD OFF .-----. t---------1 
( 023) 

• EAC H  RES I STOR I S  340 oh ms 

• RES I STORS ARE LOCATED ON 

EXTER l O R  OF CENTRAL STAT ION 

R21 

P DR #2 . 

- - - - - - - -- - - ........---.-------..-----. 

R19 

PDR #1 

R18 Rl7 

APR 69 5 178.7.88 



SWITCH ING  FOR  C ENTRAL STA H EATERS 
C MD ON 

( 024) 
+29 V DC 

CMD OFF 
( 025) 

THERMOSTAT .._----. 

C LOSE AT - 10° + 8 °  F 
O PEN AT 0 ° -:;: l0°F 

R4 
340 .Q 

RTN------._----�-----+----� 

TR I P  

R E S ET 

+29V DC 

R5 R7 R8 R IO 

RTN ------4�-----...__� 
D S S  HT R l 

FOR HTR 2 STATU S TM 
TO S U MM I NG NETWOR K  

+29 V DC 

FU S E  (500 Mal 
R 6  R9 

RTN -------t.__ _ _.J 

• EAC H RES I STO R  I S  340 oh ms D S S  HTR 2 

e RES I STO R S  ARE MOU NTE D ON THE RMAL PLATE SEPT 68 5 178.7.89 



TELEMETRY S I GNAL  C OND IT IO N I N G  

CHANNEL 62 AT-34 POWER D I STR I BUT I ON, BASE TEMP 
CHANNEL 63 AT-35 POWER D I STR I BUT I ON , I NTERNAL TEMP 
THE ABOVE S I GNALS ARE O BTA I NED FROM THERM I STOR S AND RES I STOR 
D IV I DERS POWERED BY + 12VDC. FOR AT-34, THE THERM I STOR I S  LOCATED 
ON THE BASE PLATE AND FOR AT-35 THE THERM I STOR I S  LOCATED ON PC B 
CHANNEL 06 AR-01 RTG HOT FRAME #1 TEMP 
CHANNEL 37 AR-02 RTG HOT FRAME #2 TEMP 
CHANNEL 52 AR-03 RTG HOT FRAME #3 TEMP 
CHANNEL 07 AR-04 RTG COLD FRAME #1 TEMP 
CHANNEL 67 AR-05 RTG COLD FRAME #2 TEMP 
CHANNEL 82 AR-06 RTG COLD FRAME #3 TEMP 
THE ABOVE TELEMETRY S I GNALS ARE OBTA I NED FROM PLAT I NUM W I RE 
SENSORS LOCATED I N  THE RTG. THESE SENSORS ARE CONNECTED I NTO A 
BR l OGE C I RCU IT LOCATED I N  THE PDU. THE BR l O GE OUTPUT I S  AMPL I F l ED 
BY A L I NEAR DEV ICE TO G IVE AN ACCURATE TM VOLTAGE 

DEC 67  5 1 78.7.90 



PDU  TELEMETRY C I RCU ITS 

SENSOR 
IN RTG 

+12 VDC 

TM CKT FOR RTG HOT & COLD FRAME 

+12 V DC 

15K (D ft\L_�.....____,
30

.� 
THERMI STOR\{J

_ 
l -� COMMON RTN 

® 
2QOO J\.. 

N i  W I RE 
SENSOR 

30
10 ..J\.. 

TM CKT " I NTERNAL" TEMPERATURES 

+12 VDC 
5900.n. 

COMMON RTN 
TM CKT FOR STRUCTU RE TEMPERATU RES 

+ S I G  

+ S I G  

CD FENWAL I SO-CURVE THERMI STOR - 15K OHMS (V TYLAN FG-108 N ICKEL W I RE SENSOR - 2000 OHMS 

TM S I G  

SEPT 68 5178.7.9 1 



TELEMETRY S I GNAL  CON D IT I O N I N G  

THE P D U  PROV I DES  THE + 12  VOLT S U P P LY AND ONE 3010 OHM SER I E S  RES I STOR 
FOR EAC H OF THE FOLLOW I N G T M  MEA S U R EMENTS: 
C HANNEL 04 AT-03 THE RMA L P LATE 1 

CHANNEL 28 AT-04 THE RMAL P LATE 2 
CHANNEL 43 AT-05 THE RMAL PLATE 3 
CHANNEL 58 AT-06 THE RMAL P LATE 4 
CHANNEL 7l AT-07 THERMAL PLATE 5 
CHANNEL 48 AT-31 COMMAND DECODER BASE TEMP 
C HANNEL 49 AT-32 COMMAND DECODER I NTER NAL TEMP 
CHANNEL 61 AT-33 COMMAN D DEMODULATO R ,  VC O TEMP 
CHAN NEL  46 AT-29 D I G ITAL D P  I BASE TEMP 
C HANNEL 47 AT-30 D I G I TAL D P ,  I NTER NAL TEMP 

SEPT 68 5 178.7 .92 



TELEMETRY S IGNAL  C OND IT I ON I NG  

THE PDU PROV I DES + 12 VOLTS AND ONE 5900 OHM RES I STOR , I N  SER I ES 
W ITH THE EXTERNALLY LOCATED 2000 OHM N I C KEL W I RE SENSOR , FOR 
EACH OF THE FOLLOW I NG TM MEASUREMENTS: 

CHANNEL 27 AT-01 SUNSH I ELD TEMP 1 
CHANNEL 42 AT-02 SUNSH I ELD TEMP 2 
CHANNEL 59 AT-08 LEFT S I DE STRUCTURE TEMP W1 
CHANNEL 87 AT-09 R I GHT S I DE STRUCTU RE TEMP W2 
CHANNEL 15 AT-10 BOTTOM STRUCTURE TEMP B 1 
CHANNEL 88 AT-11 BACK STRUCTU RE TEMP W3 
CHANNEL 60 AT-12 I NSULAT I ON I NNER TEMP 
CHANNEL 72 AT-13 INSULAT ION OUTER TEMP 

SEPT 68 5178.7.93 



M ISCE LLAN EOUS  ITEMS  

• CENTRAL STAT ION T I MER 

• ASTRONAUT BAC K-U P SW ITCHES 

• W I RE HARNES S 

DEC 67 5 178.7 .94 



CENTRAL STAT ION T IM ER  

• THE C ST I S  AN ACCUTRON MEC HAN I SM O BTA I NED  FROM THE BU LOVA 
WATC H CO. 

• A TUN I NG FOR K  I S  U SED  TO AC C U RATELY C ONTROL S W I TC H  C LO S U R E  
T I ME 

• S IZE: l. 32 x l. 32 x 2. 63 I NCHES 

• WE I GHT: 0. 265 POU NDS 

• POWER I S  PROV I DED  BY A SEPARATE BATTERY 

• TWO MODES OF OPERAT I ON ARE PROV I DED-

- 1 1 STO P MOD E • • - POWER I S  A P P L I E D  A N D  FOR K  I S  O SC I LLAT I NG 
AT LOW LEVEL - ROTARY MOT I ON I S  N OT PRODUCED. MAX I MU M  
C U R RENT I S  7 M IC R OAMPERES. TH I S  MOD E  I S  U S E D  F ROM F I NA L  
TEST U NT I L  D E P LOYMENT O N  THE LUNAR S U R FACE 

- 1 1 START MOD E 1 1 - A D D IT I ONAL POWER I S  A P P L I ED FOR I NC REAS E D  
AMP L ITUDE O F  FOR K  OSC I LLAT I ON. ROTARY MOT I ON I S  P R O D U C E D  
T O  D R IVE THE SW I TC H  MECHAN I SM. MAX I MUM C U R R ENT I S  12  
M IC ROAMPERES 

SEPT 68 5 178.7.95 





C ENTRAL STA T IM ER  MECHAN ISM  

OUTS I DE 
CENTRAL 
STAT ION 

E65 
TBl 

I 
E66 \ 1 

* REMOVAB LE I 
JUMPER I 

FORK 

ACCUTRON 
MOVEMENT 

* 

START-
STOP 

! TERM I - - - - - - - -J 
SHORT I N  

CONVERT TO 
ROTARY MOT I ON & 
DR IVE SW I TCH 
MECHAN I SM 

JUMPER I S  REMOVED AND 360 Hz S I GNAL 
APPL IED  TO START FORK. 

l M I N  SW ACT I ON PRODUCED 
BY S I NGLE SEGMENT COMMUTATOR 

W I RE BRU SH I N SU LAT I ON 

� 
W I RE BRUSH 

--o� 
EQU IV SW 
C LOSED FOR 
500 ±200 MS - - - - - - - - -

12 HR SW ITCH I S  PRODUCED 
SNAP ACT I ON MECHAN I S M 

--0'-o--- S P ST ,- - - - - - - -
1 720 !30 DAY SW ITCH 

I 0 E� 
I SEPT 68 5 178 .7.97 



CENT STA T IMER  BATTERY 

• CONS I STS OF A P . R. MALLORY Z I NC -MERCUR IC -OX I DE , TYPE RMCClW 
CELL, I N  A SPEC I AL PACKAGE FOR ALSEP. BAS IC CELL I S  CALLED 
1 1 PACER ' '  

• I N I T I AL TERM I NAL VOLTAGE I S  1. 5 VOLTS MAX IMUM 
• M I N IMUM CELL CAPAC ITY I S  750 M I LL IAMPERE HOUR S 
• CELL CAPAC ITY I S  DERATED TO 375 M I LL IAMPERE HOUR S FOR ALSEP 
• CELL CAPAC ITY I S  GUARANTEED AFTER STORAGE (OPEN C I RCU IT) FOR UP 

TO 2 YEARS 
• OPERAT l NG TEMPERATURE I S  -27 to + 162°F 

SEPT 68 5 178.7.98 



SWITCH QlY/lYPEIROT 
NUMBER 

1 1/SPSTilBif 
NON-MOMENTARY 

11 S PSTilBif 
2 

MOMENTARY 

4/SPST/2� 3 
MOMENTARY 

ASTRONAUT SW ITCHES 

• SWITCHES INTERFACE WITH UHT 

FUNCTION 

• All SW ITCHES ROT CW 
• V I SUAL IND ICATORS 

SHOW SWITCH POS 

D I SABLES THE HOLD-OFF C I RCU IT. 
MUST BE OPERATED BY THE ASTRONAUT 
IAI TURN XMTR B ON 
IBI TURN DATA PROCESSOR Y ON 
ICI RESET RCVR 
MECHANICALLY GANGED & OPERATED 
SEQUENTIALLY TO ACTIVATE EXPER 
OPER SEL POWER SWITCHES l iN 1, 2. 
4, 3 ORDERI AT "' 0. 1  SEC INTERVALS 

ALSEP 4 INCLUDES THE ASE; HAS 2 ADDITIONAL� {IAI ACTIVATE ASE OPER SEL POWER SW ITCH 
BACKUP 4 I NOT INC ON SW f31 

( B) SWITCH DATA PROCESSOR TO ASE HBR ON {(A) ACTIVATE ASE STBY SEL POWER SWITCH 

OPERATIONAL 5 (B) SWITCH DATA PROCESSOR TO ASE HBR OFF 
IRETURI\l TO NORM BIT RTI 

ICl ACTIVATE SW ITCH TO INTERRUPT ASE 
29 V OPER PWR LINE; SAFElY FEATURE 
REDUNDANT WITH IAI 

NOV 68 5178.7.99 



WIRE  HARNESS 

• ALL COMPONENTS ARE I NTERCONNECTED W ITH A PRE-FORMED W I RE HARNESS 
WH I CH PROV I DES THE PROPER MAT I NG PLUGS 

• W ITH I N  THE THERMALLY CONTROLLED AREA , AWG# 24 S I NGLE CONDUCTOR , 
STRANDED , COPPER W I RE I S  USED 

• TWO PR I NTED C I RCU IT TERM I NAL BOARDS ARE USED TO PERM IT TRANS IT I ON 
FROM COPPER TO MANGAN I N  FOR W I  RES WH I CH MUST GO OUTS I DE THE 
THERMALLY CONTROLLED AREA 

• TO REDUCE THERMAL CONDUCT ION , MANGAN I N  W I RE , WH ICH HAS A THERMAL 
CONDUCT IV ITY ABOUT 11 17 THAT OF COPPER , I S  USED BETWEEN THE PC 
TERM I NAL BOARDS AND EXTERNAL I NTERFACES (CONNECTORS ). BECAU SE OF THE 
H I GH CURRENT, + AND - W I  RES TO THE RTG CONNECTOR ARE COPPER 

• CONNECTORS U SED ARE MADE BY HUGHES , SCHJELDAHL, DEU STCH AND M IC RODOT 
JAN 69 5 178.7. 100 



HARNESS TO EXTERNAL  CONNECTORS 

CONTROLLED 
ENV I RONMENT 

EXPOSED TO 
LUNAR 
ENV I RONMENT 

COPPER W I RES I N  HARNESS COPPER W I RES I N  HARNES S 

TERM I NAL BOARD NO. 1 TERM I NAL BOAR D NO. 2 

EXTERNAL CONNECTORS ON STRUCTU RE 
DEC 67 5 178.7 . 10 1  





PASSIVE SE ISM IC  EXPER IMENT 

• COMPONENTS & FUNCT ION 
• DEPLOYMENT 
• COMMANDS & DATA 

· cENTRAL 
STAT ION 
ELECTRON ICS 

MANGAN I N  R I B BON 
CABLES - THERMAL 
BARR I ER 

SENSOR ASSY 
W ITH I N  THERMAL 
CONTROL ASSY 

\ .. PA I R  OF 

LEVEL I NG _____,WI 

STOOL 

CABLE REEL/ APR 69 5178.8.1 



LP VERT ICAL (Z )  SENSOR 

CAPAC ITOR 
PLATE 

CAG I NG BELLOWS 
(RETRACT FOR UNCAGEl 

I N STR UMENT D ETA I LS 
+ X  AX I S  

- X  AX I S  

TOP V I EW 

CAPAC I TOR 
PLATE 

LP HOR I ZONTAL (X, Y) SENSOR S 

SENSOR BOOM 

ELECTROMAGNET 
FOR CAL I B. 

BELLOWS 
( RETRACT FOR UNCAGE) 

APR 69 5 1 78 .8 .2  



PSE FUNCTI ONAL  BLOCK  D IAGRAM 

{ ENG (ANALOG) DATA (8 LI NES) 
DATA SC I ENCE ( D I G ITAL) DATA 
P ROCESSOR 

_______ --=.:::...:=::::.=-��:...:=:...=-=�----------------------. 
D I G I TAL DATA SYNC AND CONTROL P ULSES 

r __ ...,. LONG PER IOD ( LP)  

���� I HOR IZONTAL (X AX I S) 

LP X SE I SM IC 

X T I DAL ���� ��"1 : : •  S E I S M IC ACT I V I TY MON 

�<§><§?<§> �-----�:�� ----�------� 

LEVEL ING COMMANDS t--j_�-- LONG PER IOD ( LP)  LP Y SE I SM I C  r� LEVEL I NG - - - : HOR I ZONTAL (Y AX I S) y T I DAL 
CALI BRAT I ON /n':::..._/n;:/l i : i•  S E I S M I C  ACTIV ITY MON 
AND GA I N  - ��t '------+:-+-� ------------' 

OUTPUT 
-

I DATA CHANGE --------+------+1 -,1------,! -
1 r----...i'L...------, LP Z SE I SM IC HAN D L I N G  

COMMAND COMMANDS L-:--. LONG PER I O D  ( LP)  I DECODER UNCAGING COMMANDS � & T I MER _j 
I .L ! VERT I CAL (Z AX I S) z T I DAL 
1 uNcA G I NGr - - - - - - - - -:-· sE I S M i c  AcT i v nv MoN 11--=...c..:...:..;...;..::....�-r--,..J 

�T L� & T I MER 

--HEATER CONTROL COMMANDS THERMAL I CONTROL 

P D U  { +29 VDC STBY t, t +29 VDC OPER I POWER TO ALL 
FUNCT I ONS 

I 

I 
I j 
L...,. SHORT PER IOD ( S P )  

VER T I CAL (Z  AX I S) J.;"- SE I SM IC ACT I V I TY MON 
v 

TEMPERATURE 
MON I TOR I NG 

S P  (Z) SE I SM IC 

TEMPERATURE DATA 

SEPT 68 5178.8 .3 



LONG  PER I OD  ( LP )  S E I SM I C  FUNCTI ON  

PSE/LP CAL C H  

FEED BAC K 
CAL I B  
CO I L  

PSE/XY GA I N  C H  

PSE/Z GA I N  CH 
!0, - 10, -20, -30 D B) 

PSE F I LT I N/OUT 

L__----J.,� F I LTER 

+2. 5 V DC 

LP X & Y, OR Z 1---------l 
ATTEN LOG IC 

BY- PASS 
SW ITCH 

ONE EACH 
FOR X,  Y & Z --t---

COMMON 
TO X, Y & Z 

FEED BAC K TO X, Y, & Z AXES F I LTER 
F I LTER LOG IC BY- PASS SW ITC HES 

T I DAL OUTPUT S I GNAL 
TO PSE OUTPUT DATA 
HANDL I NG AND LEVELING 

DEC 67 5 178.8 .4 



6 

SHORT PER I O D ( S P )  S E I SM I C  F UNCT I ON  

SP PSf}SP CAL PWR 
CAL I B  
LOG IC 

PSE/SP GA I N  CH 
SP 
ATIEN 

(0, -10 , -20, -30 DB)  
LOG IC 

+2. 5 VDC 

CAL I B  
STEP 
ATIEN 

r-
""17 

v 

SP 
CAL I B  
S I GNAL 
SW ITCH 

S E I SMIC PRE-
SENSOR AMP 

CAL I B  
CO I L  

STEP POST-
ATIEN AMP 

SE I SMIC 
OUTPUT 
S I GNAL 
TO PSE 
OUTPUT 
DATA 
HANDL ING 
FUNCT ION 

DEC 67 5178.8.5 



PSE 
SC IENT I F I C  
DATA 

LP X SE ISMIC 
LP  Y SE ISMIC 
LP Z SE I SM I C  
L P  X T I DAL----. 
LP Y T I DAL--""1 
LP Z T I DAL-__,� 
SP SE I SMIC 

LEVELING 
D IRECT ION 

LEVELI NG 
SPEED --� 

LEVELING 
MODE 

----i� 

COARSE ___ � 
SENSOR 

X & Y GA I N --� 

LP CALl BRATE 

SP CAL I BRATE 
Z GA I N----+t 
SP GAil\J---""1 
THERMAL 

DATA HAND L I N G  F UNCTION  

DATA 
CHANNEL 

FRAME 
POS Il iON 
COUNTER 

oss 

PROGRAM 
CONTROL 
AND 

CONTROL.-========--���-j UNCAGED-

EVEN FRAME 
MARK PULSES 

DATA GATE 
PULSES 

DSS 
DEMAND PULSES 

SH I FT PULSES 
PSE D I G  I TAL 
(SC IENTI F IC)  
OUTPUT DATA 

SEPT 68 5 178.8.6 



· UNCAG ING  AND LEVEL I NG  F UNCT ION  

UNCAGE ARM/FIRE 

PSE F I LT IN/OUT 

LVL MTRZ ON/OFF 

LVL SNSR I NIOUT 

PSE LVL MOE A/F 

LVL D I R  POS/NEG 

LVL MTRX ON/OFF 

LVL SPEED H IILO 

LVL MTRY ON/OFF 

(+) 

v 

Y T IDAL S I GNAL 

Y AXI S  
LEVEL ING 
MOTOR 

SEPT 68 5 178.8.7 
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PSE  TH ERMAL CONTROL  

TEMPERATURE 
SENS l NG 
BR I D GE 

D I FFERENT IAL TEMPERATURE 
��· 

AMPL I F I ER S I GNAL -
TO PSE OUTPUT 

MU LT I -3 KHz __________ .,. V I  BRA TOR 
� DATA 

HAND L I NG 

29 V DC OPER 
(AND STBY) ------l�• 

POWER 

' 
HEATER HEATER SENSOR 
POWER ,. POWER ,. AS SEMBLY 
RELAY SW ITCH HEATER 

THERMAL -
� BY-PAS S _ 

RELAY 
PSE T CTL CH CONTROL 

LOG IC 
DEC 67 5178.8.8 



PSE  T IM ING  

T IM I NG PULSES PROV I DED BY DSS FOR SYNCHRON I ZAT ION AND DATA CONTROL 

PULSE 
EVEN FRAME MARK 

DATA DEMAND 
DATA GATE 

SH I FT PULSE 

SU BFUNCT ION 
PROGRAM CONTROL, FRAME POS IT ION COUNTER, DATA 
CHANNEL SELECTOR 

ALLOWS DATA SH 1 FT OUT TO DSS 
I ND ICATES I ND IV I DUAL WORDS W ITH I N  A DATA DEMAND 
PULSE OF MULT I PLE WORD LENGTH 

T IM I NG FOR DATA SH I FT-OUT 

NOTE: T IM ING DOES NOT AFFECT THE PSE POWER PROFI LE. 

DEC 67 5178.8.9 



SENSOR HTR 
0. 2 TO 2. 50 W PROP 

SENSOR HTR 
0. 75 w 

ISTBY 

� EXP 1 STBY SEL 

PSE  P OWER PRO F I LE 

lOPER 

�LVL MTRX ON/OFF 

APR 69 5178.8. 10 



RELEASE 4 FASTENERS 

I NSERT UHT 

L I FT EXPE R IMENT 

PSE  T I E - DOWN 

SOCKET 
FOR 
UHT 

APR 69 5178.8. 1 1  



PSE EMPLACEMENT CR ITER IA  

PARAMETER REQU I REMENT P R  lOR I TY I ND ICATOR COMMENTS 

D I STANCE FROM 9 ± 1 FT 1 10 FT CABLE 15 FT SEPARA T l  ON R EQU I REMENT 
S U B PACKAGE 1 FROM RTG FOR THERMAL  REASONS 

D IRECT ION FROM 
DUE E OR W* 

OUT OF F I ELD OF V I EW OF 
S U B PAC KAGE 1 

1 EYEBALL CENTRAL STAT I ON RAD lA  TOR 

S ITE SELECT I ON ' QU l ET' ' LOCAT ION 1 EYEBALL FREE FROM LOOSE  R U B BLE 

LEVEL, WRT ±5° OF BALL 
I NTERACTS W I TH All  GNMENT; 

I ND ICATOR HOR I ZONTAL 1 
LEVEL 

I NSTRUMENT F I NE-LEVELS 
I NTERNALLY 

R OU GH AL I GN ± 20° OF E-W 2 AR ROW**  BEFORE OPEN I NG S H ROU D 

READOUT OF ALI GNMENT 
±5° 0F E-W 1 FU LL ROSE AFTER O PEN I NG SH ROUD 

WRT S HADOW 

EXPE R I MENT * NO LES S  THAN lO FT FROM OTHER S U BSYSTEMS TO M I N I M I ZE P IC KU P  OF 
I NTERRELAT ION STRAY V I BRAT I ONS. 

**ARROW NOM I NALLY PO INTS EAST ALTHOUGH SC I ENT I F IC OUTPUT DEPENDS 
S PEC IAL ONLY ON KNOW ING F I NAL AL IGNMENT. F I NAL READ I NG I S  ACCOMPLI SHED 
REQU I REMENTS W ITH ASS I STANCE OF AZ I MUTH GNOMEN MOUNTED ON TOP OF THERMAL 

SHROU D. 

APR 69 5 178.8. 1 2  



PSE AL I GNMENT MARK I NGS  

P HASE CON F I GURAT I ON 

CYL I NDR I CAL SENSOR ASSY 
INS I DE  THERMAL CASE, 

I N I T I A L  ENCLOSED I N  THERMAL 

F I NAL 

SHROUD W ITH G I R DLE 
OVER SHROU D  

SHROU D  O PENED 
& A S SY LEVELED 

TAS K  

ROU GH AL I GN V I A  
MAR K I NG ON TO P 
OF G I R DLE 
(AR ROW EAST) 

READOUT V IA 
SHADOWS 

WRT COMPA S S  
MARK I NGS O N  TOP 

MAR K I NG 

ALTERNATE LOCAT I ON S  
(DEPEND l N G  O N  SENSOR 
OR ! E NTAT I ON I NS I DE)  

G I R D LE RETA I N I NG P I N 

APR 69 5178.8. 13 



PSE  OP ERATE  MODES 
CAGED: P ROTECTS EQU I P MENT 

PRECEDES OTHER MODES 

CANNOT BE RECAGED A FTER U NCAGE 

NORM ( U NCAGED) :  D I G I TA L  SC I ENCE DATA ( I NC LU D  l NG ONE TEMP 

MEA S  FOR DATA I NTER P RETAT I ON )  

A NA LO G  ENG DATA 

LEVEL: REQU I RED  FOR VAL I D  DATA 

MAY BE REPEATED 

TWO METHOD S  • AUTO- S ERVO LEVELED 
• FORCED -C OMMANDED STEP S F ROM O B SERVED 

D ATA 

NOTE: Z-AX I S  ' tEVEL I NG' ' I S  A D J U STMENT OF LACO STE S PR I N G  

CAL I B: TH REE D I ST I NCT FUNCT I O N S  
• C'AL I  B S P  
• CAL I S  L P  X & Y (HOR I Z) 
• CAL I S  LPZ DEC 67 5178.8. 14 



ORDER OPT I ONAL 

BUT MUST BE 

SET W ITH 

070, 071 ,  & 

072, OFF 

PSE COMMAN D PH I LOSOPHY 
• COMMANDS ARE I NTERRELATED 

• LEVEL I NG MODE I S  AN EXAMPLE 

• ALL THESE C MDs ARE B I - STATE C MDs 

LEVEL ING  MODE 

OCTAL AUTO FO RCED 

C MD C MD COAR SE F I NE FAST I S LOW 

103 LVL MDE A/ F A F 
101 F I LT I N/OUT OUT I N  OUT 

102 LVL SNSR I N/OUT I N  OUT I N  I OUT 

074 LVL D I R  POS/ NEG - - POS/ NEG } AS REQD 

075 LVL SPEED H 1 /LO - - H I  I LO > * I N D IV I D UAL  
070 LVL MTRX ON/O FF X X 

SEND MOTORS MUST BE 

071 LVL MTRY ON/OFF y y LAST BUT CMD OFF AFTER 

ONLY ONE LEVEL I NG AS EACH 

072 LVL MTRZ ON/OFF OR Z OR Z ON AT A T I ME. CONT I NUES TO 

X,  Y TO PRECEDE Z DRAW POWER 

* I N FORCED MODE THE LEVEL MOTOR RUNS TO MECH STOP UNLESS C MD OFF 
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PSE  C OMMANDS 
OCTAL CMD NUMBER CMD 

PSE/XY GA I N  CH 

SWITCHES D I FFERENT ATTEN INTO LPX & LPY CKTs TO CONTROL GA I N. REPEATED CMD 

SUCCESSIVELY STEPS ATTEN THRU VALUES OF O DB. ·10 DB, -20 DB, ·30 DB. CMD 

CONTROLS CAL CURRENT OF LPX & LPY. ATTEN RESET TO ·30 DB UPON PSE ACTIVATION 

PSEIZ GAIN CH 

AFFECTS LPZ CKT S IM I LAR TO 063 ABOVE 

PSE/SP CAL CH 

APPLIES CURRENT THRU SP CAL ATTEN I SELECTED BY CMD 0671 TO SP CAL CO I L .  SP 

CAL I S  ALSO PERFORMED AUTO EVERY 12 HR UNDER T I MER CONTROL I UNLESS INH I B ITED 

BY CMD 0331. BY CMD 0331. RESET TO OFF UPON PSE ACTIVATION. 

066 PSE/LP CAL CH 

APPLIES CURRENT THRU LP CAL ATTEN I SELECTED BY CMD 063 & 0641 TO THE LP DAMP lNG 

C O I LS I 3 AXES I. CMD I S  B I -STATE ON/OFF & I S  SET TO OFF UPON PSE ACTIVATION 

PSE/SP GA I N  CH 

AFFECTS SP CKT S I M I LAR TO 063 ABOVE 

LVL MTRX ON/OFF 

APPLIES POWER TO X-AX I S  DRIVE MOTOR. CMD IS B I - STATE ON/OFF & IS SET TO OFF 

UPON PSE ACTIVATION. MOTOR CONSUMES POWER UNTIL CMD OFF. 

NOTE, ONLY ONE DRIVE MOTOR TO BE ON AT ONE T I ME 

071 LVL MTRY ON/OFF 

AFFECTS Y-AXIS S I M I LAR TO 070 ABOVE 

LVL MTRZ ON10FF 

AFFECTS Z-AXIS S I M I LAR TO 070 ABOVE BUT ADJUSTS LACOSTE SPR ING 

NOTE, DO NOT SEND WHILE EXPER I MENT I S  CAGED - W I LL DESTROY SENSOR. 

UNCAGE ARM/FIRE 

IRREVERSI BLE FUNCTION NECESSARYTO OBTA I N  PSE SCIENTIFIC DATA. FIRST CMD 

ARMS, SECOND CMD FIRES ACTUATOR UNCAGING All SPR ING MASS SYTEMS. SUB

SEQUENT CMDs W I LL ARM AND THEN ATTEMPT FIRE US lNG PWR WITHOUT AFFECTING 

CAGE CONDITION. ARM & F I RE ALSO ACCO,\\PLISHED BY 12 HR T I MER PULSES > BY 
96 HR + 2 M I N  PULSE FROM DELAYED CMD SEQ, THEREFORE ARM IS ACCOMPLISHED BY 

CMD 073 OR 12 HR T I MER PULSE OR 96 HR + 2 M I N  PULSE AND F I RE (WHEN IN THE ARM 

STATEI IS ACCOMPLISHED BY THE NEXT CMD 073 OR 12 HR T I MER PULSE OR 96 HR 

+ 2 MIN PULSE. 

OCT.�l CMD NUMBER CMD 

D74 LVL D IR POS/NEG 

REVERSES D IRECTION OF LEVEL MOTORS LPX, LPY, LPZ IN THE FORCED LEVEL MODE. 

CMD IS B I STATE POS/NEG & IS SET TO POS UPON PSE ACTIVATION. 

075 LVL SPEED HIILO 

CONTROLS SPEED OF LEVEL MOTORS LPX, LPY, LPZ IN THE FORCED LEVEL MODE. 

CMD IS B I STATE HI/LO & IS SET TO LO UPON PSE ACTIVATION. 

PSE T CTL CH 

CONTROLS SENSOR HEATERS BY SELECTING OFF, FORCED·ON, OR AUTO MODES, 4-STATE 

CMD IS SET TO AUTO·ON UPON PSE ACTIVAT ION. SUCCESSIVE CMD STEPS THRU MODES 

IN THI S  SEQUENCL 

AUTO-OFF +29 VDC D I SCONNECTED FROM HEATER 

FORCED-ON +29 VDC CONNECTED TO HEATER, AUTO THERMOSTAT CONTROL 

BYPASSED 

FORCED·OFF +29 VDC D ISCONNECTED FROM HEATER 

AUTO·ON +29 VDC CONNECTED TO HEATER, AUTO THERMOSTAT CONTROL 

ENABLED 

• CMD DOES NOT CONTROL HEATER IN PSE CENTRAL STATION ELECTRON I C S  

• C M D  DOES NOT CONTROL SENSOR HEATERS WHEN PSE I S  IN E X P  1 S T B Y  S E L  I C M D  0371. 

PSE F I LT IN/OUT 

REMOVES FEEDBACK LOOP F I LTERS FROM LPX, LPY, LPZ. CMD IS B I -STATE IN/OUT 

& IS SET TO OUT UPON PSE ACTIVATION. FOR PROPER PSE OPERATION, CMD OUT FOR 

LEVELING AND IN OR OUT FOR CALIS & FOR NORM OPER 

NOTE, DO NOT TRANSMIT TH I S  CMO WHEN ANY LEVEL MOTOR IS ON 

IN MANUAL MODE CMD HAS NO EFFECT. 

DO NOT SEND CMD WHEN IN AUTO MODE. 

LVL SNSR IN/OUT 

ALLOWS COARSE LEVEL SENSORS TO CONTROL LPX & LPY DRIVE MOTORS I N  THE AUTO 

LEVEL MODE. CMD IS B I -STATE IN/OUT & IS SET TO OUT UPON PSE ACTIVATION. 

PSE LVL MOE AIF 

SELECTS LEVELING MODE OF LPX, LPY & LPZ. CMD IS B I -STATE AUTO/FORCED & I S  

SET TO AUTO UPON PSE ACTIVATION. 

NOTE DO NOT TRANSMIT TH I S  CMD WHEN ANY LEVEL MOTOR I S  ON 
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PSE  M EASUREMENTS 
ALSEP ALSEP \ 

MEASUREMENT NAME SYMBOL WOR D  NO' S FRAMES 
PSE/X  DATA DL  -01 9,  25, 41 , 57 EVERY 
PSEIY DATA D L-02 1 1 ,  27 , 43, 59 EVERY 
PSEIZ  DATA DL-03 13, 29, 45 , 61 EVERY 
PSE Tl DAL X DATA D L  -04 35 EVEN 
PSE Tl DAL Y DATA DL-05 37 EVEN SC l ENT I F I C  
P S E  T I DAL Z DATA D L-06 35 ODD  
PSE  INST DEG F DL-07 37 ODD  
PSEI S P  DATA DL-08 EVERY EVEN EVERY 

EXCEPT 2* , 
46, AND 56 

* I N  ALSEP' S 1 AND 2 I I  
PSEIXY GA I N  D B  AL-01 33 23 \ 

PSEIZ GA I N  D B  AL-02 33 38 
LVL D I RIV STA AL-03 33 53 
PSE/ S P  GA I N  D B  AL -04 33 68 
LVL MODE SNSR STA AL-05 33 24 ENG I NEER l NG 
PSE T CTL STA AL-06 33 39 
PSE/ LP/ S P  CAL STA AL-07 33 54 
PSE UNCAGE STATUS A L-08 33 69 

I I  
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ACTIVE SE ISM IC  EXPER IM ENT SUBSYSTEM 

BOX 
ASSEMBLY 

15. 6 X 9. 5 X 4. 0 I N  
( STOWED) 

GRENADE 
LAUNCH 
ASSEMBLY 

14. 5 I N. FOLDED 
, 44. 5 I N. DEPLOYED 1 

v 
I N I T I ATOR 
SELECTOR 
SWI TC H  

e COMPONENTS 
& FUNCT ION 

• DEP LOYMENT 

• COMMANDS & DATA 

GEOPHONE 
DETECTORS ( 3) 

4. 80 I N. HE I GHT ( I NC S P I  KEl 
1 .  66 I N. D I AM 

GEOPHONE FLAG 

CENTRAL ELECTRON I C S  
6. 7 7  X 6. 1 8  X 2. 75 I N. 
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ASE G EN ERAL FEATURES  
• MON ITOR NATU RAL LUNAR 

PURPOSE '< SE I S M I C  ACT IV ITY ' I N  THE RANGE FROM • GENERATE & 3 TO 250 Hz 
MON I TOR ART I F I C I AL 
SE I SM I C  ENERGY 

GENERATE ( SOURCES): � "-- MON ITOR !DETECTORS): 
• EXPLO S I VE DEV ICES • GEOPHONES ( 3) W ITH LOG A 

/ "' COMPRES S ION AMPLI F I ER S  
THUMPER MORTAR 
AS l ' s  (21)  

BY VARY I NG THE MAGN I TU DE 
& LOCAT I ON OF SOU RCES 
W I TH RESPECT TO DETECTOR S  

• OBTA I N PENETRAT ION O F  
WAVES TO ::: 500 FT 

•THU S I NVEST I GATE 
VELOC I TY THROUGH 
SEVERAL LAYER S OF 
SU BSURFACE MATE R IAL  

GRENADES (4) l • RANGE, fT 
500 

1000 
3000 
5000 

• CHARGE PROPORT IONAL 
TO RANGE 

• ACC URATE DETER M I NATI ON OF SHOT 
T I ME AND RANGE I S  FUNDAMENTAL 
FOR ANALYS I S  OF GEOPHONE DATA 

• ACTUATED NEAR MAR KED 
POS IT IONS  ON GEOPHONE 
CABLE 

THUMPER 
GRENADES 

SHOT T I ME 
PRESS U RE SW S I GNAL 
XMTR OFF S I GNAL 

RANGE 
ASTRONAUT LOCAT I ON 
TRAJECTORY CALCU LAT I ONS 
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ASE FUNCT I ONAL D IAGRAM 
ASTRO SW , - - - - - -

+29 � I · - � 
+29 v STBY I I 

SAFETY 
SW ITCHES (2) 

+ 15 v I POWER - I � CONTROL f-.- 1 MORTAR 

J +5 v +5 v I PACKAGE -12 V I I--I OPER : IFA=RM=& �FI>LRE.,.....,"""T""''""'T""''...,--�-1 PO��RN�r I CMDS (61 
DSS MORTAR BOX TEMP I It I 

GLA TEMP II II II GEOPHONE TEMP II l (7) II II I ASE CMDs II GEOPHONE OUTPUT () I I GLA TEMP 
=I GEOPHONES (3) I 

C/E TEMP I I GND MON 
5 ALSEP HK I � I P ITCH DEG 
10. 6 KHz I k--+!IR�O:..!::.!LL�D�EG� __ ___J r THUMPER l 

' _  - - - - - -1 T IMI NG !GRENADE ARM EVENTS 
& DATA 'RANGE L I NE EVENTS HBR ON/OFF I 

1 30 MHz EVENTS � ASE DATA a.---+,�.!.!!..!!::..!::..!.!:.!.!.!..::�--__..J NORMAL ___ ,.....r'-1 
DATA 'T I I 

THUMPER 
ARM 
EVENTS 

r MoouLAToR 1 1 a.---+�-------------' 
TO XMTR __j l _ _ _ _ _ _  _j 

CENTRAL 
ELECTRON ICS 

THUMPER 
F IRE  
EVENTS 
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ASE TH UMPER  FUNCT IO N 

ARM SW ITCH 

-----------1 

THUMPER THUMPER 
ARM F I RE 
EVENTS EVENTS 

� 
TO ASE T I M I NG & DATA 

FUNCT IONS 

F I R E  SW ITCH 

L....--� AS I SEL SW I TCH 

PRES SURE 
SW I TCH 

I 
I 
I t t t 

7777777/ 

SEPT 68 5 178 .9 .4 



ASE THUMPER  F EATURES 

• I N I T I ATOR (AS I )  MOUNT I NG 
PLATE & BASE PLATE 

• ARM/ F I R E & AS I 
SELECTOR SW ITCHES 

• FLAT, 4-CONDUCTOR 
CABLE TO CENTRAL 
ELECTRON ICS 

• 3 GEOPHONES 
W ITH CABLES 

• GEOPHONE FLAG 

INS I DE LOWER END 

ON U PPER END 

ON U P PER 
S PL I T REEL 
ON LOWER 
INTEGRAL 
REEL 

{UNWOUN D  
OUR l NG 
DEPLOYMENT 

• PRES SURE SW ITCH ON AS I MOUNT I NG PLATE DETECTS T I ME OF SE I SM IC EXPLOS ION 
•GEOPHONE FLAG DEPLOYED ON LUNAR SUR FACE AT 150 FT TO A I D  IN GEO PHONE 
• CABLE AL I GNMENT 
• GEOPHONES AND CABLES STOWED ON THUMPER UNT I L  DEPLOYED APR 69 5 178.9 .5 



ASE G EOPHON E  F UNCT ION  

oss{ GEOPHONE TEMP 
TO ASE 
T IM I NG 
& DATA 
FUNCT ION 

...,.11(--------11 GEO 2 � --� 
I 9 

..... 11(------------11 GEO 3 1-- -i 
� 
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ASE G EOPHONE  FEATURES  

• ELECTROMAGNET I C  TRANS D UCERS {VELOC ITY S EN SOR)  
{OUTPUT TO SEPARATE LOG COMPRE S S  ION AMP L I F I E R S )  

• I MP LANTED I N  S U RFACE B Y  S P I KE 

• TEMPERATURE SEN SO R  I N  ONE GEOPHONE 

• 7. 5 C PS NATU RAL FREQUENCY 

• S PR l NG CONSTANT DES I GNED FOR LUNAR G RAV ITY 
FREQU ENCY 
RES PONSE  

-3  d�to 

-6 db 

MEAN OF 10 TO 100 Hz 
RES PONSE  
CHARACTER I ST I C  

·---- 12 db/ OCTAVE 
7. 5 Hz 

� F I LTE R PRE-EMPHAS I S  
COMB I NED GEO PHONE AND AMPL I F IER  F I LTER RES PONSE 

{ BEFORE LOG COMPRES S ION) 

-35 db A BOVE 450 Hz 

LES S  THAN 
-40 db A BOVE 500 Hz 
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ASE MORTAR PACKAG E F UNCT I ON  

F I RE 
FROM ARM CMDs 

POWER _.:::........;'----------, 

RANGE 
L I NE 

A SE f + 15 V CMD ( l )  ........__-1t-(=5 )'--___..... 
CONTROL GLA SEQ F I RE 
FUNCT ION TEMP M ICRO SW ITCHES 

r-�=------� ' /  

oss{ 

DSS 

MORTAR BOX TEMP 
(ELECTRON ICS )  

OR ASE -------' 
ELECT 

TEMP S I GNAL 

THERMAL 
CONTROL HEATER 

L...---�---t TWO - AXJ S 

ARM & F I RE � 
CMDs (6) � 

I NCL INOMETER 
ROLL 
DEG 

P ITCH 
DEG 

TO ASE T I M I NG & DATA FUNCT ION 

L I NE 
EVENT 
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ASE MORTAR PACKAGE  C OMPONENTS 

SUPPORT FRAME & LEGS 

• LAUNCH TUBES 3- IN. SQUARE 
TWO 6- IN. LONG } APPROX 
TWO 4- IN. LONG 

• EACH LAUNCH TUBE PROV I DES FOR 
RANGE L INE BREAKW IRES (2) 

• INCLI NOMETER PROV I DES DATA ON 
DEV IATION OF PACKAGE FROM VERTICAL 
( P ITCH & ROLLI 

SAFETY 
RELEASE 
ASSEMBLY 

APR 69 5 178.9.9 



ASE GRENADE CHARACTER ISTICS  

DESC R I PT ION 
• CAS I NG S I ZE: 

• 2. 7 I N. SQUARE } APPROX 
• 4 TO 6 I N. LONG 

• CAS l NG CONTA I NS: 
• SOLI D FUEL ROCKET MOTOR 
• SAFE S L I DE 
• H I GH EXPLOS IVE CHARGE 
• I GN IT I ON &  DETONAT I ON DEV ICES 
• THERMAL BATTERY 
• 30 MHz XMTR CONNECTED TO 

TRA I L I NG W I RE ANTENNA 
( FUNCT I ONS AS RANGE L I NE) 

• GRENADES D I FFER ONLY I N  AMOUNT 
OF PROPELLANT & H I GH EXPLOS IVE 

FIRE GNO ARM 
ROCKET 

OPERAT I ON 
• G RENADE ARM CMD APPL I ES PU LSE TO ROC KET MOTOR ARM I NG 

C I RCU I T  C HARG I NG CON DENSER I N  MORTAR BOX AND C HARGES 
MATCH CONDENSER I N  GRENADE) 

• GRENADE F I RE CMD D I SCHARGES CON DENSER TH ROUGH AS I 
I GN I T I NG ROC KET MOTOR 

• WHEN GRENADE LEAVES TUBE: 
• S PR lNG EJECTED SAFE S L I DE ENABLES DETONATOR 
• S L I DE EJECT ION ACT IVATES M ICROSW ITC H  I N  GRENADE 
• MICROSW I TC H  D I SCHAR GES CON DENSER AC ROS S MATCH 

ACT IVAT I NG THERMAL BATTERY 
• BATTERY PROV I DES I NTERNAL POWER FOR: 

• 30 MHz XMTR 
• CHARG ING  DETONATOR CONDENSER 

• EVENT MARK FOR: 
• BREAKW I RE ( 10- I N. & 25-FT + 10- I N. TRAVEL) 

• AT I MPACT, AN OMN I D I RECT IONAL I MPACT SW ITCH D I SC HA RGES 
CONDENSER THROUGH DETONATOR SETT I N G  OFF H I GH EXPLOS IVE 

• EXPLOS ION DESTROYS BATTERY AND TRANS M ITTER TERM I NAT I NG 
RF  TRANSMI S S I ON 

e EVENT MAR K  FOR XMTR OFF APR 69 5 178.9. 10 



ASE GRENADE RANG I NG  
CONCEPT 

• BALL I ST IC TRAJECTORY OF GRENADE I S  CALCULATED FROM 
ITS I N IT IAL D I RECT ION & T IME OF FL I GHT: 

• D IRECT ION (45° ANGLE OF MORTAR CORRECTED BY 
I NCL INOMETER ROLL & P ITCH) 

• T IME-OF-FLI GHT FROM LAUNCH ( F IRST RANGE L I NE 
S I GNAU TO IMPACT (XMTR OFFl 

• CONFI DENCE I S  ENHANCED BY KNOW ING I N IT IAL LAUNCH 
VELOC ITY ( BASED ON Tl ME BETWEEN RANGE L INE EVENTS FOR 
10- IN. & 25-FT + 10- IN. TRAVEU 

MECHAN IZAT ION 
• RANGE L I NE: A TH I N  STRANDED CABLE WOUND AROUND THE 

OUTS I DE OF LAUNCH TUBE & CONNECTED AT ONE END TO GRENADE 
(30 MHz TRANSMITT I NG ANTENNA) 

• BREAKW I RES (2): EACH A S INGLE LOOP OF F INE COPPER W I RE 
ARRANGED TO BE SEVERED WHEN RANGE L INE REACHES 10- I N. 
& 25-FT + 10- IN. PO I NTS 

• I NCL INOMETER: MEASURES DEV IATIONS AROUND TWO AXES 
• P ITCH: I NCREASE OR DECREASE IN THE 

45° LAUNCH ANGLE 
• ROLL: ROTAT ION AROUND A HOR IZONTAL AX I S  

PERPEND ICULAR TO THE P I TCH AX I S  
IMPLICAT IONS 

• INCLINOMETER DATA IS AVA ILABLE 
I N  CASE MORTAR PACKAGE SH IFTS 
DUR I NG EACH F I R I NG 

• PACKAGE STAB I LI TY ENHANCED BY 
''BLOWOUl'' REAR CLOSURE & THRUST 
TERMI NATION BEFORE GRENADE 
LEAVES TUBE 

• SEQUENT IAL F I R ING ORDER (2, 4, 3, 1) , 
ALSO USED FOR STANDARD F I R I NG, 
OPT IM IZES PACKAGE STAB I LITY 

• NOTE THAT ARM CMD MUST B E  SENT 
4 T IMES (SEQUENT I AL & STANDARD 
CONDENSERS ARE CHARGED & D I S 
CHARGED S IMULTANEOUSLY); ALSO, 
SEQUENT IAL F I RE ACTUATES ONE 
GRENADE EACH T IME SENT 
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ASE C ENTRAL ELECTRON ICS  F EATURES  

T I M I NG & DATA 

• TEMP SENS lNG 

I NTERNAL TEMPERATU RE MON ITORED IN BAS I C  ALSEP DATA AS 
WELL AS ASE DATA STREAM 

• LOG COMPRESS ION AMP L I F I ER S  

LOW-NO I SE, PROV I DE W I DE DYNAM IC  RANGE 
PRE-EMPHAS I S  TO I NC REASE LOW FREQ GEOPHONE RES PONSE 

• GEOPHONE CAL I BRAT ION 

• DR IVER ( PULSE STRETCHER) CONVERTS COMMAND I NTO 
I -SEC EXC ITATION PULSE A P P L I ED V IA AMPL I FI E R S  

• ELECTR !CALLY DR IVES GEOPHONES FOR MEASUREMENT O F  RESONANT 
FREQUENCY, GENERATOR CONSTANT, & DAMP I NG COEFF IC IENT 

• COMPARE TO P REFL I GHT DATA ( RELAT IVE CAL l BRAT ION) 

• PULSE VOLTAGE SAMPLED I N  ASE DATA 

• ANALOG MULT I PLEXER & ADC 

• ASE COMPRESSED S E I S M I C  DATA CONVERTED TO 5-B IT D IG ITAL 

• ASE ENG & ALSEP H K  (5 KEY PARAMETERS)  CONVERTED TO 8- B IT 
D I G ITAL, & BOTH READ OUT AS 4 B ITS I N  EACH OF TWO ASE WOR DS 

• ADC CAL C I RCU  IT  G I VES 2- PO I NT CHEC K  

• T I M I NG & CONTROL 

• 4, 5, & 32 SEQUENCE COUNTER OPERATES ON 10. 6 KHz 
SQUARE WAVE FROM D S S  

• PROV I DES FOR 5 - B IT  SU BWO R D S ,  4 P E R  ASE WOR D  (20 B I TS)  
& 32 WORDS PER FRAME (640 B ITS) 

• DATA RATE, 10. 6 K B P S  ( ALMOST ENT I RELY ASE DATAl G IVE: 

• RELAT IVELY H I GH-FREQUENCY S E I S M I C  DATA 

• ACCURATE ENCOD I NG & TRANSM I S S I ON OF REAL-T I ME EVENTS 

POWER CONTROL 

• ASE HAS NO DC/ DC CONVERS ION; ALL 
VOLTAGES S U P P L I ED THROUGH D S S  

• CU R RENT L I M ITERS 

L INE, L I M IT, 
VOLTS AMPS 
-- --

+15 0. 15 
+ 5 0. 50 
- 12 0. 15 

• POWER RESET BY SW ITC H  lNG +29 V 
EXPER POWER OPER/STBY/OPER 

APR 69 5 178.9. 1 2  



ASE T IM I NG  AND  DATA FUNCT I ONS  

DSS 

GLA TEMP 

TO MORTAR 
PACKAGE 
� 

ARM & FIRE 

FROM POWER CONTROL 
,.....-,.. 

OPER 
POWER ON S I GNAL 

1 2  SENSORS; NEW NUMBER TBD I 

ALSEP HK PARAMETERS (5) 

10. 6 KHz 
CLOCK 
PULSES 

ASE DATA 

REG I STER & 
FRAME GATE PULSE 

MULT I PLEXER HOLD GATE PULSE 

LOG IC CONTROL GATE PULSE 

���=!2:..!.!�-1 

FROM ASE 
MORTAR 
PACKAGE 
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DSS 

ASE POWER  CONTRO L  F UNCT I ONS  

ASTRO SW ITCH 
(NOT IN ASE) 

+29 V OPER �(" 
+29 V STBY 

,....... 

+15 v 
+ 5 V 
-12 v 

OPER POWER 

RELAY 
DR IVER 

RELAY 
POWER 

POWER 
RELAY 
SW ITCH 

ON S I GNAL TO T IM I NG & 
DATA FUNCT ION 

RESET 

RESET 
S I GNAL · 

CU RRENT 
L IM I TER 

POWER 

+ 15 v 
+ 5 V 
- 12 v 

' 

) 
TO OTHER 
ASE 

FUNCT IONS 

I NTERRU PT 
S I GNAL SEPT 68 5 178.9 . 14 



ASE THERMAL CONTROL  

MECHAN I CAL 
(MORTAR PAC KAGE) 

• 0. 5- I N. MULT I LAYER 
ALUM I N I ZED MYLAR ON 
S I DES & BOTTOM 

• TH I N ALUM I N I ZED MYLAR 
SUNSH IELD OVER TOP 

• GRENADES LAUNCHED 
THROUGH SUNSH I ELD 

• ROC KET BLAST D I S I NTE
GRATES MYLAR I NSULAT I ON 
REDUC lNG RECO I L  EFFECT ON 
BOX STAB I L I TY 

ELECTR I CAL 
• MORTAR PACKAGE 

• ELECTRON IC SENSOR/CONTROL C I RC U I T 
OPERATES SER I ES/ PARALLEL HEATER 
ARRAY TO MA I NTA I N  TEMP ABOVE - 60° C 

• PROPORT IONAL CONTROL, D I S S  I PAT ION 
I S  A FUNCT I ON O F  TEMPERATU RE 

• C I RCU I T ACT IVATED ONLY I N  STBY 
( NOTE: ASE I S  I N  STBY MOST 
OF THE T I ME) 

• CENTRAL ELECTRON ICS I S  
CONTROLLED BY CENTRAL 
STAT ION ENV I RONMENT 

• THUMPER HAS NO HEATER 
SEPT 68 5 178 .9. 15 



ASE POWER  P RO F I L E  

8 
O PERAT I ONAL 

7 7. 15 -�--
MAX I MUM 

6 DE PEN D S  O N  MOD E  O F  O PE R AT I O N  

2 

l 

0 

MAX I MU M  OCC U R S  I N IT I A LLY AT TU R N -O N  
D U R I NG GEO PHONE A M P L I F I ER OVEN W A R M  U P  

2 75 . . . . ·.· . . . . . . . . . 
MAX I Mu

. 
M :·.:·:·::·: ::::::·:·:·.:·:·> . 

._ . . . . . · .. · · · -·-·-· .. . . . 
STBY H EATER 

:·.:.:.:�::/:?:�:�::{ P RO PORT I O NA L  
: ::::·/: .• : :·.·. : ·:. CONTROL : : : : ::- :-::: : : : =· : ·:: :  .. : : : :� �·. ·: :::.� 

M I N  I MUM : ::::::·:·:·:�·:::::.::·:: 
0 20 :;:5�:·.::�=.::.=.:=:::::::: . .. . .. . . · . . .. . ·. · . 
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ASE SAFETY F EATURES  

THUMPER 
< ROTARY ARMING SW ITCH, SPR I NG LOADED TO SAFE POS IT ION, 

ACTUATED �4 SEC TO CHARGE CONDENSER ITHEN PUSH TO F I REl 
• AS I  SELECTOR SW ITCH HAS 22 POS IT IONS UNC OFF) AND 
SHORTS ALL AS I '  S EXCEPT THE SELECTED ONE 

CENTRAL 
ELECTRON ICS 

GRENADES 

•CENTRAL STAT ION ASTRONAUT SWITCH !TWO-POS IT ION) 
OPENS AND CLOSES +29 V OPER POWER L INE BETWEEN 
PDU & ASE 

• IN SER IES WITH CMD-ACTIVATED RELAY OF PDU 

• IN OPEN POS IT ION, PRECLUDES ACC I DENTAL APPL ICAT ION 
OF OPER POWER TO ASE 

• SUPPORTED W ITH IN LAUNCH TUBES, LOCKED IN PLACE BY SAFETY 
ROD ASSY FOR FLIGHT & DEPLOYMENT ( REMOVED BY ASTRONAUT) 

•ARMING & F I R ING C I RCU ITS OF ALL 4 ROCKET MOTORS 
SHORTED BY 2 SAFETY SWITCHES ON MORTAR BOX 
(ACTIVATED BY ASTRONAUT) 

• SAFE SL IDE BETWEEN DETONATING CARTR I DGE & H IGH 
EXPLOS IVE IN EACH GRENADE, SPR ING-EJECTED AT LAUNCH 

• THERMAL BATIERY INACTIVE I& SHORTED) UNT I L PLATE 
EJECTION TR I PS A M ICROSW ITCH 

•THERMAL BATIERY MATCH I S  ACTIVATED BY A CONDENSER 
WH ICH IS CHARGED V IA GRENADE ARM CMD 

•THERMAL BATIERY OPERATES THROUGH Ia)  15-SEC T IME 
DELAY & (b) IMPACT SW ITCH TO SUPPLY POWER TO THE 
GRENADE DETONATOR. IF IMPACT COMES BEFORE 15 SEC OR 
AFTER :.s lO M IN, THERE IS NO BATTERY POWER FOR DETONATOR 
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ASE D EP LOYMENT S EQU EN C E  

l.  VER I FY THAT CENTRAL STAT ION }-- TENTAT I VE 
ASTRONAUT SW ITCH I S  I N  O PEN POS I T I O N  

2. REMOVE THUMPER & PLACE I N  TEMPORARY LOCAT ION 
3. R EMOVE MORTAR BOX & PLACE 10  FT FROM CENTRAL STAT ION 

IN  O P POS ITE D I RECT ION TO THAT SELECTED FOR GEOPHONES 
4. A L I GN TO F I RE AWAY FROM GEOPHONES & ERECT ASE RECE I V I NG 

ANTENNA ( I NC FLAG) 
5. ERECT CENTRAL STAT ION SUNSH I ELD & ANTENNA 
6. PLACE CENTRAL STAT ION ASTRONAUT SW I TCH I N  CLOSED POS I T I O N} 
7. AFTER ALSEP COMMU N I CAT I ONS HAVE BEEN ESTA B L I S HED & SW I TCHED 

TO ASE H B R, UNFOLD THUMPER & WALK OUT I N  SELECTED D I RECT I ON 
PLAC lNG  GEOPHONES AT 10, 160, & 310 FT FROM CENTRAL STAT I ON & I N  
L I NE + 3° U S I NG FLAG ON MORTAR BOX ( P LU S  FLAG PLACED AT 160-FT 
GEOPHONE LOCAT I ON ) AS REFERENCE 

8. RETU RN ALONG GEOPHONE CA BLE ACTUAT I NG THUMPER AT 15-FT 
I NTERVALS AS I ND I CATED BY CABLE MAR K I NGS 

9. PLACE CENTRAL STAT I O N  ASTRONAUT SW I TCH I N  O PEN POS I T  I ON}-----__, 
10. REMOVE GRENADE RETA I N I NG ROD A S S Y  FROM MORTAR BOX 
ll.  ACTUATE MORTAR BOX SAFETY SW I TCHES (2) REMOV I NG SHORTS 

FROM GRENADE ARM/ F I RE C I RCU I TS 
12. PLACE CENTRAL STAT I O N  ASTRONAUT SW ITCH I N  C LOSED POS IT  ION SEPT 68 5 178.9 . 18 



ASE EMPLACEMENT D I AGRAM 
GEOPHONES AL I GNED ± 3° , 
M I N I MUM 200 FT FROM LM 
MAX I MUM 300 FT FROM LM 

......... ........ 
' RTG/CENTRAL STAT I ON 

200-FT 
RAD I US 

300-FT 
RAD I U S  

LM I ? AR B I TRARY 
D I R ECT I ON FROM 
LM TO CENTRAL 
STAT ION 

'-..
'

AL I GNED E-W 

\ 
\ 

.....,.....� GEO l 

N 

w+E 
s 

9----FL.AG ON ANTENNA 

, �  
I G RENADtS F I RE 

O PPOS I TE TO I GEOPHONES ± 3° 

I 

MORTA R 
PAC KAGE 
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PARAMETER 

S ITE SELECT ION 

D I STANCE FROM 
<.:> 

S U B PACKAGE 1 :.:::: 
a.. 
a::: D I RECT ION FROM <( 1-

S U B PAC KAGE 1 a::: 
0 � 

LEVEL 

AL IGN 

D I STANCE FROM 
S U B PAC KAGE 1 

(/) LLJ 
z: 
0 D I RECT ION FROM ::r: 
a.. S U B PACKAGE 1 0 LLJ 
<.:> 

LEVEL GEOPHONE 

AL IGN CABLE 

S PEC IAL 
REQU I REMENTS 

EXPER I MENT 
I NTERRELAT ION 

ASE EMPLACEMENT CR ITERIA 
REQU I REMENT P R IOR ITY I ND ICATOR COMMENTS 

LEVEL ( U P RANGE & 1 EYEBALL SELECT ION MU ST CONS I DER BOTH 
DOWNRANGE) GRENADE I M PACT & GEOPHONE AREAS 

l0 + 1 FT  2 PACED OFF AT LEAST lO FT FROM RTG 
( l l  FT CABLE) 

130 + 8° FROM LM 
* 

2 EYEBALL 122° FOR 300 FT PLS S CONSTRA I NT 
138° FOR 200 FT LM SEPA RAT ION 

+ 10° OF HOR IZONTAL 1 EYEBALL I NTERNAL LEVEL SENSORS 

+ 3° FROM ASSUMED 1 EYEBALL F I RES AWAY FROM LM & GEOPHONES 
GEOPHONES DEPLOY-
MENT L I NE 

12 + 2 FT TO 1ST 1 314 FT CABLE GEOPHONES SET LATERALLY FROM 
150 + l. 5 FT 1ST TO 2ND CABLE ON 3-FT P I GTA I LS 
300 + 3 FT 1ST TO 3RD 

50 + 8° FROM LM 
" 

2 EYEBALL O P POS ITE MORTAR PACKAGE 

_:!: 7° 0F HOR IZONTAL 2 EYEBALL GEOPHONE RES PONSE REQU I REMENT 

+ 3° FROM STRA I GHT 1 FLAGS
** 

VAR I AT ION OF 2ND GEOPHONE 
FROM L I NE BETWEEN 1ST & 3RD 

* 0 
30 FROM N-S L I NE OF S U BPACKAGE 1 TO AVO I D  F IELD OF V IEW OF CENTRAL STAT ION 
RAD I ATOR. 

**2 FLAGS: MORTAR BOX AND 2ND GEOPHONE (USED FOR ALIGNMENT) 
ANTENNA MOUNTED ON MORTAR BOX (OMN I - D I RECT IONAL). 

:*GEOPHONES AT LEAST 10 FT FROM RTG AND S U BPAC KAGE 1 
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ASE MOD ES O F  OP ERATION  

THUMPER MODE: APPROX 7 M I N ( PLUS SET U P) WH I LE ASTRONAUT I S  ON 
SURFACE. U SES SMALL SE I SM IC SOURCES RELAT IVELY 

CLOSE TO GEOPHONES. 
L I STEN ING ( PAS S IVE) MODE: 15 M I NUTES , ONCE PER WEEK ( AVERAGE) . 

DETECTS TECTON IC D I STUR BANCES OR METEORO I D  
IMPACTS TO EVALUATE SYSTEM STATU S , PART ICU LARLY 
LUNAR SURFACE NO I SE LEVEL (WH ICH MAY BE A FUNCT ION 
OF AMB I ENT TEMPERATURE) , AND ASS 1 ST I N  SELECT I NG 
OPT I MUM T I ME FOR MORTAR MODE. 

MORTAR OR GRENADE MODE: APPROX 1 H R NEAR END OF ALSEP M I S S I ON. 
USES RELAT IVELY LARGE SE I SM I C  SOU RCES AT 

RANGES U P  TO 5000 FT. 
NOTE: ALL MODES REQU I RE 85-FT MSFN ANTENNA BUT, W I TH THE 

EXCEPT I ON OF THE THUMPER MODE , CAN BE SCHEDULED FOR ·  
MOST CONVEN I ENT GROUND OPERAT IONS. 
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ASE COMMANDS  

OCTAL COMMAND NUMBERS 
003 ASE HBR ON 

TH I S  CMD D I SCONNECTS THE ALSEP DATA PROCESSOR FROM THE MODULA
TOR & CONNECTS THE MODULATOR TO THE ASE PROCESSOR WH ICH SUPPLIES 
HBR DATA (10. 6 KBPSl. 
TH I S  CMD TAKES EFFECT ATTHE SCHEDULED END OF THE 64-WORD ALSEP FRAME 
DUR ING WH ICH THE CMD IS RECEIVED. 
THE DOWNLINK DATA IS MEAN INGLESS IF TH I S  CMD IS EXECUTED W ITH NO 
ASE ON BOARD OR IF ASE IS NOT OPERATING. 

005 ASE HBR OFF 
TH I S  CMD D I SCONNECTS THE ASE PROCESSOR FROM THE MODULATOR & 
CONNECTS TO THE ALSEP DATA PROCESSOR WH ICH SUPPLIES NBR 
(l. 06 KBPS) OR LBR (0. 53 KBPS) DEPEND lNG ON THE LATEST PREV IOUS 
BIT RATE CMD. 
TH I S  CMD TAKES EFFECT AT THE SCHEDULED END OF THE 64-WORD ALSEP FRAME 
DUR ING WH ICH THE CMD IS RECEIVED (ALSEP PROCESSOR OPERATES CON
TINUOUSLY!. 
CENTRAL STATION ACTIVATION OR POWER RESET IN ITIALIZES ASE HBR OFF. 

156 GEO CAL GO 
TH IS CMD IN IT IATES A 1-SEC CALI BRATION PULSE WH ICH ELECTRICALLY 
EXCITES THE GEOPHONES. THE PULSE VOLTAGE ALSO APPEARS IN THE ASE 
DATA. 

162 ASE SEQ Fl RE 
EACH TRANSM ISS ION OF TH I S  CMD F I RES A S  INGLE ROCKET MOTOR ( I F  
ARMED) IN THE 2 ,  4 ,  3 ,  1 F IR ING ORDER. A GRENADES ARM CMD MUST 
PRECEDE EACH F IRE CMD. THE SEQUENCE IS CONTROLLED BY M ICRO
SWITCHES IN THE LAUNCH TUBES; HENCE, PREV IOUS GRENADE MUST 
LAUNCH BEFORE NEXT MOTOR WILL FI RE. 

163 GRENADE 1 F IRE 
TH I S  CMD FIRES THE ROCKET MOTOR OF GRENADE 1, IF ARMED. TH I S  
CMD (L IKE 164, 165 & 166) FOR A SPEC IF IC GRENADE PROV IDES AN ALTER
NATIVE TQ CMD 162 FOR F I R ING THE GRENADES. 

164 GRENADE 2 Fl RE 
TH I S  CMD FI RES THE ROCKET MOTOR OF GRENADE 2, 
IF ARMED. SEE CMD 163. 

165 GRENADE 3 F I RE 
THI S  CMD F IRES THE ROCKET MOTOR OF GRENADE 3, 
IF ARMED. SEE CMD 163. 

166 GRENADE 4 FIRE 
THI S  CMD FIRES THE ROCKET MOTOR OF GRENADE 4, 
IF ARMED. SEE CMD 163. 

170 GRENADES ARM 
TH I S  CMD ARMS THE F IR ING C I RCU IT APPLICABLE TO 
ANY OF THE 4 ROCKET MOTORS BY CHARG ING A PAIR 
OF CONDENSERS, ONE FOR SEQUENTIAL FI R I NG & THE 
OTHER FOR SPEC I F IC GRENADE F IR ING. SUBSEQUENT 
ACTIVATION OF A F I R ING CMD D I SCHARGES BOTH 
CONDENSERS, ONE THROUGH A ROCKET MOTOR 
IGNITION AS I & THE OTHER THROUGH A GROUND ING 
C I RCU IT. IF NO F IR ING CMD I S  TRANSMITTED, THE 
CONDENSERS WILL REMA IN CHARGED INDEFIN ITELY; 
HOWEVER, THEY MAY BE RESET TO SAFE (D I SCHARGED) 
BY SWITCH lNG THE ASE OFF (STBY) FOR A FEW 
SECONDS. 
TH I S  CMD ALSO CHARGES THE THERMAL BATTERY 
MATCH C IRCU ITS OF ALL 4 GRENADES (UNUSED 
C I RCI)ITS D I SCHARGED BY F I RE CMDl 
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ASE DATA FORMAT 
t-------- 1 ASE FRAME = 32 ASE WORDS = 0. 060377 SEC-----� 
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RTE 
SOURCES 

RTE 
READOUT 

- ASE  R EAL T IME  EVENT DATA 

• THUMPER F I RE: I N I T I ATED BY PRESSURE SW ITCH 
ON AS I MOUNT I NG PLATE 

• GRENADE LAUNCH: F I RST BREAKW I RE I N D I CATES 10- I N. TRAVEL 
• VELOC I TY: SECOND BREAKW I R E I N D I CATES 25-FT + 10- I N. TRAVEL 
• IMPACT: XMTR OFF 
• MAR K EVENT (ASE WORD 29): NON-ZERO PATIERN (00100) I N D ICATES 

THAT AN RTE HAS OCCUR RED DUR I N G  THE P RECED I NG 32-WORD 
FRAME 

• WORD COUNT (ASE WOR D  30): I ND I CATES DUR l NG WH I CH WORD O F 
P RECED l N G FRAME THE RTE OCCU RRED 
(5 WOR D  COUNT B I TS = 32 DEC I MAL POS S I B I L IT I ES ) 

• EVENT B IT COUNT (ASE WOR D  31) : I ND I CATES D UR I NG WH I CH 
B IT I N  THAT WOR D  THE RTE OCCURRED 
(ONE OF 20 B ITS , G IVES NEAREST 0. 1 M SEC) 
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ASE MOD E  I D  
S PEC IAL B IT PATTERNS FOR EACH OF THE FOLLOW I NG: 

• THUMPER ARM: P IC KOFF ON ARM/ F I RE 
SW ITCH ACT IVATES I D  REG I STER WH ICH 
MA I NTA I NS TH I S  PATTERN UNT I L 4  SEC AFTER 
THUMPER F I RES ; REG I STER THEN CLEARS TO ZERO 

• GRENADE ARM/ F I RE: GRENADE ARM CMD ACT IVATES 
I D  REG I STER WH ICH MA I NTA I NS TH I S  PATTERN 
UNT I L CHANGED BY RECE I PT OF GRENADE F I RE CMD 
GRENADE F I RE PATTERN I S  MA I NTA I NED UNT I L 
CHANGED BY RECE I PT OF NEXT ARM CMD 
PATTERN MAY BE RESET TO ZERO ( REG I STER CLEARED ) 
BY SW ITCH I NG ASE OFF ( STBY) & ON (OPER) 

• GEOPHONE CAL: GEO CAL GO CMD ACT IVATES I D  REG I STER 
FOR THE I -SEC DURAT ION O F  THE CAL l BRAT ION PULSE ; 
REG I STER THEN CLEARS TO ZERO 
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ASE DATA OUTPUT 
K 
ARAMETERS)  

ALSEP H 
(5 KEY P 
READ OU 
ASE FOR 

4 ASE TEMP s  
READ OUT I N  
THE I N D ICATED 
ANALOG C HANNELS 
OF ALSEP : 
WOR D  33 1--- - - 
(ALSEP 4) : 

I 
I 
I r - --
1 
I 
I 
I 
I 1 NOTE: 

T I N 
MAT 

-

NALOG 

5$ * 

29 * *  

1 ALSEP A : C HANNEL 

1 ONCE PE 
S SAMPLED 

R 54 SEC : ALSEP SE 
t--- - -
L _ _  _ 

QUENCE 

44 
73 

SYMBOL 

DS-17 
DS-02 
DS-03 

DS-01 

AR-04 
AE-05 
DS-05 
DS-06 
DS-07 
AS-03 
DS-08 
DS-ll  
DS-10 
AS-01 
AE-03 
AE-04 
AR-Ol 
DS-18 
DS-19 
DS-20 
DS-13 

AS-02 
AS-04 

NAME 

ASE FRAME SYNC 
GEOPHONE 2 DATA 
GEOPHONE 3 DATA 

GEOPHONE 1 DATA 

C LD FRAME 1 DEG F 
PCU 1 SHUNT AMPS 
ASE GND MON VOLTS 
ASE ROLL DEG 
ASE P ITCH DEG 
ASE GLA DEG C 
ADE CAL S I G  VOLTS 
ASE ADC 3. 75 VOLTS 
ASE ADC l. 25 VOLTS 
ASE C/E DEG C 

PCU I N  VOLTS 
PCU I N  AMPS 
HOT FRAME 1 DEG F 
ASE MAR K EVENT 
ASE WOR D  C NT 
ASE EVENT B IT CNT 
ASE MODE I D  

MORTAR BOX DEG C 
GEOPHONE DEG C 

ASE FORMAT LOCAT ION 
WOR D  SU BWORD 

1 1 & 2 
ALL 3 
ALL 4 { 2-

2
32 

1 
2 

3, 4 1 
5 , 6  1 
7 , 8  1 
9 , 10 1 

ll ,  12 1 
13, 14 1 
15, 16 1 
17, 18 1 
19, 20 1 
21, 22 1 
23, 24 1 
25, 26 1 
27, 28 1 

29 1 
30 1 
31 1 
32 1 

* SW ITCHED BY ASE O PER POWER-ON S I GNAL 
SYMBOL TBD * *  TWO SENSORS, NEW 
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ASE OAT A ENCOD ING  

ASE WOR D  1 
1 2 SUBWORD 

00001 11011 D S-17 I NFO 

ASE WORD 30, SU BWORD 1 

B I T D S -20 I NFO B IT D S -20 I NFO 
0 00001 10 10001 
1 01100 11 11 100 
2 01110 12 11110 
3 0111 1 13 11111 
4 01011 14 11011 
5 01001 15 11001 
6 10100 16 00100 
7 10110 17 001 10 
8 101 11 18 00111 
9 1001 1 19 00011 
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40 I N. 

l 

LUNAR SURFACE  MAGNETOMETER 

EXPER IMENT SUBSYSTEM 
• COMPONENTS & FUNCT I ON 
• COMMANDS & DATA 
• DEPLOYMENT 

SURFACE • EAST 

DEPLOYED 

19. 4 LB W/0 CABLE FOLDED 
APR 69 5178. 10. 1 



LSM FEATURES & P ERFORMANCE  

REQU I REMENT 

MEASURE MAGNETIC 
FIELD VECTOR 

CAPAB i liTY FOR MEASURING 
BOTH DC & SLOW VAR lATIONS 
OF FIELD 

ACCOMODATE UNCERTAINTY 
IN FIELD MAGNITUDE 

OBTA I N  H I GH OVERALL 
ACCURACY 

MINIMIZE AMBIGU ITY 

CORRESPONDING FEATURE 

3 MAGNETIC SENSORS Ali GNED ALONG 
ORTHOGONAL AXES IX, Y, & Zl 

D IG I TAL FILTER lNG OF SENSOR OUTPUT 

RANGE SELECT ION & PERCENTAGE OFFSET BY CMD 
HIGH OVERALL RESOLUTION 

H I GH-GAIN SENSOR OUTPUT I ALIASING ERROR PROTECTION 
!O-BIT  ADC & S C I ENCE TM PRECISE MECHANICAL AliGNMENT 
! INC POLARITY S I GNI END-TO-END CAL BY CMD 

MEASURE LOCAL FIELD GRAD lENT IS 1TE SURVEY MCDEl 
USE LOW INSTRUMENT BIAS 
SENSORS Fll  P 180' BY CMD OR T I MER 

• PROV IDES BASIC DATA ON MAGNITUDE & TEMPORAL VARIATIONS OF THE 
LUNAR SURFACE EQUATORIAL MAGNETIC FIELD VECTOR 

• DATA TAKEN IN SOLAR & ANTI-SOLAR D IRECTION PROV I DES INFORMATION 
ON HOW INTERPLANETARY MAGNETI C  FIELD D I FFUSES THROUGH MCON 
!ELECTROMAGNETIC PROPERTIES OF DEEP INTERIOR! 

• AID IN RECONSTRUCTING GEOLOGICAL EVOLUTION OF MOON 

• DETERMINE FEATURES OF MAGNETIC TAIL OF THE EARTH 

RANGE :_ 100 Y, :!:. 200 Y, :!:. 400 YISELECTED BY CMDI 

PERCENTAGE OFFSET 7 VALUES I SELECTED BY CMDI FOR EACH RANGE; 
0, + 25%, + 50%, + 75%, - 75%, - 50%, - 25% OF NOMINAL 
FULL SCALE WITH AN ACCURACY OF 0. 5% FULL SCALE 

FREQ. RESPONSE � I. 5 CPS 
RESOLUTION :_ 1 LSB 10. 2% FULL SCALE! 

CROSS-COUPLING LESS THAN :_ 1 LSB 

MCNOTONIC ITY MONOTONIC OVER FULl RANGE; SATURATED OUTPUT 
VERIFIED TO 1000 y & AT EARTH'S FIELD I �  35, 000'¥1 

DC OFFSETS LESS THAN + 1% FULL SCALE OVER OPER TEMP RANGE 

SIMULTANEITY ALL 3 SENSORS SAMPLED WITHIN 5881' SEC 

PER IODICITY LESS THAN 1001' SEC 
ITIME J ITIERI 

CAli BRATION IBY CMD OR TIMER! USES SAME C I RCUIT AS ZERO 
OFFSET & 14 STEPS IN SEQUENCE 10, +75'/i, +50%, +25'/i, 0, -25'/i, -50%,-75'/i. 

& REPEAT! 
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LSM MODES O F  O P ERAT ION  

• SC l ENT I F I G MODE: NORMAL OPERAT I NG MODE OF MAGNET I C 
F I ELD SENS l NG 

• S I TE SURVEY MODE: PERFORMED ONCE ( BY CMD) DUR I NG EARLY O PERAT I ONS. 
ALL THREE SENSORS AL I GNED , I N  SEQUENCE, TO THE X, Y, & Z AXES. 
PUR POSE OF S I TE SURVEY I S  TO I DENT I FY & LOCATE ANY MAGNET I C  
I NFLUENCES PERMANENTLY I NHERENT I N  THE DEPLOYMENT S ITE. THUS , 
THE I R  EFFECTS ( LOCAL F I ELD GRAD I ENT) CAN BE CONS I DERED IN THE I NTER
PRETAT ION OF NORMAL SC I ENT I F I C  DATA 

• CAL l BRAT ION MODE: PER FORMED BY CMD OR AUTOMAT I CALLY (AT 12-HR 
I NTERVALS ) V IA ALSEP T IMER. PUR POSE OF CAL I BRAT ION I S  TO D ETERM I NE 
ABSOLUTE ACCURACY OF THE MAGNET I C  SENSORS & CORRECT ANY DR 1FT 
FROM THE I R  LABORATORY CAL I BRAT I ON ( DU E POSS I BLY TO RES I DUAL 
MAGNET I C  PERMS ON THE SENSORS ) 

JAN 68 5178. 10.3 



LSM FUNCT IONAL  D IAGRAM 
-�r-P-OW-ER--. ---:;-V-+;-V-+��:1-5-V -� 

-�, -----------��
SENSOR • . ,CONVERTER - ' - ' - ' - S

EN
SOR f.---X •ELECTRONICS 

MAGNETI C  II COMMON f--- y I <) 8 CMDs ¥ CAL, T IM ING & , ELECTRON ICS f-- 1, FLUX 
----, 

DSS SEQUENC ING I t .-----------H:=:::::-:-:� 
l .  06 KBPS � SENSOR ' I SENSOR X 

I I ' ' 
_ _, I I I 

I CLOCK PULSES Tl I CMD j - CHANNEL X ! ·1 ASSEMBLY 
M NG "'-10-SEC r+ ELECTRONicsHf-+--+--l-1+---------__j 

FRAME MARK & I I : 
PROGRAM 

�PULSES j SENSOR Y 1 

DATA DEMAND �+--+-! SENSOR _: 
CONTROL -----, I � l ASSEMBLY - : SENSOR z 

111���������� ���====��
�"t��CH�ANNEL Y ���-+�-------�==j-� 

�-+,_jELECTRON ICS ! r----------�A_S2,lf11BLY 

j i SENSOR 
' 

SENSOR _ _ _  j ��' 
/1� RANGE I � CHANNEL z I z FL I P  & G IMBAL. , ' 

MEMORY CAL & I : ELECTRON ICS I HTR z POS IT ION I 
& SW ITCH r- OFFSET j ..___ - -- - t-- - - - - - _J 'L DETECTORS 1 

H---:A---:;;��
D
�
R
�
IV
�
ER�S

�
� r SEQUENCE 1---lf----11-+-...1 

r ______ _, - --- ---,, --------+----:J 
<@> <®> FL I P  W r GENERATOR i ! <@> l / 

SEQUENCE r-----J ,
- ] '1 �

:

�EVEL .-JT'-EMI-P..I..TM.J......L,�x �� �
,---

+
------ -------., 

<f24> <G5> GENERATOR h L.. OFFSET f-J - . 
1 �V��V��;;l��+-1 MEMORY , 1 SENSOR & HTR .... y --1 I 
r I DATA L _ _1 coNTRoL _ 1• 1• , , MoToR 

x 1 .. � S ITE _, - & TRANSFER . T 

r-r 
____;__ HANDLING � y .....- I .._ _ _:!__,_.jSURVEY LOG IC -- : -. _ _.:<.,. -- --r-- -n I r :Lt_ I I  MOTOR y l_f--: 

'---+---H SEQUENCE I I I ANALOG j i ENG I I --f MOTOR z I t 
----

GENE
_
RATO� ______ j I MULT IPLEXER , , ! r---I SEQUENCER I ! MICROSW ITCHI 

'I t ' I I I 
flO-B IT ADCl ' MOTOR I I E ! I LOG IC & f- I 

L._ _____ + ______ l_I .J..+-<..s,@>�D IG ITAL ! 1• DR IVERS 1 I I FI LTER i ' I I 
�r-:===JD�A�M�D�EM]A�N�

D
ill
&
i
F
�
RA
]M�EaM�

AR
�
K
t===========i

i
����jQ��j

i ' , 1 
{ D IG I TAL SC I ENCE & ENG DATA ' OUTPUT BUFFER I! L_ - - - - --· __ __j L ELECTRO-MECHANICAL I 

DSS _j ENG I NEER I NG - - - - - -- - - - - --� 
L---- - - - - ELECTRON ICS SEPT 68 5178. 10.4 



LSM ELECTRO -M ECHAN I CAL 
• ANGLE DEF I N I T IONS: 

FL I P  MOT ION ROTATES SENSOR S 
+180° IN  THE SE PLANES ( F I R ST +90

° 

OF ROTAT ION SHOWN) & -180° RETU RNS 
SENSOR TO OR I G I NAL SETI I NG. 
AFTER G I MBAL MOT ION, FL I P  
MOT ION I S  I N  D I FFERENT PLANE 

G I MBAL MOT ION ROTATES 
SENSORS  +90° IN  THESE 
D I RECT IONS (ONCE FOR 
EACH SENSOR 

SENSOR 

X CD 
y (2) 
z Q) 

• STRUCTU RAL 

S U P PORT 

• SENSOR ARMS 
( BOOMS)  

• O R  I ENTAT ION 
MECHAN I SMS 

• MOTO R S ,  STOPS  

SENSOR D I RECT ION FOR 
O-+ 90°� + 180° FL I P  

P RE- G I MBAL POST- G I M BAL  

+ X-+ Y - - X + X- + Z+-- X 
+ Y-+ x -- v + v - +  z- - Y 

+ z .._ +  x .._ - z + z...._ + v- - z 
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LSM EG FU  AND S ENSOR ARM  

SENSOR ARM 
(Z-AX I S ) 

ELECTRON I C S 
MOUNTED ON 
ALUM I NUM 
BASE PLATE 

M I D DLE H I NGE 
( FOR STOW I NG) 

G I MBAL BEAR I NG 
SENSOR HEAD 

THERMAL BLANKET 
S U P PORT SLEEVE 

THERMAL CONTROL 
SURFACE 
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LSM OR I ENTAT ION  M E CHAN ISM 

FL I P  CABLES 
(CAPT IVE-ENDED 
TOP & BOTTOM) 

TORS ION SPR lNG 
( PRODUCES G IMBAL MOT ION) SPL IT HOUS I NG 

LOWER HALF OF BEAR I NG 
FASTENED TO TUBE 

90° STOP CABLE 

( FOR METALL IC D I SCONT INU ITY) 
SENSOR 
(90° POS IT ION) 

SENSOR 
(0° POS IT ION) 

90 ° STOP PAWL 

DR IVER , PR IMARY ARM -

(TORS ION SPR I NG LOAD I NG 
NORMALLY HOLDS STOP 
OPEN) 

GEAR TRA IN & CLUTCH 
AC MOTOR , \ SECONDARY 

TOGGLE ARM 
OUTPUT SHAFT W ITH 
DR IVE PULLEY (2: 1  STEP UP  RAT IO) 

G IMBAL RELEASE ACTUATOR 
FOLLOWER ASSEMBLY FOR 

\ POS IT IVE ENGAGEMENT OF 90° STOP: 
90° STOP CAM OVERR IDE FEATURE ( LEAF SPR l NG) 
ALLOWS S ITE SURVEY 
AFTER EXACTLY 
4 FL I P/GALS 
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LSM MOTORS , STOPS , AN D P I STONS  

MOTORS :  FL I P P I NG O F  SENSO R S  I S  POWERED BY I N D I V I D UA L  400 - ,  2 4> AC MOTOR S 
( PHASE REVERSAL CAU S ES MOTOR MOT I ON REVER SAL) 

FL I P  MOT I O N  STO P S :  THREE STO P S  I N  EACH SENSOR ' S  S U P PORT YO KE 
• F I XED STO P S  AT 0° & 180° ( FL I P & SU RVEY )  ) FO R ACC U RATE CONTRO L 
• RETRACTA B LE STOP AT 90° ( SU RVEY ONLY)  OF  S EN SOR POS I T  I O N  

RETRACTA BLE STOP: 
• CONTR OLLED BY CAM & FOLLOWER A S S EM B LY 
• S PR l NG LOADED I N  RETRACTED POS IT  I O N  (O PEN) 
• POWER FOR STO P I NS ERT I O N  (CLOSED )  FROM FL I P  MOTOR V lA C AM' FOLLOWER 
• U S E D  ONC E ( O U R  l N G  S ITE S U RVEY ) & THEN PERMANENTLY RETRACTED 

G I M BAL MOT I ON: ROTAT I O N  O F  S EN SOR S U P PO RT YO KE A BO UT S U P PORT ARM AX I S  
• CONTRO LLED BY GEAR TRA I N  F ROM FL I P  MOTOR 
• POWER ED BY PRESET TO RS I ON S PR l NG I N  S EN SOR ARM 
• PER FOR ME D  ONCE ( SENSOR YO KE R OTATES 90 ° )  D U R I NG S I TE S U RVEY 
• FL I P  MOT I ON,  0° TO 180° & BAC K, CAN BE PER FORMED I N  E I THER 

SETT I NG ( PRE-G I M BA L  O R  POST- G I M BA L) 
SEPT 68 5178. 10.8 



LSM F LUX  M EASUREMENT 

• FLUX GATE MAGNET I C  SENSOR S,  I N  CONJUNCT ION W ITH SENSOR ELECTRON ICS ,  
PROV I DE ANALOG S I GNAL OUTPUTS PROPORT IONAL TO THE I NTENS  tTY  OF 
I NC I DENT MAGNET I C  F I ELD COMPONENTS PARALLEL TO THE SENSOR S 

• CONVERS ION SENS IT I V ITY: 20p. VOLTS PER Y AT 10 Hz 

• SENSOR ELECTRON ICS :  

• PROV I DES FUN DAMENTAL POWER ( W I TH 
NEGL I G I BLE SECOND HARMON IC )  TO 
EXC ITE THE FLUXGATE SENSOR S 

• ACCEPTS SENSOR OUTPUT S I GNALS, 
SELECT I NG & AMPL I FY I NG  ONLY 
THE SECOND HARMON IC COMPONENT 

• DEMODULATES TH I S  TO PROV I DE 
ANALOG OUTPUTS ( FREQUENCY 
RES PONSE: DC TO 50 Hz) 

• PROV I DES FEE D BACK CUR RENT TO THE 
SENSORS  FROM THE ANALOG OUTPUTS 

• GENERATES FUNDAMENTAL & SECON D 
HARMON IC  REFERENCE SQUARE WAVES 
(5. 9625 & 1 1. 925 KHz) DER IVED FROM 
1. 06 KHz ALSEP CLOC K PU LSES 

JAN 68 5178. 10.9 



LSM SENSOR  E LE CTRON I C S  
SENSOR COMMON ELECTRON ICS  

r--- - - - - - - - - - - - - - - - - - - - - - -

'1 FL I P-FLOP MODULE SENSOR DR I VE MOD ULE i 
T I M I NG { I 

& 23. 850 Hz 1 I N PUT 
DELAY 

OUTPUT BANDPASS SENSOR 1 PROGRAM FL I P-FLOP FL I P-FLOP F I LTER DR I VER I I 
CONTROL L __ __ _ _ _j 

....___...._. 

} TO OTHER 
SENSORS 

CHANNEL FEED BACK 

{ 

� 
CAL & OFFSET 
STEP GENERATOR 
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LSM CAL , T IM IN G ,  AN D SEQU ENC I N G  

• RANGE COMMAND 
• RANGE MEMORY & SW ITCH DR I VERS 

• OFFSET COMMANDS 
• OFFSET MEMORY & TRANS FE R LOG I C 

•T IM I N G & PROGRAM CONTROL 
• FL I P/CAL COMMAND S  
• FL I P/ CAL SEQUENCE 

• CAL & OFFSET GENERATOR 
• S ITE S URVEY COMMAND 
• S ITE SURVEY SEQUENCE 

• POWER CONVERTER 
• POWER PROF I LE 

JAN 68 5178.10. 1 1  



LSM RANG E  C OMMAND  AN D F U N CT I ON  

OCTAL CMD NUMBER 
123 LSM RANGE STEPS 

TH I S  IS A 3-STATE CMD THAT DETERM I NES THE FU LL- SCALE RANGE OF THE 
THREE SENSORS (X, Y & Z). LSM ACT IVAT ION PRESETS THE RANGE TO � 400Y . 
REPEATED TRANSM I S S ION OF TH I S  CMD STEPS THE RANGE TH ROUGH 
SEQUENT IAL VALUES (� 400Y , � lOOY ,  � 200 Y ,  � 400Y , ETC. ) THE SE-
LECTED RANGE I S  COMMON TO ALL 3 SENSORS. 

FUNCT ION 
RANGE MEMORY & SW ITCH DR IVERS 

• MEMORY REG I STER , ADVANCED BY CMD 123, PROV I DES FOR SELECT I ON OF 
APPROPR lATE SW ITCH DR IVERS 

• SW ITCH DR IVER S ACT IVATE SW ITCHES IN CAL & OFFSET GENERATOR 
TO CONTROL SENSOR RANGE ( BY MOD I FY I NG GA I N I N  FEED BACK) 

• REG I STER SETI I NG ALSO APPEARS I N  LSM DATA JAN 68 5178. 10. 12 



LSM OF FSET COMMAND & MEMORY 
OCTAL CMD NUMBER 

124 LSM FLO 0/S CH 

TH I S  I S  A 7-STATE CMD CONTROLLING F I ELD OFFSET PERCENTAGE I NDEPENDENTLY 
FOR EACH OF THE THREE SENSORS (X, Y & Zl. LSM ACTIVATION PRESETS THE 
OFFSET TO 0%. REPEATED TRANSM I S S ION OF TH I S  CMD ADVANCES THE OFF-
SET THROUGH SEQUENTIAL VALUES ( + 25%.,+ 50%,1+ 75%,J-75%,i-50%,,-25%;0%, ETC. l 
PRECENTAGES ARE REFERENCED TO THE CURRENT FULL-SCALE RANGE AS SE-
LECTED BY CMD 123 ( EXAMPLE: W ITH RANGE SET AT :!:_ 100 Y BY CMD 123 & 
OFFSET AT + 25%, FOR A PART ICULAR SENSOR, THE RESULT I NG RANGE FOR 
THAT SENSOR WOULD BE FROM - 75 Y TO + 125 Yl. 

125 LSM 0/S ADD C H  

TH I S  I S  A 4-STATE CMD USED TO ADDRESS THE THREE SENSORS (X, Y & Z) 
FOR OFFSETTI NG. LSM ACTIVAT ION PRESETS THE ADDRESS TO NEUTRAL 
(NO SENSOR I S  ADDRESSED). REPEATED TRANSMI SS ION OF TH I S  CMD 
ADVANCES THE ADDRESS SEQUENT IALLY THROUGH X, Y, Z, NEUTRAL, ETC. 
(EXAMPLE: W ITH ADDRESS SET BY CMD 125 to Y SENSOR, THE NEXT TRANS
M I S S  ION OF CMD 124 ADVANCES THE Y-SENSOR OFFSET ONE STEP W ITHOUT 
AFFECT I NG THE X & Z SENSORS 

• OFFSET MEMORY & TRANSFER LOG IC STORES, IN RESPONSE TO CMDs 
124 & 125, ONE OF THE 7 OFFSET ( B IAS) LEVELS FOR EACH OF THE 
3 SENSOR CHANNELS (X, Y & Zl 

• STORED IN B I NARY FORM I N  A FL I P-FLOP MEMORY WHOSE OUTPUT STATES 
DR IVE THE APPROPR IATE OFFSET SW ITCHES IN THE CAL & OFFSET 
GENERATOR 

• MEMORY SETTING ALSO APPEARS IN LSM DATA 

• TRANSFER LOG IC RECE IVES SENSOR POS IT ION DATA ( FL I P & G IMBAL) & DER IVES 
APPROPR IATE SW ITC H  I NPUTS <OFFSET LEVEL & POLAR ITY). EXAMPLE: DUR I NG 
FLI P/CAL WHEN SENSOR ROTATES 180° , OFFSET POLAR ITY I S  REVERSED 
S IM I LARLY, D U R ING X S ITE S U RVEY WHEN Y & Z  SENSOR S FL I P 90

° 
( PARALLEL 

TO X AX I S) THEY ARE G IVEN THE X-AX I S  OFFSET 

0 
-



LSM T IM ING AND PROGRAM CONTRO L  

• GENERATES ALL T IM I NG & SYNCH RON IZAT I ON S I GNALS NECES SARY 
TO SYNC RON I ZE THE DATA PROCES S l NG & S EQUENC l NG 

• CONTA I NS I NTERNAL (COUNT- DOWN) C LOCK WH I CH GENERATES T I M I NG 
S I GNALS FOR FL I P/CAL & S ITE SU RVEY SEQUENCES ( �10-S EC I NTERVALS ) 

NOTE: LSM T I M I NG & F I LTER I NG MATCHED TO ALSEP NORMAL B IT RATE ( 1 . 06 KBPS ) 
& W I LL NOT PRODUCE VAL I D  DATA AT SLOW RATE (0. 53 K BP S) 

JAN 68 5178. 10. 14 



LSM FL IP /CAL 

OCTAL CMD NUMBER 

127 FL I P/CAL I NH I  B 

TH I S  I S  A 2-STATE CMD ( IN/OUT) USED TO I NH I B IT THE FLI P/CAL 
SEQUENCE OF THE LSM. LSM ACTIVAT ION PRESETS THE LOGIC 
SO THAT FLI P/CAL I S  I NH I B ITED. REPEATED TRANSMI S S ION OF 
THI S  CMD STEPS THE SYSTEM BACK & FORTH BElWEEN I NH I B IT  I N  
& OUT. S INCE THE I NH I B I TED STATE ALSO PREVENTS FLI P/CAL V IA 
THE ALSEP T I MER IEVERY 12  HRS), THI S  CMD MUST BE  CONS I DERED 
CR ITICAL IPOSS I B I L ITY OF ALSEP LOS ING UPLINK CAPAB I LITY)  

131 FLI P/CAL GO 

TH I S  I S  A I-STATE CMD TO I N ITIATE A FL I P/CAL SEQUENCE, UNLESS 
I NH I B ITED AS A RESULT OF CMD 127. ALSEP T I MER ALSO IN ITI ATES 
FL I P/CAL SEQUENCE EVERY 12 HRS IUNLESS FLI P/CAL I S  I NH I B ITED 
OR TIMER IS I NH I B I TED). UPON COMPLET ION OF FLI P/CAL, LSM RE
TURNS TO NORMAL I SC IENTIF IC) MODE & SEQUENCER SHUTS OFF. 
NOTE: THERE MUST BE EXACTLY 4 FLI P/CAL SEQUENCES BEFORE S ITE 
SURVEY. 

FLIP SEQUENCE GENE RATOR 

1. TR I GGERS CAL I B RAT ION PORT ION OF CAL & OFFSET GENERATOR TO A PPLY 
SER IES OF CAL STEPS I RASTER) S IMULTANEOUSLY TO All 3 SENSORS I ""  160 SEC) 

2. APPLIES POWER TO X MOTOR CAUS l NG X SENSOR FL I P ("" 10 SEC) 

3. AFTER 10 SEC POWER TO X MOTOR IS S W I TC HED OFF & Y MOTOR ON 

4. REPEAT STEPS Z & 3 FOR Y MOTOR, SW I TC H I NG TO Z U PON COMPLET ION 

5. REPEAT STEP Z FOR Z MOTOR 

6. CAL RASTER I N IT I ATED AND APPLIED S IMULTANEOU S LY TO All 3 SENSORS ('"' 160 SEC) 

7. S I GNAL (CAL COMPLETE) TURNS OFF POWER TO FL I P  SEQUENCE GENERATOR 

NOTES: A. OFFSET MEMORY & TRANSFER LOG IC REVERSES POLA R ITY OF EACH OFF-
SET WHEN ACTIVATED BY CHANGE IN FL I P  POS IT I ON DETECTOR S  IOFFSET 

ALSO APPEARS IN LSM DATAl 
B .  S PEC IAL  FL I P  MOT IONS I N IT IATED ON DEMAND FROM S ITE SURVEY 

SEQUENCE GENERATOR 

SEPT 68 5 1 78. 10 . 1 5  



LSM CAL AND O F FSET FUNCT ION 

• RANGE SELECTION, CHANGES SENSOR FEEDBACK GA IN 

• % OFFSET ( B IASI, [ INSERTED IN FEEDBACK LOOP OF 

• CALI BRATION (RASTER), SENSOR ELECTRON ICS 

• FEEDBACK C IRCUIT PROVIDES, 

• ACCURATE SUMMATION OF OFFSET, CALIBRATION, & 
FEED BACK IDEMOD + INTEG! VOLTAGES AT ALL 

COMB I NATIONS OF S I GNALS 

• LI NEAR DR IVE OF FLUXGATE SENSOR FEEDBACK 

W I N D I NG OVER W I DE DYNAMIC RANGE 

FROM OFFSET 

GENERATOR 

CONVERTER 

• OFFSET GENERATOR, SWITCH DR IVERS lONE SET FOR 

EACH SENSOR CHANNELl CONTROLLED BY OFFSET MEMORY & 
TRANSFER LOG IC; ACT IVATE LADDER NETWORKS 17 STATES I 

• CALl BRAT ION SEQUENCE GENERATOR, 

• GENERATES TWO IDENTICAL SEQUENCES ! BEFORE & AFTER FL I P I  

• EACH SEQUENCE HAS14STEPS OF � 1 0  SEC/STEP ( � 10-SEC CLOCK PULSES 

FROM T I M I NG & PROGRAM CONTROLI 

• EACH STEP ACT IVATES SWITCH DR IVER FOR SW ITCHES IN CALI BRATION 

!LADDER! NETWORK OF CAL & O FFSET STEP GENERATOR 

• UPON COMPLET ION OF SECOND SEQUENCE !AFTER FLI PI CLOCK I NPUT I S  

INH I B ITED & S I GNALICAL COMPLETE! I S  SENT T O  FL I P  

SEQUENCE GENERATOR 

SUMM ING 

NETWORK 

-- ----, 
! I 

SENSOR 

FEEDBACK 

C O I L  ,....,......_.. 

• SAME LADDER NETWORK USED FOR CALIBRATION SEPT 68 5178.10.16 



LSM S ITE SURVEY [ G EN ERAL )  

OCTAL CMD NUMBER 

133 S ITE SURVEY XYZ 
TH I S  I S  A I-STATE CMD TRANSMITTED THREE T IMES, IN SUCCESS ION, TO 
ACTIVATE THE S ITE SURVEY SEQUENCE GENERATOR. THE F IRST TRANSM I SS ION 
IN IT IATES THE SURVEY IN THE X-AX I S  D I RECTION. UPON COMPLE TION OF 
THE X-AX I S  SEQUENCE, THE LSM RETURNS TO THE SC I ENT IF IC (NORMAL) MODE 
OF OPERAT ION. THE SECOND AND TH IRD TRANSMISS IONS OF TH I S  CMD 
IN IT IATE SURVEYS IN THE Y-AX I S  & Z-AX I S  D IRECT IONS, RESPECTIVELY, & 
AFTER EACH SURVEY THE LSM RETURNS TO THE SC IENTIFIC (NORMAU MODE OF 
OPERATION. THE COMPLETE S ITE SURVEY SEQUENCE I S  PERFORMED ONLY 
ONCE. IT MUST BE PRECEDED BY EXACTLY 4 FLI P/CAL SEQUENCES. 

• TO ACCOMPLI S H S ITE SURVEY, ALL THREE SENSORS ARE AL IGNED PARALLEL 
TO THE X-AX I S  D I RECT ION, Y-AX I S  D I RECT ION, & Z-AX I S  D I RECTION 
( 3  SUBSEQUENCES) 

• USES COMB INATI ONS OF PARTIAL (90° l FL I P  MOT ION & G IMBAL MOT ION 
• CONTROLLED BY S ITE SURVEY SEQUENCE GENERATOR WHICH USES T IM ING 

PULSES FROM T IM ING & PROGRAM CONTROL 
• OPERATES THROUGH FL I P  SEQUENCE GENERATOR TO ACT IVATE FLI P  MOTORS 

(MOTORS ALSO ACTUATE G IMBAL MOT ION) 
• 90° FLI P  IS PROGRAMMED THROUGH CAMS & CAM FOLLOWERS 
• POS IT ION DETECTORS (THROUGH OFFSET MEMORY & TRANSFER LOG IC ) APPLY 

APPROPR l ATE OFFSETS TO EACH SENSOR 
• POS IT ION DETECTORS ALSO HAVE OUTPUTS IN LSM DATA 
• DETENT SYSTEM PERMANENTLY D I SENGAGES CAM TOGGLING MECHAN ISM 

SO THAT 90° FL I P  CAN NOT OCCUR AFTER COMPLET I ON OF S ITE SURVEY 
• CONTROLS S ITE SURVEY (3 SUBSEQUENCES) IN RESPONSE TO 3 SUCCESS IVE 
GROUND CMDs 

• CONS I STS OF A B INARY COUNTER WH ICH STEPS ONE STEP AT THE COMPLET ION 
OF EACH OPERATION 

• COUNTER OUTPUTS ARE GATED; COINC I DENCE S I GNALS ACTIVATE THE FOLLOWI NG: 
• FL I P  MOTOR POWER SW ITCH I NG ( 3  MOTORS, EACH FWD & REVERSE) 
• CALI BRATION SEQUENCE INT IAT ION 
• SEQUENCE INH I B IT 

OCT 68 5 1 78 . 1 0 . 17 



LSM X -AX IS  SURVEY 

FL I PI CAL 
SEQUENCE 

( c. 
D. 
E. 
F. 
G. 

I N IT I AL POS IT ION 
& FI RST ROTAT IONS 

A. SENSORS IN IT I ALLY IN SC IENT I F I C  
O R  I ENTATION (OUTWARD ALONG 
AXES) AS SHOWN AT LEFT 

B. TRANSMIT F I R ST S ITE S U RVEY 
CMD 

FLI P/CAL CYCLE CALI BRATES ALL SENSOR S, THEN FL I PS IN  
SEQUENCE ( +  1800) 
X-AX I S  SENSOR IN X-Y PLANE (X-Y- -Xl 
Y-AX I S  SENSOR IN  X-Y PLANE ( Y-X--Yl } o 

Z-AX I S  SENSOR IN Z-X PLANE (Z-X--Zl 
SET 90 STOP 

ALL SENSORS ARE CALI BRATED AGA I N  IN THE NEW POS ITION 

NEXT ROTAT IONS 
& SURVEY POS ITION 

H.  X-AX I S  SENSOR FLI PS - 180° ( -X-Y-Xl 
I .  Y-AX I S  SENSOR FLIPS -90°, ENGAGING STOP ( -Y-Xl 

J. Z -AX I S  SENSOR FL IPS  -90°, EN GAG lNG STOP ( -Z-Xl 
K. SENSORS ARE ALL OR I ENTED IN X- D I RECTION 

( FOR X-AX I S  S ITE SURVEY) AS SHOWN AT R I GHT 

F I NA L  ROTAT IONS 
L & END POS IT IONS 

L. AFTER COLLECT I NG X-AX I S  SURVEY 
DATA FOR z150 SEC, X-AX I S  SENSOR 
FL I P S  -180° ( X-Y--Xl 

M. Y-AX I S  SENSOR FL I P S  +90° , RELEA S I NG STOP D<--Yl 
N. Z-AX I S  SENSOR FL I P S  +90°, RELEAS l NG STOP D<--Zl 
0. SENSORS ARE NOW I N  SC I ENT I F I C  O R I ENTAT ION ( REVERSED) AS S HOWN AT 

LEFT AND W I LL REMA IN THERE U NT I L  NEXT GROUND CMD I S  TRANSMITIED 

TH I S  COMPLETES S U B SEQUENCE 1 OF S ITE S U RVEY 

SEPT 68 5 178 . 1 0 . 1 8  



{ c. 

FLI PI CAL D. 
SEQUENCE E. 

F. 
G. 

LSM Y -AX IS  SURV EY 

X 

IN ITIAL POS IT  ION & 
F I RST ROTAT IONS 

A. S ENSORS I N I T IALLY IN SC IENT I F I C  
OR !ENTAT ION ( INWARD ALONG 
AXES) AS SHOWN AT LEFT 

B. TRANSMIT SECOND S ITE S URVEY 
CMD 

FL I P/CAL CYCLE CALI BRATES ALL S ENSORS, THEN FL I PS I N  
SEQUENCE H80

°
) 

X-AX I S  SENSOR IN X-Y PLANE ( -X-Y-X) 
Y-AX I S  SENSOR (-Y-X/Z-Y) I NC 90

° 
G I MBAL ROTAT ION 

Z-AX I S  SENSOR ( -Z-XIY-Zl I NC 90
° 

G I MBAL ROTAT ION 

ALL SENSORS ARE CALI BRATED AGA IN I N  THE NEW POS ITION 

NEXT ROTAT IONS & SURVEY POS I T ION 

t;
J, M 

H. X-AX I S  SENSOR FL I PS +1B!f> (X-Y--X) & SETS 90° STOP 
I .  Y-AX I S  SENSOR FL I P S  +180° lY-Z--Y) 
J. Z-AXI S  SENSOR FL I PS +1S00 (Z-Y--Z) & SETS 900 STOP 
K. X-AX I S  SENSOR FLI PS -900, ENGAG I NG STOP (-X-Y) 
L Y-AXI S  SENSOR FL I PS -180° (-Y-Z-Y) 
M. Z-AX I S  SENSOR FL I PS -90°, ENGAG ING STOP (-Z-Y) 
N. SENSORS ARE ALL O R I ENTED IN Y - D I RECTION ( FOR Y-AX I S  S ITE SURVEY) 

AS SHOWN AT R I GHT 

F I NAL ROTAT IONS 
& END POS IT ION 

0. AFTER COLLECT I NG Y-A X I S  S ITE SURVEY DATA FOR �150 SEC, X-AX I S  
SENSOR FL I P S  +900, RELEAS l N G  STOP ( Y--X) 

P. Y-AX I S  SENSOR FL I PS +1S00 (Y-Z--Y) 
Q. Z-AX I S  SENSOR FLI P S  +90°, PERMANENTLY RELEAS ING STOP (Y--Z) 
R. SENSORS ARE NOW IN SC IENT I F I C  OR ! ENTAT ION ( R EVERSED) AS SHOWN AT 

LEFT & W I LL REMA I N  THERE UNT I L  NEXT GROUND CMD IS TRANSM ITTED 

TH I S  COMPLETES S U B SEQUENCE 2 OF S ITE S URVEY 

JAN 68 5 1 78. 1 0 . 1 9  



LSM Z -AX I S  S URVEY 

FL I P/CAL 

SEQUENCE { C. 

D. 
E. 
F. 
G. 

X 

IN IT IAL POS ITION 
& F I RST ROTAT IONS 

A. SENSORS I N I T IALLY IN SC IENT I F I C  
O R  !ENTAT ION I INWARD ALONG 
AXES! AS SHOWN AT LEFT 

B. TRANSM I T TH I R D S ITE SURVEY CMD 

FLI P/CAL CYCLE CALI BRATES ALL SENSORS, THEN FL I PS I N  
SEQUENCE 1-180°) 
X-AX I S  SENSOR (-X-Y/Z-X) I NC 90° G I MBAL ROTAT ION 
Y-AX I S  SENSOR IN Y-Z PLANE I -Y-Z-Yl 
Z-AX I S  SENSOR I N  Y-Z PLANE (-Z-Y-Zl 
ALL SENSORS ARE CALI BRATED AGA I N  IN THE NEW POS IT ION 

NEXT ROTAT IONS & SURVEY POS IT I ON 

J, M 

H. X-AX I S  SENSOR FL I PS +1800 (X-Z-Zl & SETS 900 STOP 
I. Y-AX I S  SENSOR FL I PS +1800 (Y-Z--Yl & SETS 900 STOP 
J. Z-AX I S  SENSOR FL I PS +1800 IZ-Y--Zl 
K. X-AX I S  SENSOR FL I P S  -90o, ENGAG ING STOP (-X-Zl 
L. Y-AX I S  SENSOR FL I PS -90°, ENGAG ING STOP (-Y-Zl 
M. Z-AX I S  SENSOR FL I PS -1800 ( -Z-Y-Zl 
N. SENSORS ARE ALL OR I ENTED IN Z- D I RECTION I FOR Z-AX I S  S 1TE SURVEY) 

AS SHOWN AT R I GHT 

F INAL ROTAT IONS & END POS ITIONS 

0. AFTER COLLECTING Z-AX I S  SURVEY DATA 
FOR =150 SEC, X-AXI S  SENSOR FLI PS 
-�. PERMANENTLY RELEAS ING STOP 
(Z-X) 

P. Y-AX I S  SENSOR FLI PS -�. PERMA
NENTLY RELEAS I NG STOP (Z- -Y) 

Q. Z-AX I S  SENSOR FL I PS -l&fl (Z-Y-Zl 

S. 
T. 

R. FLI P/CAL CYCLE CALI BRATES ALL SEN
SORS, THEN FLI PS IN SEQUENCE 1-l&fl) 
X-AX I S  SENSOR I N  X-Z PLANE 1 -X-Z-Xl 
Y-AX I S  SENSOR I N  Y-Z PLANE (-Z-Y-Zl 

U. Z-AX I S  SENSOR IN Y-Z PLANE ( -Z-Y-Zl 
V. F I NAL C AL I B RAT ION OF ALL SENSORS IN NEW POS IT ION 

e SENSORS ARE I N  SC lENT IF IC OR ! ENTAT I ON A S  SHOWN AT LEFT 
& W I LL NOT PERFORM ANY MORE 90° FL I PS OR G I MBAL ROTAT IONS 
(FLI P/CAL BY CMD O R  T I MER) 

e ALL POWER TO S ITE S U RVEY SEQUENCER IS CUT OFF (COMPLET ION 
OF S U B SEQUENCE 3 & S ITE S U RVEY) 

SEPT 68 5 178. 10 .20 



LSM FA IL -SAFE P ROV IS I ONS  

e I F  FL I P  MECHAN I SM OR I ND ICATOR MALFUNCT IONS , 10-SEC T IMER 
TURNS OFF MOTOR AND ADVANCES SEQUENCE TO NEXT STEP ( PART IAL 
FA I LU RE, AT WORST) 

e DETENT SYSTEM D I SENGAGES 90° STOP CAM AND G IMBAL RELEASE 
AT END OF S ITE SU RVEY ( NOT USED THEREAFTER) 

APR 69  5178. 10 .2 1  



LSM POWER  C ONVERTER 

• CONVERTS ALSEP +29V INPUT TO 8 REGU LATED OUTPUTS (± 5V, ± 7V, ± lOV , ± l5V) 

e PROV I DE SW ITCH I NG TO REMOVE POWER FROM VAR IOUS PORT IONS O F  LSM 
ELECTRON IC S WHEN THEY ARE ON I NACT IVE STAND BY 

• A POWER F I LTER MODULE I S  I NC LU DED I N  THE SENSOR COMMON ELECTRON I C S 
FOR CERTA I N PREC I S  I ON REQU I REMENTS 

JAN 68 5 1 78. 10 .22 



13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LSM POWER PRO F I LE 

HEATERS ON 
10. 85W 

HEATERS OFF 
5. 8W 

HEATERS ON 
12. 25 w 

MOTORS ON I 
9. 8 W I 

HEATERS OFF I 
7. 2 W I 

I 
I I I 
I 
I 
I 

HEATERS ON 
11. 95 w 

HEATERS 
OFF 6. 9 W 

9. 8 w I 
I 
I 
I 
I I 
I I I 

O � SC IENT I F IC ., I •  S ITE SU RVEY .,. 1 ._ FL I P/CAL� 
MODE MODE MODE 1 
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LSM ENG IN EER ING  E LECTRON I C S  

• TEMPERATU RE CONTROL CMD & FUNCT ION 
• MOTOR DR IVERS 
• FL I P  & G I MBAL POS IT I ON DETECTORS 
• LEVEL SENSOR 
• ENG SEQUENCER 

SEPT 68 5 1 78. 10 .24 



• SENSORS HOUSED IN FI BERGLAS 
STRUCTURAL JACKET 

• WRAPPED WITH INSULATION 
EXCEPT UPPER IHOR IZONTALI 
SURFACE 

• UPPER SURFACE IS HEAT 
RADIATOR 

• J TEMP SENSORS IX, Y, & Zl 
FOR T M : X OR Y SELECTED 
IBY CMDI FOR HEATER 
CONTROL 

• INDIVIDUAL l-WATI HEATERS 

OPERATING RANGE: -Jif'C TO +6S°C 

LSM TEMPERATURE  CONTROL 

• 2-SECTION PACKAGE ITOP & BOTTOM! 
WITH ALUMINUM BASE PLATE IN 
MIDDLE 

• ELECTRO-MECHANICAL ON TOP & 
ELECTRONICS ON BOTTOM MOUNTED 
ON PLATE !CONDUCTIVE THERMAL 
TRANSFER! 

• PLATE COUPLED TO PRA 

ITHERMAL RAD lA TORSI 
ON 2 S I DES OF EGFU IN&Sl 

• TOP OF EGFU HAS FIBERGLAS COVER 
• ALUMINIZED KAPTON INSULATION 

OVER All SURFACES EXCEPT 
RAD lA TORS 

• 2 TEMP SENSORS IN TM 
• 2. J-WATT HEATER 

NO STBY !SURVIVAL! POWER CONNECTION 

OCTAL CMD NUMBER 

134 LSM T CTL XYO 

THIS IS A J-STATE COMMAND IX, Y, OFFI WHICH IS USED TO SELECT ONE 
OF TWO TEMP SENSORS FOR HEATER CONTROL OR TO DEACTIVATE THE HEATER 
POWER. All4 HEATERS ARE CONTROLLED IN PARALLEL BY EtTHER OF TWO 
TEMP SENSORS lONE IN THE SENSOR X ASSEMBLY & ONE IN THE SENSOR Y 
ASSEMBLY!. LSM ACTIVATION PRESETS TO THE X STATE. REPEATED 
TRANSMISSION OF THIS CMD ADVANCES THE STATE SEQUENTIALLY THROUGH Y, 
OFF, X, ETC. IN THE OFF STATE, ALL POWER TO All 4 HEATERS IS REMOVED. 

TO LSM 
ANALOG 
MULTIPLEXER 

TO LSM ENG 
SEQUENCER 

SEPT 68 5 1 78. 10 .25 



LSM MOTOR LOG I C  AN D D R IVE RS  

PWR ON RESET MOTOR f 
LSM POWER 

I NACT IVATE HTR MOTOR REVE RSE - ����1Q.Q.t£j 
CONVERTER -�+2�9y_V 

__ --1---f--f--+---r-;;�;-,_ ______ h 
29V RETU RN MOTO R 

r·-· 
• 

I 
• I 

LSM FL I P  { FL I P  X • 

SEQUENCE -'F...;;;;.L.:...:..I p-'y'--+-----t 
GENERATOR 

--'F-=-L.:...:..I P-=z�. 
----t SELECT 

I LOG IC 
• I 

t::::=:!'> DC 
POWER 

• 
ELECTRO-

L !A!£��1_C..61. _ _, 

JAN 68 5 178. 10 .26 



LSM FL IP  POS IT ION D ETECTORS  
+5V (SW ITCHED) 

LSM POWER{ +5V REF (SW ITCHED) 
CONVERTER -6V ( SW ITCHED) { 100 KHz SQUARE WAVE (5V P-P)  
LSM T I M I NG 

oo 
CAP 

EXC ITSA I ON 

180° 

CAP 

NOTE: e 3 FL I P  POS IT  ION DETECTORS 
(00, 900, 180°) SHOWN FOR ONE 
LSM SENSOR ( EXAMPLE: X,  IN TA BLE) 

e S IMI LAR FOR LSM SENSORS 
Y & Z (TOTAL 9 DETECTORS) 

FL I P  POS I T I ON 
DETECTOR 

ELECTRON I C S  

F L I P POS IT I ON 
DETECTOR 

ELECTRON I C S  

FL I P  POS IT I ON 
DETECTOR 

ELECTRON ICS  

TABLE OF OUTPUTS 
POS I T I ON MS B LS B 

X = 0° 0 1 
X = 90° 1 0 
X =  180° 1 1 
NE ITHER 0 0 

SEPT 68 5 178. 10.27 



LSM G IM BAL  POS IT ION  I N D IC ATORS 

{ +5V ( SW ITC HED! 

Y-AX I S  
SENSOR 
G I MBAL ..___�--t-----, 
SWITC H  

Z-AX I S  
SENSOR 
G IMBAL ..___---+-__, 
SW ITC H  

M I C ROSW ITC H  . S ITE 

B I -LEVEL STATUS DATA }LSM ENG 
SEQUENCER 

TR I PPED BY 
SU RVEY 

CAM ON Z 
ASSEMBLY AT 

D I SABLE ..___---+-......, 

FOR S ITE SURVEY LSM POWER 
POWER CUT -OFF } 

t:>--��..=....:.;.:....=..::::.:..:...:...::...:.___ CONVERTER 

COMPLET ION O F  
SW ITC H  

S ITE SURVEY 
SEPT 68 5 178. 1 0.28 



LSM LEVEL SENSOR { +15V ( SW ITCHED) 
lSM POWER -6V ( SW ITCHED) 
CONVERTER -7V REF (CONTI NUOU S) r·-------. 

100 KHz SQUARE i ! 
WAVE (5V P-P) II AX I S  1 I 

EXC ITAT I ON 
lSM { , ......... .,._..,..H 
T I M I NG RETURN I L----+--w--1 I 

no ' 

ANALOG I 
• 

GROUND) L+.......,._..,_-+---' 

i CAPAC IT IVE P IC KU P  I 
I ElECTRON IC  lEVEl I 

L �Y.!.!YL��12!3..J 

lEVEl 
SENSOR 
ElECTRON I CS ANALOG 

... 1---- __ _. OUTPUTS 
,..lE...,.V...,E-l ----. �0 TO l. 250V 

SENSOR FUll SCALE) 

ElECTRON ICS 
2 

• MOUNTED ON TOP O F  BASE PlATE I N  EGFU 
• RANGE:± 15° FROM HOR IZONTAl 

} lSM ANALOG 
MULT I PlEXER 

SEPT 68 5 178. 10 .29 



RANGE & 0 
( SENSOR C 

LSM ENG  S EQU EN C ER 
LSM FL I P  & G I M BAL ( 9 L I NES :> 
POS IT ION DETECTORS\ 

LSM TEMP & { 2 LI NES > 
HTR CONTROL 

FFSET SW I TCHES { 11 L I NES 
> 

OMMON ELECTRON I C S )  

LSM FL I P  SEQUENCE { 
GENERATOR 

2 LI NES > 
LSM OFFSET MEMORY { 2 Ll NES 

& TRANSFER LOG IC 
> 

LSM D I G I TA L  F I LTER{ 1 L I NE 

B I -LEVEL 
STATU S 
DATA ENG DATA 

MULT I PLEXER 

t 
FORMATTER 

B I - LEVEL STATUS DATA 
( BLOC KS OF TWO) 

-
DM-30 
LSM 

FRAME 
C NTR 

- B I - LEVEL 
; 

LSM DATA 
OUTPUT BUFFER 

ALSEP FRAME MArR K  + 1 6  � DECODE 
� CHANNEL 

1----------
} LSM ANALOG 

COUNTER t- MATR I X  
DECODE 

ENG DATA MULT I PLEXER 
LSM { GATES 

GATE DR I VER 
Tl M I NG 

'--..;.....;...;;..;..___. 

ADC 
10. 925 KHz L + 8 I-- DECODE t-

SEQUENCE 
COUNTER MATR I X  

CONTROLLER 

S I GNALS SEQUENCE 

S I GNALS } LSM ADC 

JAH 68 5 178 . 10.30 



LSM DATA HAND LING  

SCI ENT IF IC 

• OUTPUTS OF 3 SENSOR ELECTRON ICS CHANNELS ( PREF I LTERED) ARE SAMPLED, 
BY SAMPLE & HOLD C I RCU IT, W I TH I N  l25 1£SEC OF EACH OTHER AT THE D I G ITAL 
F I LTER SAMPL I NG RATE 

• MULT I PLEXED SEQUENTI ALLY I NTO THE 10- B IT ADC 
• CONVERTED INTO 10- B IT B I NARY ( POLAR ITY & 9- B IT MAGNITUDE) & STORED IN 

D I G ITAL F I LTER MEMORY 
• D I G ITAL F I LTER (COMPUTER): 

• REDUCES ITO ACCEPTA BLE LEVEU • F I LTER MAY BE BYPASSED BY 
ALIAS I NG ERROR INTRODUCED GROUND CMD 132 ( I N CASE OF 
BY SAMP L I NG RATE F I LTER FA I LU RE) 

• USES STATE VAR IA BLES ( F I LTERED • W ITHOUT D I G ITAL F I LTER, 
OUTPUT OF EACH CHANNEL AT A ALIAS lNG ERROR I S  I NCREASED 
REAL-TIME INSTANT! TO PERFORM 
F l  LTER COMPUTAT IONS 

• STORED IN  CORE MEMORY WHEN 
NOT IN USE  

• 3 CHANNELS (X ,  Y, & Z) T I ME SHARE THE A R I THMETIC UN IT, DATA BUS,  & DATA 
CONTROL UN IT 

• STATE VAR IABLES ARE S H I FTED TO THE OUTPUT DATA BUFFER 

ENGINEERING 

• 8 ANALOG ENG INEER ING DATA 
PARAMETER S  

• 2 7  B I -LEVEL STATUS S I GNALS 
• ANALOG IS MULTI PLEXED TO USE  

SAME ADC AS SC I ENTI F I C  DATA 
• 10- B IT OUTPUT ! NO POLAR ITYl 

TRUNCATED TO 7 B ITS (0.5% 
RESOLUTION) 

• BYPASSES D I G ITAL F I LTER & I S  
I NTEGRATED I N  OUTPUT DATA 
BUFFER (16 10- B IT WOR D S ): 

• TWO 8-WORD SEQUENCES 
OF 7 - B I T  ANALOG OUTPUT 

• 16 2-B IT STATU S S I GNALS 
( INC 5 F ILLER B ITS) 

• ONE B IT ( LSM FRAME CNTR) 
TO FLAG START OF 16-WORD 
SEQUENCE 

• INSERTED I NTO DATA STREAM 
AS EVERY 7TH LSM WORD 

• CONTENTS OF OUTPUT DATA BUFFER 
READOUT SEQUENT IALLY TO THE ALSEP 
DSS U PON RECE I PT O F  DATA DEMAND 

PULSE 

• NOTE THAT ALSEP READOUT OF LSM 
SC I ENT I F I C  DATA IS STAGGERED ( IN 

T I ME) BUT EACH SET OF 3 ( X, Y, & Z) 
SAMPLES I S  OBTA I NE D  :::S I MULTANE
OUS LY & SUCCESS IVE SAMPLES ARE 
AT :::EQUAL T I ME I NTERVALS 

JAN 68 5 178 . 10 .3 1  



LSM F I LTER BYPASS  COMMAN D  

OCTAL CMD NUMBER 

132 LSM F I LT I N/OUT 

TH I S  I S  A 2-STATE CMD ( I N/OUT). LSM ACT IVAT I ON PRESETS THE D I G I TAL 
F I LTER I N. TRANSM I S S ION OF TH I S  CMD CAUSES A MAJOR PORT I ON OF 
THE F l LTER TO BE BYPAS S ED. REPEATED TRANSM I S S ION OF TH I S  CMD CAUSES 
THE F I LTER TO BE I N, OUT, I N, ETC. 

JAN 68 5 178. 10 .32 



NO TE: 

LSM DATA FORMAT 

I ·  l LSM SEQUENCE = 16 LSM FRAMES = 9. 6604 SEC · I  
LSM FRAME STARTS 
W ITH l AT TURN-ON 
REGARDLESS OF ALSEP 
FRAME ID 

\ SYMBOL NAME 

DM-25 LSM X-AX I S  SC I 
DM-26 LSM Y-AX I S  SC I 

\ DM-27 LSM Z-AX I S  SC I f- l LSM FRAME --1 
= l ALSEP FRAME 
= 0. 60377 SEC 

ALSEP WORD NUMBERS --1 5 1 11 1 19 1 21 1 49 1 51 1 53 1 

WORD 
(EVERY 
FRAME) 
17, 49 
19, 51 
21, 53 

�""v-! 
-----� ---- TYP I CAL l7, 19, 21, 49, 51 ,  53 

1 ..  l LSM ENG WORD -----1 r+-l LSM SC I ENTI F IC WORD ---1 
(ALSEP WORD 5 IN EVERY FRAME) I I (SAME WORDS IN EVERY ALSEP FRAME) I l � l � l � l t l� li l � l � l � l � l  l ± l � li l � l � l t l � l � l � l � l  

..._,_ � -.,., 1 7-B I T  ENG MEASUREMENT ENG STATUS ""' --9-B IT 
( REPEATS EVERY 8 FRAMES) S I GNALS ""' MAGN ITUDE 

( REPEAT EVERY 16 FRAMES) I- B IT POLAR I TY 
DM-30 LSM FRAME CNTR (0 = PLUS, l = MINUS) 

(l IN F I RST FRAME, ZERO IN NEXT 15) 
JAN 68 5 178 . 10.33 



LSM ENG INEER ING  DATA 
ANALOG MEASUREMENTS 

LSM FRAME 
SYMBOL NAME NUMBER REMARKS 
DM-01 LSM SNSR X DEG C 1, 9 e 7- B IT DATA I N  
DM-02 LSM SNSR Y DEG C 2, 10 ALSEP WORD 5 
DM-03 LSM SNSR Z DEG C 3, ll  
DM-04 LSM BASE DEG C 4, 12 • LSM HAS NO 
DM-05 LSM INT DEG C 5, 13 ANALOG DATA 
DM-06 LSM LVL 1 DEG 6, 14 INPUT TO ALSEP 
DM-07 LSM LVL 2 DEG 7, 15 ADC (WORD 331 
DM-08 LSM 5V SUPPLY 8, 16 

POS Z DEG 
SE PT 68 5178. 10 .34 



LSM DEPLOYMENT 
STOWED CONF I GURAT ION REMOVAL 

• FOLDED BOOMS & LEGS SECU RED BY • U SE UHT TO RELEASE FORWA R D  BOYD BOLTS 

2- P IECE HOR SECOLLAR ATTACHED • PULL HAN D LE ON TOP OF HOR S ECOLLAR TO 
' 

TO FORWAR D MOUNT I NG BRACKET D I SENGAGE BRACES AND D I SCAR D U P PER 

BY BOYD BOLTS HALF O F  HOR S ECOLLAR AND B RACES 

• AFT END (EGFU) SEATED ON 2 T ITAN- • PU LL HAN D LE  ON TO P OF EGFU TO RELEASE 

I UM P I NS PROJECT I NG UP  FROIV\ S L I DE PLATE FROM P I NS  AND L I FT  LSM 

PYLON STRA I G HT U P  TO REMOVE FROM SUNS H I ELD 

• EGFU LOC KED BY S L I DE PLATE e G RA S P  HAND LE LOO PED BETWEEN BOOM 
( LANYARD ACTUATED )  ENGAG l NG H I NGES. REMOVE LOWER HALF OF HOR SECOLLAR 

LOC K I NG SURFACES OF P I NS AND LOWER LSM TO S U R FACE 

F I NAL PLACEMENT 
• CARRY 50 FT TO EMPLACEMENT S ITE 
e D EPLOY LUNAR S U P PO RT LEG S  
e LOWER TO SURFACE ( STR I PED LEG EAST) 
• UNFOLD BOOMS ( D I SCARD HAN D LE)  
e REMOVE PRA COVERS 
e ADJUST LEVEL ( B U B B LE  ON TOP OF EGFU) U S  l NG U HT TO ROTATE SCREW 

I N  EAC H LEG AT JO I NT TO EGFU 

e AL I GN E-W U S  l NG S HADOWG RAPH (MOUNTED ON TOP OF EGFU )  
• MAKE F I NAL S HADOWGRAPH READOUT 

APR 69 5 178. 10 .35 



LSM EMPLACEMENT CR ITER IA  

PA RAMETE R REQU I REMENT PR IOR ITY I ND ICATOR COMMENTS 

D I STANCE FROM IN QUADRANT O P-

SUBPAC KAGE l 50 ±5 FT 2 55 FT CA BLE POS ITE RTG TO 

M I N I M I ZE MAG-
NET I C  EFFECTS 

D I RECT ION FROM O P POS ITE LM M I N I M I ZE MAG-
SUBPACKAGE l ± 20° 2 EYEBALL NET IC CONTAM I -

NAT I ON 

S I TE SELECT ION AVO I D  R U B BLE 3 EYEBALL 
FOR MAX I MUM 

STA B I L ITY 

LEVEL, WRT + 5°0F HOR IZ BUB BLE TM OF I NTERNAL 

IND ICATOR (ACCEPTABLE) l LEVEL ON LEVEL SENSOR 

+ 3° 0F HOR I Z  EGFU 

(GOAU 

ALIGN, WRT SHADOW- COLOR-CODED LEG 

SHADOW ± 3° 0F E-W l G RAPH PO I NTS E* 

READOUT OF SHADOW-
NEEDED FOR SC 1 -

ALI GNMENT, WRT , qo OF E-W l G RAPH 
ENT I F I C  DATA I N-
TE RPRETAT ION;  

S HADOW 
THERMAL LES S 
C R I T I CAL•• 

EXPER IMENT 
MUST BE AT LEAST 80 FT FROM S I DE AND PREFERABLY 100 FT 

I NTERRELAT I ON 

SPEC IAL *COULD BE ROTATED 180° AND MEET THERMAL C R ITER IA;  

REQ U I R EMENTS HOWEVER, SHADOW GRAPH I S  NOT REVER S I BLE 

* * RAD I ATORS ON ELECTRON I C S  REQU I RE E-W ALIGNMENT±3°. 
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EGFU� 

LSM LEVEL ING AND ALI GNMENT 

BUB BLE LEVEL ON TOP OF EGFU 

SHADOWGRAPH ( SUN COMPASS ) 
ON TOP OF EGFU 

I I 
0 I Z-AX I S  LEG 

LEG MAR K I NGS I ND ICAT I NG EAST 
ALTERNATE ORANGE & WH I TE BAN D S 
EACH 0. 4- I N. LONG (TOTAL 2. 8 I N. )  

SEPT 68 5178. 10.37 





SOLAR W I N D  SP ECTROMETER 

SENSOR 
ASSEMBLY 

MOUNTI NG 
PLATE 

PUSH BUTION FOR 
RELEAS I NG LEG 
EXTENS I ON 

ELECTRON I CS 
ASSEMBLY 

CARRY I NG 
HANDLE 
SOCKET 

• COMPONENTS 
& FUNCTI ON 

• DEP LOYMENT 
• COMMANDS 

& DATA 

SUN S HADE 
( HELD DOWN WHEN 
LEGS ARE RETRACTED) 

APR 69 5 178. 1 1 . 1  



SWS S I Z E  AND  W E I G HT 

EARTH WT, LB = 12. 25 

....---9 I N-� 

14 I N  

17 I N  

OCT 68 5 1 78. 1 1 . 2  



SWS MEASUREMENT CAPAB I L ITY 

ENERGY RANGE: 
ELECTRONS - 6 to 1330 ELECTRON VOLTS } TWO RANGES 
POS IT IVE IONS - 18 to 9780 ELECTRON VOLTS 

FLUX DENS I TY RANGE: 
106 to 1010 PARTI CLES PER CM2 PER SEC 

ENERGY RESOLUTI ON: 
ELECTRONS - FACTOR OF 2 
POS I Tl VE I ONS - FACTOR OF � 

FLUX RESOLUTI ON: 
3. 7 o/o OF TRUE FLUX VALUE 

D l RECT I ON: 
I NC I DENCE ANG LES + 15° FOR COLLI MATED FLUX 

OCT 68 5178 . 1 1 ..3 



M O D U LAT I N G  F A RA DAY C U P  

• MODULATOR C l  RCU I T  APPL I ES 2 KHz SQUARE WAVE TO SENSOR 
• 2 KHz SUPER I MPOS ED ON DC (PEAK-TO- PEAK) 

116 OF DC LEVEL FOR POS I T l VE DC 
113 OF DC LEVEL FOR NEGATI VE DC 

•DC LEVEL STEPS (STA I RCASE FASH I ON) THROUGH CONTI NUOU S ,  
SUCCES S I VE VALUES 
14 Tl MES W I TH Xf2 S PAC I NG FOR POS I Tl VE DC 
7 TI MES W I TH X 2 S PAC I NG FOR NEGAT I VE DC 

ADVANTAGE 
STRAY PARTI CLE FLUXES , SUCH AS PHOTOELECTRONS P RODUCED I NS I DE 
THE SENSOR , ARE NOT CHANGED BY THE MODULATI ON POTENTI AL; THERE
FORE , THEY ARE NOT I NCLU DED W I TH I N  THE MEASUREMENTS . 

NOV 67 5 178. 1 1 .4 



HEATER W I  RES 
(REDUNDANT) 
(COVER 
REMOVED  

SWS DUST COVERS 

• HEATER W I RES BURN RETA I N I NG COR D  
TO RELEASE COVERS 

e I N I T I ATED BY GROU N D  COMMAND 
• REQU I RED BURN T I ME ,  1 .  5 SEC 
• POWER APPL I E D  4 ±. 2 SEC 

APR 69 5178 . 1 1 .5 



DSS  

SWS F UNCT IONAL  D IAGRAM 

OPER 
PWR 

.- - - - - - - ,  

N I GHT 
TI ME 
HEATER 

I HV MODULATOR I 
�---..t HV GA I N  C HANGE l-----� 

1 

T I M I NG 

CMD 

STBY 
PWR 

DEMAND  

DUST 
COVER 
RELEASE 

S U RV I VAL 
HEATER 

CONTROL 

SH I FT PROGRAMMER 

DATA S H I FT CONVERS I ON 
REGI STER COUNTER 

S YNCHRONOUS DEMOD 
& DC AMPLI Fl ER  

.___ __ _, 

STEP GEN I 

2 KHz DR I VE I 

VOLT CONT AMP : 
L--� t HV GEN 1 

GEN 

HV AC CAL 

_ _ _ _ _  ... 
STEP GEN VOLTS 
MOD MONI TOR 
HV DC CAL 

TEMP SENSORS (4) 

A DC CAL VOLT GEN 
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SWS E L ECTRON IC  M O DULES  

MODULE 200 
PROGRAMMER 
OS C I LLATOR 
STEP GENERA TOR 
2 KHz DR I VE 

MODULE 300 
LOW & H I G H  VOLTAGE 

POWER S U PPL IES  
VOLTAGE CONTROLLED 

AMPLI F I ER  

D EC 67  5 1 78. 1 1 . 7  



SWS VER I F ICAT I ON  F EATURES  

CAL l BRA T l ON NUMBER D I STR I BUTI ON REPETI TI ON 
TYPE OF WOR DS RATE * 
2 KHz CURRENT 32 4 VALUES ( I NC 0) 1 12. 3 SEC 
PULSES + 'l'/o I NTO EACH CHA I N 
TO PREAMPS & 7 COMB I NE D 
CAL VOLTAGES 8 5 VALUES 56. 1 SEC 
+ 'l'lo TO OUTPUT PLUS 3 REPEATS 
COMMUTATOR 
READOUT OF 42 14 EACH FOR + DC 449. 2 SEC 
AC & DC H I GH 7 EACH FOR - DC 
VOLTAGES 

* AT NORMAL ALSEP DATA RATE, COMPLETE SWS CYCLE (449. 2 SEC) 
CONS I STS OF 16 SEQU ENCES (28. 065 SEC) NOV 67 5 178. 1 1 .8 



SWS THERMAL  C ONTROL 

MECHANI CAL 
GOLD - PLATED F l  BERG LAS HOU S I NG 
COVERED W ITH S I LK/MYLAR (ALUM I N l  ZED) 
& COATED W ITH WH I TE PA I NT 

RAD I ATOR 
(ONE S I DE ONLY) 

UN I T 
THERMI STOR ( l) 
SENSOR 
THERM I STORS (3) 
SENSOR 
THERM I STOR ( l) 
CONTROL 

OPERA Tl ONAL 
HEATERS 
(SER I ES)  

S U RV IVAL ( STBY) 
HEATERS 
(3 I N  PARALLEL) 

ELECTR I CAL 
LOCATI ON 

SENSOR ASSY 

MOD 100, 200, 300 

MOD 300 
ACTI VATES < 25° C 

MOD 200 

MOD 300 

ONE I N  
EACH 
MODU LE 

NOTES :  • NO MANUAL (COMMAND) THERMAL CONTROL 
• NO THERMOSTAT FOR S U RV I VAL HEATER 

REMARKS 
WI  NSCO MODEL 
27 12-4-00-2 
YELLOW S PR I NGS 
YS I 44063 
YELLOW S PR I NGS 
YS I 44063 
43-0HM 
D I S S I PATES l. 2 W 
75 - OHM 
D I S S I PATES 2. 1 W 
680 - OHM ( 2) 
600 - OHM ( l) 
4. 0 W TOTAL ( MAX) 

• OPERATI ONAL HEATER L I M I TED  TO AVO I D >  6. 5 W TOTAL POWER 
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SWS T IM ING  F U NCT IONS  
I NTERNAL EXTERNAL 

BAS I C  1024 KHz CLOCK SH I FT PULSES & DEMAND PULSE FROM DATA 
SUPPLI ES 256 , 2. 0, & 0. 5 KHz S U BSYSTEM ARE US E D TO S H I FT DATA 
TO VAR I OUS USERS FROM REG I STE R 

• CONVERS I ON COUNTER OPERATES THESE PULSES ARE ALSO USED TO PROGRAM 
AT 256 KHz COMMUTATORS & STEP GENERATOR 

• DC /DC CONVERTER OPERATES 
AT 2. 67 KHz ( FREE RUNN I NG) 

• HV MODULATOR OPERATES 
AT 2. 0 KHz 

ONE SEQUENCE OF SWS OPERA Tl ON CONS I STS OF 14 POS I Tl VE STEPS 
(EACH TI ME SAMPL I NG TOTAL + 7 1 N D I V I DUAL SENSORS ) , 16 CAL WORDS , 
7 NEGATI VE STEPS (8 WORDS EACH) & 2 SEQUENCE/CYCLE COUNTER WORDS 
(TOTAL 186) I N  28. 065 SEC. 

OCT 68 5 178 . 1 1 . 10 



SWS P OWER  PRO F I L E  

����� 
HEATER USES I 

OFF-PEAK I 
POWER UP TO I 6. 5 WATTS 

I 
I 
I 
I 

/j I 
OPERAT IONAL I 
POWER ( H I GH I 
G A I N  MODE) I 

I 
28. 1 SEC ......_j 
REP RATE I 

• STBY POWER: 4. 0 WATTS (MAX) 
• OPER POWER S HOWN EXCEPT 

FOR DUST COVER REMOVAL 
( 10 WATTS FOR 4±2 SEC) 

• TURN-ON TRANS I ENT 
� 10. 5 WATTS FOR 
LES S THAN 60 MSEC 

OCT 68 5 178. 1 1 . 1 1  



SWS T IE - D OWN  AND  R ELEASE  

0. 252 I N  D I AM BOLT HOLES 
SOCKET 

FOU R FASTENERS RELEASED BY UHT 
I NSERT UHT I N  SOCKET AND L l FT 
LEG ASSEMBL I ES ATTACHED TO MOUNTI NG 

PLATE I N  TI E- DOWN POS I TI ON COMPRES SES 
�-7. 25 I N  HEXAGONAL SEPARATORS I N  EACH CORNER : lE D G E  OF SUNS H I ELp � ( l) RESTRA I N I NG P I VOTI NG MOTI ON 

... (2) LOCK I NG SUNSHADE I N  STOWED POS I T I ON 
RELEASE OF TI E- DOWN 

FASTENERS & LEGS ALLOWS 
114 I N . VERTI CAL SEPARATI ON 

CABLE REEL I S  STOWED UNDER SWS 

OCT 68 5178. 1 1 . 1 2 



SWS EMPLACEMENT CR ITER I A  

PARAMETER REQU I REMENT PR I OR I TY I N D I CATOR COMMENTS 

Dl STANCE FROM 13 + 1 ft 1 PACED OFF S EE EXPE R I MENT I NTERRELATI ON -
S U B PACKAGE 1 ( 15 FT CABLE) 

D l  RECTI ON FROM + 30° FROM 2 EYEBALL + 10° AREA OF REDUCED SENS 1 -- "' Tt V I TY (OTHERS AT 60° ) S U B PAC KAGE 1 DUE N OR S 

S I TE SELECT! ON APPROX HOR I Z  3 EYEBALL AVO I D THERMAL D I STU R BANCES 

LEVEL + 5 OF HOR I Z  2 EYEBALL & PENDULUM EFFECT ON  ONE LATERAL 
GRAV I TY AX I S. I NTER NAL S U N  SENSOR. 

AL I GN, WRT + 5° OF E-W 2 PA I NT 
01< 01<  

LOUVERED S I DE AWAY FROM RTG AND 
S HADOW UHT SHADOW (THERMAL A N D  SC I ENCE REQU I RE-

ME NT) 

EXPER I MENT 
"' 

NO OTHER S U BSYSTEM S HOULD S U BTEND  AN  ANGLE GREATER THAN 0. 03 S TERA D I AN 
I NTERRELA Tl ON AT THE S OLAR W I N D  LOCATI ON AND S HOULD BE I N  AN  AREA OF REDUCED SENS I TI VI TY. 

"'"' 
S PEC I AL ARROW NOMI NALLY PO I NTS EAST ALTHOUGH S C I ENTI F I C OUTPUT DEPEN DS  ONLY ON 
REQU I REMENTS KNOW lNG F I NAL AL IGNMENT (COULD BE EAST OR WEST). F I NAL ALI GNMENT BY SET-

T I NG ORANGE FACES (N-S)  ON SENSOR AS SEMBLY EQUALLY IN SHADE, AND UHT 
SHADOW PARALLEL TO SENSOR EDGE. 
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SWS AL IGNMENT MARKING 

AR ROW ---.... 

DES I GNAT I NG 
EAS T  O RANGE PATTE R N  

2 S I DES 
(N & S )  

ALI G NMENT I S  O BTA I NED 
BY ROTATI NG SWS U NTI L 
O RANGE S U R FACES HAVE 
EQUAL  S HADOWS AND U HT 
S HADOW I S  PAR ALLEL TO 
SEN SOR EDGE 

APR 69 5 178 . 1 1 . 1 4 



SWS ALIGNMENT MECHAN ISM 
S L I T TO SUN 
0. 0 1 I N. X 0. 9 I N. 

• SUN REFERENCE SENSOR 
G I VES A SHARP VOLTAGE 
PEAK FOR� 1 HR WHEN 
SUN PASSES 30° OFF 
VERTI CAL (VER I FY SWS 
ALI GNMENT) 

• OUTPUT WHEN SUN I S  
OFF-AX I S  I S  REDUCED 
BUT S U FF I C I ENT TO VER I FY ·  
DUST COVER RELEASE 



OCTAL CMD NUMBER 

122 SWS CVR GO 

SWS COMMANDS  

CMD 122 CAU SES THE ONE T IME FUNCT ION OF REMOV I NG THE 
SWS DU ST COVERS. TH I S  CMD I S  AN I R REVER S I B LE FUNCT ION 
AND IS NECESSARY TO OBTA I N  SWS SC I ENT I F I C DATA. 

122-122- 122 HV GA I N  CHANGE 
I 

TRANSM I S S ION OF CMD 122 THREE T IMES W I TH I N  10 SEC 
SW ITCHES THE VOLTAGE CONTROL AMPL I F I ER FROM THE 
I N IT I AL (TURN-ON) LOW GA I N  MODE TO THE H I GH GA I N MODE . 
BOTH GA I N  SETT I NG S W I LL BE USED FOR SC I ENT I F I C DATA 
COLLECT ION. LOW GA I N M I N IM I ZES POS S I B I L I TY OF ARC I NG. 

OCT 68 5178 . 1 1 . 16 



SWS DATA F ORMAT 
� 1 SWS CYCLE = 16 SWS SEQUENCES = 449. 2 SEC 

SWS H K  I N  

WORDS 112- 119 
EVERY ODD 

S EQUENCE 

" SUM" WORDS 

SEQUENCE 14 

HV AC CAL I N  

" SUM" WORDS 
SEQUENCE 15 

NOTES:  

' 

• 4 SWS WORDS PER ALSEP FRAME (7, 23, 39, & 55) 
• SWS SEQUENCE CAN START ANYWHERE & MAY 

BE NG FOR 1 SEQUENCE 

• CURRENT CAL I N  SWS WORDS 120-127 
SEQ 0. 4. 8, 12 = 0 
S EQ 1, 5, 9, 13 = 6 PA 

SEQ 2, 6, 10, 14 = 58 PA 

SEQ 3, 7 ,  11, 15 = 6 NA 
SOCKET 

• POS ION & ELECTRON DATA 

SAMPLED AS FOLLOWS 
0 "S UM" 

1 CUP 1 
2 C U P  2 
3 C U P  3 

C U P  7 

SEQ/CYCLE 

OCT 68 5 178. 1 1 . 17 





SUPRATHERMAL ION  DETECTOR EXPER IMENT 
[ S I D E )  

• COMPONENTS & FUNCT I ONS 
• DEPLOYMENT 
• COMMANDS & DATA 

CC I G  

R I BBON CABLE 

GROUND 

GROUND 
SCREEN 

APR 69 5 178. 1 2. 1  



I ON  D ETECTOR INSTRUMENT 

DETECTORS : 
H I GH ENERGY 
LOW ENERGY --.....,-

CURVED-PLATE 
ANALYZER 

VELOC ITY 
F I LTER 

SEPT 68 5 178. 1 2. 2  



CC I G  INSTRUMENT 

OR I F  ICE COVER 

MAGNET SH I ELD 

CATHODE 

JAN 6 8  5 178. 1 2.3 



> 

S I D E  G ENERAL F EATUR ES 
MEASURE ION I C  ENV I RONMENT OF MOON 

DETECT POS IT IVE IONS 

• RESULT I NG FROM UV ION I 
ZAT ION O F  THE LUNAR AT
MOS PHERE 

• FREE STREAM I NG & 
THERMA L I ZED 
SOLAR W IN D  

H I GH ENERGY 
C U RVED PLATE 
ANALYZER (HECPA) 
• NO VELOC ITY F I LTER 

• DETERMI NES  FLUX 
( PART I C LES/SEC) 
W I TH I N  STEPPED 
RANGES OF ENERGY 
PER UN I T  CHARGE 

LOW ENERGY CURVED 
PLATE ANALYZER 
( LEC PA) 

• PRECEDED BY VELOC I TY 
F I LTER (CROSSED 
ELECTR IC  & MAGNET I C  
F I ELD S )  

• DETERM I NES  FLUX 
( PART ICLES/SEC) W ITH I N  
STE P PED RANGES OF 
VELOC ITY & ENERGY PER 
UN I T  CHARGE 

• PLACED ON GROUND PLANE (W I RE MESH SCREEN) 
W ITH VOLTAGE APPL IED  BETWEEN I NSTRUMENT & 
SCREEN TO AS SESS LUNAR S URFACE ELECTR ICAL 
F IELD EFFECTS 

• S I DE ELECTRON ICS  I NPUT C I RC U ITS PROV I DE 
I SOLAT ION FROM ALSEP ( POWER & S I GNAU 

DETERM I NE 

• DEN S ITY OF LUNAR 
ATMOS PHERE ( I NC 
CHANGES W ITH T I ME) 

• LOS S  RATE OF CON
TAM I NANTS LEFT BY 
ASTRONAUT & LM 

COLD CATHODE ION GAUGE 
(CC I G) 
• MEASURES DENS I TY OF 

NEUTRAL ATOMS (TH I S ,  
W I TH TEMP OF GAUGE, 
ALLOWS CALC U LATION 
OF LUNAR ATMOS PHERE 
PRESS U RE) 

JAN 68 5 178. 12 .4 



SIDE  PERFORMAN C E  
HECPA 

• ENERGY RANGE: 10 ev TO 3500 ev PER UNIT CHARGE 
• ANGLE OF COVERAGE: 30° X 6° 
• All GNMENT: 

+ 5° TO LUNAR EQUATO R 
l5° OFF VERT ICAL & PO I NTED AWAY FROM SU B-EARTH PO I NT 

• MEASUREMENT TECHN I QUE: CJ.JRVED PLATE ANALYZER 
FOLLOWED BY CHANNELTRON ® ELECTRON MULTI PLIER 

• CURVED PLATE ANALYZER USES ELECTROSTAT IC F I ELD ! BALANCED 
POTENT IAL ON PLATES) TO PERFORM ENERGY RESOLUTION 

• PLATE VOLTAGES: 20 STEPS BETWEEN 2. 5 & 875 VOLTS 
• ELECTRON MULT I PL IER DETECTS IONS PASSED BY CURVED 

PLATE ANALYZER & SUPPLIES CURRENT PULSE ( >10-13 COULOMBS) 
TO PREAMP 

• ELECTRON MULTI PLIER OPERATES W ITH -3500 VOLT EXC ITATION 

CCIG 

• RANGE: 10-6 TO 10-12 TOR R  
• OPERAT I NG VOLTAGE: +4500 V 
• MAGNETIC FIELD: 1020 GAUSS 
• POWER D I S S I PATION: 5 M I LLIWATTS 
• GAGE BODY CONSTRUCTED OF 304 STAI NLESS STEEL 
• THREE OVERLAPP ING MEASUREMENT RANGES !SW ITCHED BY INTERNAL 

LECPA 

• RANGE: 
MAS SES U P  TO 130 AMU 
ENERG I ES 0. 2 EV TO 48. 6 EV PER UN IT CHARGE 
VELOC ITIES 4 x 1o4 CM/SEC TO 9. 35 x 106 CM/SEC 

• ANGLE OF COVERAGE: 30° X 6° 
• ALI GNMENT: 

+ 5° TO EQUATOR 
l5° OFF VERTICAL & PO I NTED AWAY FROM S U B-EA RTH PO I NT 

• MEASU REMENT TECHNIQUE: VELOC ITY F i llER, FOLLOWED BY CURVED PLATE 
ANALYZER, FOLLOWED BY CHANNELTRON ® ELECTRON MULT I PLI ER 

• VELOC ITY F I LTER: WE IN TYPE (CROSSED ELECTR IC & MAGNET IC F I ELDS 
• 500 GAUS S  ALN I CO, DOU BLE-C CONSTRUCT ION MAGNET 

{62. 5 GRAMS) 
• PARALLEL ELECTR ICAL PLATES W ITH BALANCED POTENTIAL 

HAV I NG 120 STEPS BETWEEN 0. 12 & 28 VOLTS 
• CURVED PLATE ANALYZER HAS 6 STEPS BETWEEN 0. 1 & 24. 3 VOLTS 
• ELECTRON MULTI PLIER SAME AS HECPA 

GROUND PLANE 
• W I RE MESH SCREEN =2 FT D I AM 
• 24 VOLTAGE STEPS (ll POS ITIVE, ll NEGATIVE, & 2 ZEROS) BETWEEN 

-27. 6 & +27. 6 VOLTS 
LOG IC) HANDLE CUR RENT MEASUREMENTS BETWEEN 1 X 10-13 & 1 X 10-6 AMPS 

• PLACED ON SURFACE OUTS I DE GROUND PLANE 
JAN 68 5178. 1 2.5 



DSS 

S I D E  B LO C K  D IAGRAM 

+29V OPER 
+29V STBY THERMAL 
..:...=..<..!......:<..'-"'-'------t 
+29V RETURN (STBY) CONTROL 

29V OPER + 
+29V RETURN POWER 

SUPPLY 

5 CMDs .. 

I SOLAT ION 

SH I FT PULSE AMPL I F I ERS 

DATA DEMAND __.. 

EVEN FRAME MARK 

+60V 
+30V 
+l2V 
+5V 
5V II. -

) -30V r 

w CMD LOG IC r--v 
PWR REG I STER 
ON EXECUTE STATUS 

RESET T IM ING , ... �14 CMDs 
f--f-- PROGRAMMER 
r-

CM�TO 
I 

- ONE-T IME l CMDs (2) 

STEPPER 
S IGNALS 

L 

SEAL 

SC I ENTI F IC 
INPUTS I I I I I I � - !l�f·_lE_-CC !G �-------1 I I I I I I I I I 

t T IM I NG : ELECTRON ICS : 
DUST COVER 
REMOVAL - - - -- - - -· f- -SENSOR f- -ELECTRON ICS 

I 

H GROUND PLANE I -�CODED STATUS I D  

-l _ ..J  

SENSOR FRAME I D  DATA SC I & ENG DATA ELECTRON ICS T IM ING HANDL I NG 
PAR ITY =r J  I D IG ITAL DATA CAL STEPPER S I GNALS 

ANALOG SC I ENCE DATA (2 L I NES) 
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S I D E  C OMMAND  F UNCT I ON  
• ALSEP SUPPL I ES 5 CMDs: 

OCTAL NAME 
104 S I DE LOAD 1 TRANSM I TIED F I R  ST. AFTER PROPER LOAD I NG 
105 S I DE LOAD 2 O F S I DE CMD I NPUT REG I STER I S  VER I F l ED 
106 S I D E LOAD 3 V lA TM, THEN EXECUTE I S  TRANSM I TIED. 
107 S I DE LOAD 4 
110 S I D E EXECUTE 

• I F  LOAD CMDs ARE NOT PROPERLY RECE IVED , I N PUT R EG I STER CAN BE 
CLEARED BY TRANSM ITI I NG ALL LOADS ( 1 ,  2 , 3 & 4) & THEN EXECUTE 

• S I DE ENCODES 15 D I FFERENT CMD COMB I NAT I ONS ( I NC REG I STER RESET) 
• TWO OF THE 15 ARE ALSO U SED (V lA ONE-T l ME REG I STER) TO PERFORM 
THE ONE-T l  ME FUNCT IONS OF CC I G SEAL BREAK & S I DE DUST COVER 
REMOVAL (THE F I R ST T IME THEY ARE TRANSM I TIED ) 

• CMDs ARE STROBED FROM I NPUT REG I STER ( BUFFER) TO MODE REG I STE R 
WHEN EXECUTED ( S IMULTANEOU S LY DECODED & APPL I ED) 

• TM OF MODE REG I STER I ND ICATES WHAT THE LAST CMD WAS ;  
THEREFORE, HELPS VER I FY WHAT MODE THE S I DE I S  I N  

SEPT 68 5 178. 1 2.7 



S I D E  C OMMAND E NCOD I N G  
ALSEP OCTAL 

CMD SEQUENCE SYM BO L  FUNCT I O N  COMMENTS 
104 105 106 107 l lO 

X X C l -01 CC I G SEAL BREAK } ONE-T l  ME CMD s  
X X C l -02 S I DE DUST COVER GO 

X X C l -06 GROUND PL STEP PROG ON/OFF T 
X X c 1 -07 RST S I DE  FRAME CNTR AT 10 THESE CMDs REPET IT IVE 

X X X C l -08 RST S I D E  FRAME CNTR AT 39 MOD I FY DATA CMDs 
OUTPUT MODE 

X X C l -09 RST V/ F I LT C NTR AT 9 > BY C HANG I NG 
X X X C l - 10 RST S I DE FRAME CNTR AT 79 LENGTH OF 

X X X C l - l l  RST CNTRs AT 79  & 9 S I DE SEQUENCE 
X X X X C l -12 X10 ACC U M  I NTERVAL ON/OFF OR CYC LE 

X X C l - 13 MASTER RST ( NORMAL MO DE SEU / 

X X X c 1 -14 V/ F I  LT VOLTAGE ON/OFF } CMD s  AFFECT I NG 
X X X c 1 - 15 LEC PA H I GH VOLTAGE ON/OFF STE P PER 

X X X X c 1 - 16 HEC PA H I GH VOLTAGE ON/OFF VOLTAGES ) DATA CHANGE X X X c 1 - 17 FORCE CONT I NUOU S  CAL } ! SHORT SEQUENCE! 
X X X X c 1 - 18 CC I G  H I GH VOLTAGE ON/OFF POWER 

X X X X c 1 - 19 CHAN NELTRON HV ON/OFF SW I TCH I NG 
X X X X X C l -20 RST CMD I N PUT REG I STER } I NTERNAL TO 

CMD LOG I C  --
X NA NOT U SED 

JAN 68 5 178. 1 2.8 



S I DE 
I SOLAT ION 

AMPLI F I ER S  

S I D E  COMMAND LOG I C  D IAGRAM 

S I DE LOAD l 

S I DE LOAD 2 

C l -01 CC I G  SEAL B REAK } 

RESET 
REGI STER 

r::-:==t--__J EXECUTE CMD .__ ........ � 
PWR 
ON 

RESET 

EXECUTE 
T I M I NG 

\ 14 CMDs ., 
�-------------- ,-------------�( v 

S I DE PROGRAMMER 

JAN 68 5 178. 1 2.9 



S I D E PROGRAMMER F UNCT I ON  

• PROV I DES T I M I NG & CONTROL S I GNALS TO 
• HEC PA 
• VELOC I TY F l  LTER 
• LEC PA 
• CAL l BRAT ION PULSER 
• GROUND PLANE 
• CC I G 

• BAS I C  T I ME REFERENCE I S  GENERATED I N  S I DE FRAME COUNTER 
• NORMALLY COUNTS 128 ALSEP EVEN FRAME MAR KS (256 ALSEP FRAMES ) 
• I N I T I ATES HEC PA, VELOC ITY F I LTER , & LEC PA STEPS ( ETC . ) AT PROPER 
T I ME I N  S I DE FRAME, DEPEND I NG ON S I DE FRAME COUNT 

• COUNTER OPERAT ION MAY BE MOD I F I ED V IA GROUND CMD TO 
COUNT LESS THAN 128 (0-79 , 0-39, 0-10, 120- 127) 

• GROUND PLANE STEPS ONCE AT EACH S I DE FRAME COUNTER RESET 
UNLESS I NH I B I TE D V lA GROUND CMD (24 GROUND PLANE STEPS ) 

APR 69 5 178. 1 2. 10 



S IDE 
I SOlATION 

AMPLIF IERS 

S I D E  P ROGRAMMER D IAGRAM 
S I DE CMD LOGIC 

EXECUTJ 14 CMD� \ 
PWRl 
ON T IM ING _k---= RESET ADV 

S H I FT PULSE 

DEMAND PULSE LOG IC ADV 
EVEN FRAME MARK TIM ING 

RST 

HI ENERGY, 
LO ENERGY, 

CMDs 
& VELOC ITY 
F I LTER ADV 
COUNTER 
SYNC � 

RST 
S I DE 

FRAME ADV 

COUNTER 

0 1 -0l 
S IDE 

PARITY FRAME 
CNTR 

\ 

H I GH HECPA_VOLTAGE STEPPER S I GNALS 
ENERGY 
COUNTER 

S H I FT � 
WOR D  

PULSE 
COUNTER 

COUNTER 

VELOC ITY LOW 
F ILTER r---+-+ ENERGY 
COUNTER COUNTER 

GROUND 
PlANE 
COUNTER 

ADVANCE ACCUMUlATOR 
STATUS T I MI NG 
SU B-COM, & CAL 
STROBE GEN 
GATE, ADVANCE 
& CAL 
GEN 

S I DE DATA HANDLING 

J-

WORD 
COUNT 

TO 
STROBE 

GATE 

VELOC ITY 
Fl LTER 
STEPPER 
S IGNALS 

LECPA 
VOLTAGE 
STEPPER 
S IGNALS 

S I DE 
SENSOR 

E LECTRON I C S  

CMDs � 
STEPPER 
S I GNALS 

T I M I NG 

SH IFT 
COUNT 

TO 
STROBE 

GATE 

} 
-\ 

) 

GROUND 
PlANE 

CC I G  
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S I D E  I ON  D ET ECT I O N  
• POS I T I VE I ONS PAS S  l NG TH ROUGH VELOC I TY F I LTER & LEC PA (OR  THROU GH 

HEC PA) ARE DETECTED BY ELECTRON MU LT I P L I ERS  WH I CH S U P P LY A C U RRENT 
PULSE, FOR EAC H I O N  THAT ENTERED,  TO DETECTOR AMPL I F I ERS  ( D I SC R I M I 
NATO R S )  

• D I SC R I M I NATO R S  SEPARATE P U LSES FROM BAC KGROU N D  NO I SE & AM PL I FY 
PULSE S I GNALS (ALSO L I M I T O UTPUT TO �ONE PU LSE PER M I CROSECOND)  

• PU LSES ARE A P P L I ED TO COUNT ACCUMU LATOR S  ( I N DATA HANDL I N G) & TO 
LOGAR ITHM I C  COUNT RATE METE RS ( 4V = 40, 000 CNTS/ SEC ;  IV = 50 CNTS/ SEC) 

• WHEN S I DE FRAME COUNTER REA D S  120 TO 127 ( EVERY 2. 5 M I N, A P P ROX, AT 
NO RMAL RATE) CAL S I GNAL PU LSES ARE GATED THROUGH THE D ETECTOR AMP L I 
F I ER S  AT THE FOLLOW I N G  FREQUENC I ES: 

0 Hz ( BAC KGROUN D) 
136. 72 Hz 
17, 500 Hz 

560, 000 Hz 

I N  S EQUENC E 

• DUR l NG CALl  BRAT I ON,  THE STE P P I N G  VOLTAGES O F  HEC PA & LEC PA ARE 
PRO G RAMMED TO ZERO & THE VELOC ITY F I LTER TO THE MAX I MUM POS I T I VE. 
TH I S  PREVENTS I O N  COUNTS D U R I NG CAL I BRAT I ON 

• S I DE  DUST COVER RELEASED BY SO LENO I D-OPERATED CATCH V l A  GROUND 
CMD 

JAN 68 5 178. 1 2 . 1 2  



S IDE { CMD 
LOGIC 

S IDE 
PROGRAM 
MER 

S I D E  S ENSOR  ELECTRON I CS  
STEP VOLTAGES 

TO S I DE DATA HANDLING 
� 

Cl -02 S I DE DUST COVER GO (ONE-TIME) 

HECPA STEPPER S IGNALS H IGH ENERGY STEP VOLTAGES 
C l-16 HECPA PiS PROGRAMMER 
H IGH VOLTAGE ON/OFF & STEPPER 

VELOC lTV Fl LTER 
C 1-14 VELOC lTV PiS PROGRAMMER 
Fl LTER PiS ON/OFF & STEPPER 

LOW ENERGY 
C 1-15 LECPA PiS PROGRAMMER 
H I GH VOLTAGE ON/OFF & STEPPER 

C 1-19 CHANNELTRON HV ON /OFF -3500V 
POWER 
SUPPLY C l -06 GROUND 

PLANE STEP 
PROG ON/OFF 

STEPPER S I GNALS 
CAL 

STEPPER 
S I GNALS 

S IDE DATA HANDLING 

SC IENT IF IC 
INPUTS 

I 
I 
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CC I G  F U N CT I ON  

• CHARGED PART I C LES ENTER ING THE SENSOR ARE DEFLECTED I NTO ELONGATED 
S P I RAL PATHS BY THE COMB I NAT I ON OF MAGNET I C  & ELECTROSTAT IC F I ELD S 

• THESE PART ICLES COLL I DE W I TH NEUTRAL ATOMS PRODUC l NG A LARGE 
NUMBER OF I ONS & A CURRENT FLOW ( DEPEND l NG ON THE NUMBER OF ATOMS) 
BETWEEN CATHODE & ANO DE 

• ELECTROMETER AMPL I F I E R AMPL I F I ES THE CURRENT FOR I NPUT TO DATA 
HAND L I NG 

• AUTOMAT I C  RANGE SELECT ION ( ALSO READ OUT V IA TM) 
• THE NO- ION COUNT OUTPUT OF THE ELECTROMETER PROV I DES AUTOMAT IC 
ZERO COR RECT ION 

• U PON DEMAND FROM S I DE FRAME COUNTER, A SEQUENCE OF P REC I SEL Y 
CONTROLLED CUR RENTS ARE GATED THROUGH THE ELECTROMETER I N PUT 
C I RCU I TS FOR CAL I BRAT ION 

• CC IG SEAL I S  REMOVED BY AN EXPLOS IVE P I STON ACTUATOR ( P I N- PULLER ) 
WH ICH RELEASES S PR l NG-LOADED COVER 

JAN 68 5 178 . 1 2 . 14 



CC I G  D IAGRAM 
SC I ENT I F I C  

S I DE { C 1 -0l CC I G  S EAL B REAK SEAL BREAK POWER SEAL I NPUTS 
CMD 

(ONE-T I ME) POWER SU P PLY MECHAN I S M  LOG IC  I - - - - - I CC I G  
TEMP S I GNALS _J 

NOTE: ALL CC I G  
SENSOR 

- - - - -

S U P PORT ING TEMP 
R F I  

ELECTRON I C S  
ARE I N  S I DE 
PACKAGE 

C l -18 CC I G  
4500V 
POWER S I DE { H I  VOLTAGE ON/OFF 

PRO- S U P PLY 
G RAMMER T I M ING 

S I DE DATA HANDL I NG 
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S I DE 
CMD 

LOG IC { 
S IDE 

PROGRAMMER < 

S IDE 
I SOLAT ION 

AMPLIFIER J 
DSS { 

S I D E  DATA HAND L I NG  
ONE-TIME CMD 
REGI STER STATUS RANGE I D  

}' CMD INPUT SEAL STATUS 
REG I STER STATUS CC IG SC I 

CC IG EN_G 
MODE STATUS 
REGI STER STATUS SU B-COM 

GROUND PLANE I D 

ADVANCE CAL RT 

I DUST CVR STATUS 
PAR ITY B IT � 

FRAME I D  --
COMMU-

SH IFT COUNT TATED 
WORD D IG ITAL CAL STEPPER 
COUNT STATUS GRniiND PLANE VOLTS 

LOGAR ITHMIC 8-B IT  ADC 
DATA - 3. 5  KV SUPPLY 

ANALOG COMMUTATOR ENG TEMPS, CVR, ETC 
& SUB-COMMUTATOR LECPA STEPS IVOLTSI 

VELOC ITY Fl LTER IVOLTSI 
HECPA STEPS (VOLTS I 

C==::J OTHER HK 

L£CPA D I SC RETE OUTPUTS I SC I COUNTS! 
HECPA D I SC RETE OUTPUTS 

fRfsiTl f [RE5ETl -
-

LOW H IGH D IG I TAL 

GATE ENERGY GATE ENERGY (CONVERTED I 
ACCUM ACCUM DATA 

D I G ITAL (20-B ITSI 1 120- B ITSI 0 DATA 
LECPA SC I  HECPA SC I 
(CUM COUNTS I (CUM CNTSI 

ANALOG ;:! STROBE GATE �A 
DATA I PARITY GENERATOR 1-i CNT RT- ANALOG 

L£CPA SC IENC 
CNT RT -+ DATA 

G I G  

S I DE 
SENSOR 
ELECTRON ICS 
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S I D E  THERMAL C ONTROL  
MECHAN I CAL 

• OPERAT I NG RANGE FOR ELECTRON ICS: 
-20° c TO +80° c 

• ELECTRON ICS PAC KAGE HAS OUTER 
GOLD COVER, OUTER CASE HAS 
I NNER GOLD SURFACE (TWO GOLD 
SURFACES FAC l NG EACH OTHER) 

• OUTS I DE SURFACE OF OUTER 
CASE PA INTED WH ITE 

• BOTTOM O F  CASE HAS TH I N  I N
SULATION BLANKET BETWEEN LEGS 

• TOP OF PACKAGE HAS SECOND 
SURFACE MI R ROR RAD IATOR 

• DUST COVER PROTECTS 
M IRROR & APERTURES 
FROM DUST UNTI L AffiR 
LM ASCENT (ALSO PRO
TECTS ASTRONAUT FROM 
M I R ROR REFLECT IONS) 

• CONDUCT IVE GR I D  OVER 
M I R ROR PROV I DES 
EQU I POTENT IAL SUR
FACE AROUND APER
TURES 

DSS 

+29V 
STBY RETU RN 

NOTE: 

ELECTR I CAL 

SURV IVAL 
HTR 

1. 8 W  

NO HTR 
IN CC IG  

LOW 
VOLTAGE 
POWER 
SU PPLY 

--

..........__., 
DUST 
COVER 
SOLENO I D  

THERM I STOR 
(CONTROL 
RANGE 
0 + 8° C) 
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S I D E  POWER  S U PP LY 

+29V OPER VOLTAGE LOW & H I GH 
PRE-REGU LATOR VOLTAGE 

POWER 

+ 

+5V ( D I G I TAL) 

oOV 

+30V 

+5V (A 
+29V RETU RN & SURGE 

L IM ITER SUPPLY 

NALOGl 

UND S I DE GRO 

-5V 

-30V 
I } +5V ( REF ALSE SU RGE LI M ITER HOLD S 

TU RN-ON TRANS l ENT TO 
P GROUND) 

LESS  THAN 450 Ml  LL IAMPS } 12 VAG ( FLOAT I NG 

S PEC IAL PURPOSE POWER SUPPL I ES: 
e STEPPERS 

HEC PA l. 25V TO 438V } BALANCED VOLTAGES,  
LEC PA 0.  05V TO l2. 15V + ON ONE TERM I NAL 
VELOC ITY F IJ..TER 0. 06V TO l4V - ON OTHER TERM I NAL 

e CHANNELTRON ® ELECTRON MULT I PL IER -3500V 
e COLD CATHODE ION GAUGE +4500V 

GROUND) 

JAN 68 5178. 12. 18 



12 

10 

� 8 
<( s 

' 

85 6 
s 0 a.. 

4 
2 

0 

··:.·.·:�6 0 :-.:·:::·:·:.·.·· 
. }" �OPER � (DAY OR 

��JQ�It 
x0x,xx xx>XX; 
UST , 

COVER · 

RJMQVAL' 

S I D E  POWER PRO F I LE  

SU RGE L IM ITER HOLDS 
TURN ON TRANS I ENT 
<13. 3W, < 45 M I LL I SEC 

I NTERM ITTENT 
(ON/OFF) 
HEATER 
0 ± 8 ° C  

DlYA�R } CONSTANT 
N IGHT ( SURV IVAL) 

STBY MODE HEATER 
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S I D E  T I E - DOWN AND RELEASE  
• S I DE ON SUB PALLET OF SUBPAC K 2 
• ASTRONAUT RELEASES 5 FASTENERS 

• 1 EXPER T I E-DOWN RELEASED BY 
ROTAT I NG GROUND  SCREEN TUBE 

• 4 EXPER T I E-DOWNS RELEASED BY 
US l NG UHT 

• CONNECTOR RELEASED BY US  lNG UHT 
• EXPER I MENT L I FTED US ING UHT I N  

HANDL ING SOC KET 
• CONNECTOR L I FTED BY LANYARD 
• ASTRONAUT DEPLOYS LEGS BY PU LL ING 

LANYARD 
• PLACES EXPER ON LUNAR SURFACE 

G ROUND  SC REEN TU BE 

HAN D L I N G  
S OC KET 

• PLUGS CONNECTOR I NTO CENTRAL STAT ION 
• REMOVES SCREEN FROM TU BE & DEPLOYS 

SCREEN 
• L I FTS EXPER 
• REMOVES CC I G  
• STANDS EXPER ON SCREEN 
• DEPLOYS CC IG (OFF SCREEN) 

CABLE LANYARD  
ATTACHED TO CABLE ���-���d� 
RELEASE P I N  
(LEG RELEASE P I N  
PU LLED B Y  LANYAR D 
ON OTHER S I DE) 

CONNECTOR TO BE 
MATED BY A STRONAUT 

BU B BLE 

SEPT 68 5 1 78. 12 .20 



S I D E  EMPLACEMENT CR ITER IA 
PARAMETER REQU I REMENT PR IOR ITY IND ICATOR COMMENTS 

D I STANCE FROM TO M I N I MI ZE 

SUBPACKAGE 1 55 ±5 FT 2 60 FT  CABLE I NTERFERENCE AT 
LSM LOCAT ION 

D I RECTION FROM 110° ±10° FROM TO OBTAI N  80 FT  
SUBPACKAGE 1 LSM ( I. E. , z7rfl 2 EYEBAll SEPARATION FROM 

0:: FROM LM) LSM & PREFER-
0 ABLY 100 FT .... 
u w S I TE SELECT ION SMOOTH 1 EYEBAll S U IT ABLE FOR .... SCREEN w 
a 

LEVEL, WRT I NTERACTS WITH 

IND ICATOR 5 ° OF HOR I Z  1 BUBBLE ALI GNMENT 

AL IGN, WRT THERMAL & SC 1-
S HADOW 10

° OF E-W 2 ARROW• ENT I FIC REQU I RE-
MENT 

w POS ITION OFF SCREEN, TO SAT I SFY ALI GN-
C) OPPOS ITE LM, 1 5 FT CABLE MENT REQU I RE-::l 
< 5 FT FROM DETECTOR MENTS 
C) ALIGN OR I FICE AWAY FROM (±90°) 
z 2rfl OF N OR S 2 PA I NT All SU BSYSTEMS, 0 - LM, SUN & EARTH 

EXPER I MENT HEAVY MAGNET IN ION GAGE I S  SH I ELDED. IT AND MAGNETIC F IELD OF DETECTOR 
I NTERRELATION MUST BE SEPARATED FROM LSM (0 I RECTI ON CR ITE R IA NOT PERTI NENT ON OTHER: 

EXPER IMENT COMB I NAT IONS) 

SPEC IAL •ARROW MUST PO I NT TOWARD SUBEARTH PO I NT (E OR W); HENCE, EXPER I MENT IS" 
REQUI REMENTS NOT B I D I RECTIONAL FINAL ALIGNMENT I S  BY SHADOWS ON LONG S I DES OF 

DETECTOR. 

SEPT 68 5 178. 1 2. 2 1  



S I D E  AL IGNMENT MARK I N GS 

... 

-�i, :� �A � .._____,-,ij 

DETECTORS 

• ARROW PO I NTS EAST OR WEST: (±5 ° )  
BUT TOWARD THE SU BEARTH PO I NT 

• DETECTOR S PO I NT AWAY FROM SU BEARTH PO I NT 

APR 69 5 178 . 12 .22 



S I D E  COMMANDS 

OCTAL CMD NUMBERS 

(]05 & UOI CC IG SEAL BREAK 

THIS CMO IC l-Oll CAUSES THE ONE TIME FUNCTION OF CC IG SEAL BREAK IT 
S IMULTANEOUSLY RESETS THE SIDE FRAME COUNTER AT lO !DESCRIBED LATERl. 

THIS CMD IS AN IRREVER S I BLE FUNCTION AND IS NECESSARYTO OBTA IN CC IG 

SCIENTIFIC DATA. TH IS CMD IS ALSO GENERATED BY THE DELAYED CMD SE

QUENCER IALSEP TIMER!. 

<107 & llOI SIDE DUST COVER GO 

THIS CMD ICI -021 CAUSES THE ONE TIME fUNCTION OF REMOVING THE SIDE 
DUST COVER. IT S IMULTANEOUSLY RESETS THE SIDE MASTER RESET IDESC R I BED 
LATER!. THIS CMD IS  AN IRREVERSIBLE FUNCTION AND IS  NECESSARY TO 
OSTAIN SIDE SCIENTIFIC DATA. THIS CMD IS ALSO GENERATED BY THE DELAYED 

CMD SEQUENCER IALSEP T IMERI. 

NOTE THE SIDE OUST COVER CAN BE REMOVED BY SENDING ANY CMD CONTAINING 
A 107 fOLLOWED BY UO !SIMI LARLY, SEAL BREAK lOS & llOI. 
HEATER C IRCU IT ATUOMATICALLY INTERRUPTED TO AVOID EXCESSIVE 

C URRENT DEMAND. 

1104 & llOI GROUND PLANE STEP PROG ON/OFF 

THIS CMD ICI-061 15  A 2-STATE CMD ION/Offl THAT CONTROLS THE OPERATION OF 
THE GROUND PLANE STEP PROGRAMMER. SIDE ACTIVATION PRESETS THE PRO

GRAMMER TO ON. THE GROUND PLANE VOLTAGE IS THEN STEPPED THROUGH 
TWENTY-FOUR LEVELS lONE LEVEUS IDE SEQUENCE!. TRANSMISS ION OF THIS CMD 

Will CAUSE THE STEP PROGRAMMER TO STOP AND HOLD A FIXED VOLTAGE. RE

TRANSMISSION W i ll START THE STEP PROGRAMMER AND DOES NOT RESET 
VOLTAGE LEVEL TO ZERO BUT CONTINUES TO STEP FROM THE PREVIOUS LEVEL 

(]05 & HOI RESET SIDE FRAME COUNTER AT 10 

THIS CMD IC 1·071 IS A MODE CMD. I IN ITIATION OF A MODE CMD CHANGES THE 
OPERATIONAL DATA FORMAT CHARACTERISTIC 51. UPON RECEIPT Of THE CMD, 
THE EXPERIMENT RESETS TO S IDE FRAME ZERO, THEN STEPS NORMALLY TO SIDE 

FRAME lO BEFORE RESETIING AGAIN TO ZERO. THE VELOC ITY fiLTER, H I GH AND 

LOW ENERGY CURVED PLATE ANALYZERS STEP THROUGH THE VALUES OBTAINED 
FOR THESE S IDE FRAMES IN THE NORMAL MODE Of OPERATION. THE GROUND 
PLANE VOLTAGE STEPS THROUGH THE NORMAL24 STEPS, ONE STEP PER II-FRAME 
SEQUENCE. 

<104, !05 & HOI RESET SIDE fRAME COUNTER AT 39 

THIS CMD I C !-1181 15 A MODE CMD. UPON RECEIPT OF THE CMD, THE EXPER IMENT 
OPERATES IN A S I MILAR FASHION TO THE RESET AT lO MODE EXCEPT THAT IT 

RESETS AT SIDE fRAME 39. 

1106 & 1101 RESET VELOC ITY FILTER COUNTER AT 9 

THIS CMD ICI-091 IS A MODE CMD. THE EXPERIMENT, IN THIS MODE, EXECUTES 

THE NORMAL 12B SIDE FRAME SEQUENCE. HOWEVER, THE VELOCITY fiLTER VOL

TAGE ONLY EXECUTES lHE fiRST lO Of ITS NORMAL 2D·STEP PROGRAM. THAT IS,  
AT S I DE FRAME 10,  INSTEAD Of COMPLETING lHE 20 STEPS, THE VELOC ITY FILTER 
ASSUMES THE VALUE Of S I DE FRAME 20 IN THE NORMAL MODE. SIMILARLY AT 

S IDE FRAME 20, THE FILTER ADOPTS THE NORMAL MODE VALUE OF SIDE FRAME 40. 
THIS OPERATION CONTINUES FOR THE COMPLETE 12B SlOE FRAMES. THE LOW 
ENERGY CURVED PLATE ANALYZER, INSTEAD Of MAINTAINING ITS VALUE FOR 

20 SIDE FRAMES, STEPS TO THE NEXT VALUE EVERY 10 S I DE FRAMES. THIS MEANS 
THAT THE PROGRAM fROM SIDE FRAME 60 TO ll9 IS A REPETITION OF 0 TO 59. 

1104, 106 & llOI RESET SIDE FRAME COUNTER AT 79 

THIS CMD IC HOI IS A MODE CMD. UPON RECE I PT OF THE CMO, THE EXPERIMENT 
OPERATES IN A SIMILAR FASHION TO THE RESET AT lO MODE EXCEPT THAT IT 

RESETS AT S IDE FRAME 79. 

1105, 106 & llOI RESET FRAME CNTR AT 79 & FILTER CNTR AT 9 

THIS CMD ICI-111 15  A MODE CMD. UPON RECEIPT OF THE CMO, THE EXPERIMENT 

PERFORMS PROGRAM OF RESET VELOC ITY FILTER COUNTER AT 9, BUT THE PRO

GRAM STOPS AT S IDE FRAME 79 AND REPEATS. 

THE PROGRAM STEPS FOR OTHER VOLTAGES AND DATA COMMUTATION ARE 

NORMAL UP TO SlOE FRAME 79. 

1104, 105, 106 & llOI X10 ACCUMULATION INTERVAL ON/OFF 

THIS CMD I C H21 1S A 2-STATE CMO. REPEATED TRANSMISSION CHANGES THE 
ACCUMULATION PERIOD OF THE HE CPA & LECPA SCIENCE DATA BACK & FORTH 

BETWEEN �1. 2 SEC & �12 SEC. IN THE XlO SETIING, THE S I D E  FRAME COUNTER & 
ASSOC IATED COMMUTATEO ENGINEERING DATA ARE REPEATED 10 TIMES WHILE 

THE SCIENCE DATA READS PROGRESSIVE ACCUMULATIONS Of PULSES. AFTER 
10 REPETITIONS AT A PARTICULAR SETIING, THE PROGRAM ADVANCES TO THE 
SETIINGS OF THE NEXT SIDE FRAME NUMBER. 

THE XIO ACCUMULATION MODE CAN BE USED WITH ANY Of THE COUNTER RESET 
DATA MODES. 

(]07 & llOI MASTER RESET 

THIS CMO ICH31 1S A MODE CMO. UPON RECEIPT Of THE CMO, lHE EXPERI· 
MENT W ILL RETURN TO THE NORMAL OPERATIONAL MODE AS FOLLOWS, 

o REMOVE All SHORT SEQUENCES 

o RESET S IDE FRAME COUNTER I INC HECPA, LECPA & VELOC ITY 

fiLTER COUNTERS! 

NOTE, THIS DOES NOT D I STURB ANY ON/Off CMDs IHV OR STEPPERS INC 

GROUND PLANE! OR XIO ACCUMULATION INTTRVAL 

1104, !07 & UOI VELOC ITY FILTER VOLTAGE ON/OFF 

THIS CMD ICI-141 15  A 2-STATE CMD. REPEATED TRANSMISS ION TURNS 
ON & OFFTHE POWER SUPPLY FOR VELOCITY FILTER STEPS. 

1 105,107 & llOJ LECPA H I GH VOLTAGE ON/OFF 

THIS CMO IC HSI IS A 2-STATE CMD. REPEATED TRANSMISSION TURNS 

ON & OFF THE POWER SUPPLY FOR LECPA STEPS. 

1104, 1115, 107 & HOI HECPA HIGH VOLTAGE ON/OFF 

THIS CMD ICI-161 IS A 2-STATE CMD. REPEATED TRANSMISSION TURNS 

ON & OFF THE POWER SUPPLY FOR HECPA STEPS. 

1 106, 101, & 1101 fORCE CONTINUOUS CAll BRATION 

lHI S  CMD ICH71 IS A MODE CMD. UPON RECEIPT OFTHIS CMD, THE SIDE 
fRAME COUNTER I S  RESET TO 120 AETER WHICH IT STEPS FROM 120 lHROUGH 

l27 1 1N THE NORMAL SEQUENCE) AND REPEATS 120·127 UNTIL TRANSMISSION 

Of SOME OTHER CMO. THESE STEPS CONTAIN ALL OF THE CALIBRATION PRO
GRAMS: HENCE, lHERE IS NO ENG OR SCI DATA I EXCEPT CCJG SCI  I. 

1104, 106, 1D7 & 11DI CCIG H IGH VOLTAGE ON/OFF 

THIS CMD ICI-181 IS A 2-STATE CMD. REPEATED TRANSMISS ION TURNS ON 
& Off lHE POWER SUPPLY fOR lHE CCIG SENSOR. IN lHE OFF CONDITION, 
THERE IS NO CCIG SCIENTIFIC DATA OUTPUT. 

1105, 106, 107 & 1101 CHANNELTRON H I GH VOLTAGE ON/Off 

:1! ��F

D

T�E
I ;�� ��� ���S��E���p:�;E���::��!::�Cr�� �RNS 

ELECTRON MULTIPLIERS OF HECPA & LECPA: THUS, IN lHE OFF CONDITION 
lHERE IS NO ION DETECTOR SCIENTIFIC DATA. 

1104, 105, 106, 107 & HOI RESET COMMAND INPUT REGISTER 

THIS CMO IC I-201 IS USED TO CLEAR THE CMD REGISTER Of ANY CMD 

AWAITING EXECUTION. If A FAULTY CMO IS ENTTREO IN lHE REGISTER, 
THE MISSING SIDE LOAD CMOS ARE TRANSMiffiD FOLWWED BY SlOE 
EXECUTE I OCTAL HOI. ACTUATES ONE-TIME CMOs I F  lHEY HAVE NOT 

BEEN COMPLETED PREVIOUSLY. 
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S I D E  DATA FORMAT 

t,. 1 S I DE CYCLE = 24 S I DE SEQUENCES = 371 1  SEC (NORMAL) " I  
I r1 2 I 3 1 4 1 5 1 6 1 1 I s I 9 1 10 l n l 12 l n l 14 l 15 1 16 l 11 1 1s l 19 1 2o I 2I! 22 1 23 1 24 1 

S IDE  SEQUENCES D I FFER 
ONLY I N  GROUND PLANE VOLTS 

FULL S I DE CYCLE { 10. 3 HR (ALSEP N B R) 

FOR X10 ACCUM = 20. 6 HR (ALSEP LBR) 

ALS E P  
S I DE FRAME = 1 0  S I DE WORD S = 2 ALSEP FRAMES � l. 2  SEC WOR D  

EVEN ALSEP FRAME • I •  ODD ALSEP FRAME ----t �� 
31 47 56 63 15 31 47 56 63 

'( 

bl 1 2 1 3 1 4 1 5 1 6 1 7 1 s 1 9 l w  
LEC PA STEPPER C HANGE PO I NT L HEC PA STEPPER CHANGE PO I NT I Ill� 1� 

HECPA '\ LEC PA SC I DATA 

HEC PA SC I DATA LEC PA 

STE PPER VOLTS 
STEP PER VOLTS 

ANALOG SU B-COM (32 PARAM-
VELOC ITY F I LTER 

HERS & CC IG SC 1 DATA) 
STE P PER VOLTS 

PA R I TY, EVEN FRAME ID ,  
PAR ITY, ODD FRAME I D, 

S I DE FRAME COUNTER 
D I G ITAL S U B-COM APR 69 5 178. 12 .24 



875 

� d 
> 0. 1t 

S I D E  DATA MODES 

8. 1 \ 2. 7 ' 0. 9 0. 3 
LECPA 

0. 1 0 

29 VOLTAGE LEVELS 29 

I NOT TO SCALE VELOC ITY F l  LTER 

10 1- 20 STEPS � : �OGAR ITHMI Cl 

> I 3. 22 
1. 86 1. 0 � 

0. 360 0. 208 0. 120 

C l -09 1 0-9 1 10-19 1 1 20-29 1 1 30-39 1 I 40-49 1 � 
VELOC ITY F I LTER RESET AT 9 MODE (AFFECTS LEC PA B UT NOT HECPAl REPEAT 60- 1 19 

C l -07 ( 0-10 I RESET S I DE FRAME COU NTER AT 10 FORCE CONT I N UO U S  CAL, C l -17 1 CAL I 
C l -08 10 391 RESET S I DE FRAME COUNTER AT 39 

C 1 -10 r..;l O� ___ .;.;,;RE;;.;;.S..;;.;ET.;.;,;S;..;.I.;..;DE;..;.F..;.;RA;..;;.M.;.;,;E;...;C;.,;;O..;;..UN;.;..;T..;;.ER;.;..A;....T.;.;,;7..;..9 _........;7...;..191 
0 � 40 00 � 

S I DE FRAME COUNTER REA D I NG 

C l -11  (COM B I NE C l -09) 

100 120 127 
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S I D E  DATA WORD  STRU CTURE  

I p I o I o I 26 I 25 I 24 l 23 1 22 I 21 I 2° I 1 15 1 '--v--' \_ S I DE FRAME NUMBER 
EVEN FRAME I D  (00) 

PAR ITY
{ 1 , 1 F O DD ONES } I N PREV IOUS 

0, I F  EVEN ONES 50 B ITS 

t 
ALSEP 
WORD 

PAR lTV ( SEE S I DE WORD 1 ) 
NUTE R  

I o I o I 2 7 I 26 1 25 I 24 1 23 I 22 I 21 I 2° I 2 31 1 I o I o I 2 7 I 26 I 25 I 24 I 23 1 22 I 21 I 2° I 
"-- WORD WOR D STEPPER VOLTS 

F I LLER B ITS NUMBER NUMBER F I LLER B ITS 

� ANALOG S UB-COM S itE j stDE
�\_ VELOC ITY F I LTER 

,-----,-..,----.--r--.--.----r---r-----.- --, t t 
I o I o I 27 l 26 I 25 I 24 l 23 1 22 I 21 l 2° I 3 47 8 I o I o I 27 1 26 1 25 l 24 l 23 1 22 l 21 l 2° I 
'-,r--J 

I 
EVEN ODD 

I 
-.,.-.... 

\ HECPA STEPPER VOLTS FRAME FRAME \ LECPA STEPPER VOLTS 

F I LLER B ITS F ILLER B ITS 

1 29 1 28 1 27 1 26 1 25 1 24 1 23 1 22 1 21 1 2o I 4 56 9 .-1 2--,9 1-2s-.l-27-.l-26--rl-25,..1-24...,1 -23...-l 2-2.-1 2-1 .-1 2--,o I 
HECPA sc I DATA I I l LECPA sc I DATA 
MOST S I GN I F ICANT (MHEl MOST S I GNI FICANT (MLEl 
TRUNCATED TO 999 MAX TRUNCATED TO 999 MAX 

I 29 1 28 1 27 I 26 1 25 1 24 1 23 1 22 I 21 I 2o I 5 63 10 I 2
9 1 28 1 27 1 26 1 25 1 24 1 23 1 22 I 21 1 2o I 

HECPA SC I DATA 
LEAST S I GNI FI CANT ( LHEl 

TRUNCATED TO 999 MAX 

LEC PA SC I DATA 
LEAST S I GN I F l  CANT ( LLEl 
TRUNCATED TO 999 MAX 

JAN 68 5 178. 1 2 .26 



0 
+5V SU PPLY 
+4. 5 KV 
+60 VOLTS 
RANGE I D  
+5V SUPPLY 
+4. 5 KV 
+60 VOLTS 
RANGE I D  
+5V SUPPLY 
+4. 5 KV 
+60 VOLTS 
RANGE I D  
+5V SUPPLY 
+4. 5 KV 
+60 VOLTS 
RANGE I D  
120 

S IDE  ANALO G COMMUTAT ION 

CC I G  SC I CC I G  TEMP CC I G SC I 
CC I G  SC I RANGE I D  I S I DE 4 TEMP 
+30 VOLTS S I DEI D +5V GND VOLTS 
ADC +30MV ADC + REF ADC +1. OV 
0/T CMD CC I G  TEMP 0/T CMD 
CC I G  SC I RANGE I D  S I DE 4 TEMP 

. +30 VOLTS S I DEI D +5V GND VOLTS 
ADC +30MV ADC + REF ADC +l. OV 
PRE/ REG % CC I G  TEMP CVRI SEAL 
CC I G  SC I RANGE I D  S I DE 4 TEMP 
+30 VOLTS S I DEI D +5V GND VOLTS 
ADC +30MV ADC + REF ADC +l. OV 
0/T CMD CC I G  TEMP 0/T CMD 
CC I G  SC I RANGE I D  S I DE 4 TEMP 
+30 VOLTS S I DEI D +5V GND VOLTS 
CC IG SC I 

S I DE 2 TEMP CC I G  SC I 
S I DE 5 TEMP GND PLANE 
-5 VOLTS -30 VOLTS 
ADC +12V GND PLANE 
S I DE 2 TEMP ADC - l. OV 
S I DE 5 TEMP GND PLANE 
-5 VOLTS -30 VOLTS 
ADC + 12V GND PLANE 
S I DE 2 TEMP GND PLANE 
S I DE 5 TEMP GND PLANE 
-5 VOLTS -30 VOLTS 
ADC +12V GND PLANE 
S I DE 2 TEMP ADC -1. OV 
S I DE 5 TEMP GND PLANE 
-5 VOLTS -30 VOLTS 

S I DE 3 TEMP 
S I DE CVR 
S I DE 6 TEMP 
ADC - REF 
S I DE 3 TEMP 
ADC -30MV 
S I DE 6 TEMP 
ADC - REF 
S I DE 3 TEMP 
S I DE CVR 
S I DE 6 TEMP 
ADC - REF 
S I DE 3 TEMP 
ADC -30MV 
S I DE 6 TEMP 

7 
CC I G  SC I 
GND PLANE 
-3. 5 KV 
GND PLANE 
ADC -12V I 
GND PLANE 
-3. 5 KV 
GND PLANE 
CVRISEAL 
GND PLANEJ 
-3. 5 KV 
GND PLANE 
ADC -12V 
GND PLANE 
-3. 5 KV 

127 

� ST 
AT 
39 

�s T 
AT 
79 
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S I D E  D I G ITAL  C OMMUTATIO N  

0 GND PL I D  CMD REG GND PL I D  MODE REG GND PL I D  C MD REG GND PL I D  
RANGE I D  I 
CMD REG 
RANGE I D  
CMD REG 
RANGE I D  
CMD REG 
RANGE I D  
CMD REG 
RANGE I D  
CMD REG 
RANGE I D  
CMD REG 
RANGE I D  
CMD REG 

120 CAL RTl I D  CAL RT2 I D  CAL RT3 I D  CAL RT4 I D  CAL RTl I D  CAL RT3 I D  

CVR/ SEAL 
MODE REG 

CVR/ SEALJ 
MODE REG 

CVRISEAL 
MODE REGI 

CVRISEAL 
MODE REG 

t 
CAL RT4 I D  

7 

IT 

IT 

RST 
AT 39 

RST 
AT 79 

127 
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D l -01 S I DE FRAME CNTR D l -17 
D 1-02 S I DE/A +5V SU PPLY D l -18 
D l -03 CCGE SC I DATA D l -19 
D l -04 S I DE CC I G DEG C D l -20 
D l -05 S I DE 2 DEG C D 1 -21 
D l -06 S I DE 3 DEG C D l -22 
D l -07 CCGE 4. 5KV SU PPLY D l -23 
D 1-08 CCGE/ A RANGE I D D l -24 
D l -09 S I DE 4 DEG C D l -25 
D 1 -10 S I DE 5 DEG C D l -26 
D I -ll GND PLANE VOLTS D l -27 
D 1 -12 S I DE CVR CELL IND D l -28 
D l -13 S I DE +60V SUPPLY D l -29 
Dl-14 S I DE +30V SU PPLY D l -30 
D 1 -15 S I DE/ D +5V SUP PLY DF-29 
D 1-16 S I DE GND VOLTS 

D I G ITAL " F I LL" DATA 
STBY, ALL ZEROS 

OFF, ALL ONES 

S I DE  DATA SUMMARY 

S I DE -5V SUPPLY D 1 -<10 } 
S I DE -30V SUPPLY th rough HECPA STEP VOLTS 
S I DE 6 DEG C D l -60 
S IDE 3. 5 KV SUPPLY D l -61 S I DEIMHE S C I  C NTS 
S I DE ADC +l. OV D l -62 S I DEILHE SC I C NTS 
S I DE ADC +30 MV D l -63 GND PL STEP I D  
S I DE ADC POS REF D l -64 S I DE CMD REG LOAD 
S I DE/A CVR/ S STA D l -65 S I DE MODE REG STA 
S I DE ADC NEG REF D 1 -66 S I DEID CVR/S STA 
S I DE ADC -l. OV D l -67 CCGEID RANGE I D  
S IDE ADC -12V D l -68 S I DE CAL RT l i D 
S I DE ADC +12V D l -69 S I DE CAL RT 2 I D 
S I DE PRE/ REG PCT D l -70 S I DE CAL RT 3 I D 
S I DE ADC -30MV D 1 -71 S I DE CAL RT 4 I D  
S I DE 0/T CMD LOAD 

A l -01 S I DElLE CNT RT 
A l -02 S I DE/HE CNT RT 

D l -72 } 
th rough 
D l -99 
DJ-00 } S I DE V/F I  LT VOLTS 

th rough 
DJ-97 
DJ-98 } l 
DJ-99 
DF-00 LECPA STEP VOLTS 

th rough } 
D F-04 
DF-05 
D F-06 
DF-07 
DF-08 

S I DEIMLE SC I C NTS 
S I DEILLE SC I C NTS 
S I DE PAR ITY B I T  
S I DE FRAME I D  

. APR 69 5 1 78 . 1 2. 29 





H EAT ·FLOW EXPER IMENT 
PROBE PACKAGE 
CABLE TRAY 

ELECTRON ICS 
PAC KAGE 

I 

CABLE BRACKET 
MASK REFLECTOR REMOVED DUR l NG 

DEPLOYMENT 

• COMPONENTS & FUNCT I ONS 

• DEPLOYMENT 

• COMMAND S  & DATA 

PROBE CARRY ING PACKAGE 
(CONTA I NS 2 PROBES & 
EMPLACEMENT TOOU 

\ 

LENGTH W I DTH 
ELECTRON ICS  10 8 
PAC KAGE 
PROBE 

25. 5 
PACKAGE 3. 5 

HE IGHT 

7. 5 

5 
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I I I I I I 
I I I I !�! 
I ...!......._ 
! I I I 
I 1 1 I 
I I 1 I 
I I I I 
I I I I 
I I I I 

H F E  S I Z E  AND WE I GHT 

COMPONENT S IZE, I N. 

SUNS H I ELD 10 X 6 X 4 

THERMAL PLATE 10 X 8 X 0. 08 

ELECTRON ICS  9 X 7 X 2. 07 

P RO B E  PAC KAGE 25. 5 X 4. 5 X 3. 5 

1 D IA x 43 LONG 

TOOL 88 LONG 
( FULLY EXTENDED) 

- THERMAL BAG 9. 5 X 7. 5 X 2. 57 

I NS U LAT I NG R lNG lO X 8 X 0, 4 

OUTER CASE lO X 8 X 3. 5 

LEGS (4) 0. 75 X 0. 75 

CA BLE REEL 
S U PPORT, ETC. 

CA BLE REEL 2. 57 D l A x 2. 6 LONG 

SCREW S ,  WASHER S ,  
ETC. 

TOTAL 

EARTH WT, LB 

• 37 

. 40 

3. 30 

3. 67 

. 30 

. 57 

. 46  

. 16 

. 23 

. 16 

. 08 

9. 70 
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LUNAR 
SU RFACE 

SENSOR 
(4/ PROBE 

GRAD l ENT 
SENSOR 
( I NS I DE) 
4 / PROBE 

HEATER 
CO I LS 
(OUTS I DE) 

PROBE STOP 

H FE PROBE  D ETA I LS  

RAD IAT I ON 
TO ELECTRON I CS 

THERMOCOU PLES 
(4) 25. 6, 45. 3, 

RAD IAT I ON & 65. 0 I N. 
SH I ELD ABOVE 

PROBE 

SPR l NG 

APR 69 5 1 78 . 1 3 .3 



DSS � 

HFE  FUNCT IONAL D IAGRAM 
-0 CMD ClO 

(OCTAL 152) 

FRAME MARK MEASUREMENT 90TH FRAME MARK INPUT SEQUENCE <> C MDs C4-C9 BUFFER PROGRAMMER 

<> CMDs C 1-C3 

( 135, 136, 140) ' 
COMMAND 
DECODER 29V OPER J, 

IDC/DC CONV ALL 
C I RCU ITS � 

SUBSEQUENCE 
____., ELECTRON ICS PROGRAMMER 29V STBY PACKAGE 

HEATERS 

DEMAND PULSE 
SH IFT PtJLSE 
D IG ITAL DATA 

ANALOG DATA (6 L I NES) 

r HEATER sEQUENcE I -� PROGRAMMER 
+ 

I HEATER SELECT I RTN 
SW ITCH I 

r PROBE HEATER L PWR -� CURRENT SUPPLY) 

} PROBE 
HEATERS 

2 MULT I:LEl<ER I--r DATA 1 AMPL IFI ER 
+ 

13- B IT J yl. AID CONVERTER 
+ 

I OUTPUT SH IFT I 1 REG I STER l�uLsE ,I POWER SUPPLY 
+ I EXC ITATION I l SEL SW J 

LOW 
LEVE L 

TS INPU 

-

PWR } PROBE 
SENSORS 

DEC 68 5 178. 13 .4 



MEASU RE

MENT 

S EQUENCES 

B R I DGE 

SEN S O R S  

HEATERS 

HFE  MODES O F  OP ERAT ION 

A. FU LL (ALL MEA S )  SAME A S  
1---

P
-

R
_
O

_
B

_
E _l ___ ..... G RAD I ENT 

B. 
P ROBE 2 
D I FFE R ENT I A L  

TEMP (H I 

EXC I TAT ION)  
.. 

C. D I FFE R ENT I AL 

TEMP ( LO 

EXC I TAT I O N )  

A M B  l ENT TEMP 

REF JUNCT I O N  

TEMP & C A B LE 

THERMOCOU P LE S  

D. COMB I NAT I ON S  O F  

B & C  

G RAD l ENT 

NONE 

G RAD l ENT 

R I NG SOU RCE 

D I FFERENT I AL 

& AMB I ENT 

TEMP FOR 

ONE B R I DGE 

( DE PE N D  l NG 

ON SELECTED 

HEATER )  

R l NG ( O R  

" REMOTE") 

HEAT P U LSE 

'"
THESE MODES 

U SED PR I MAR I LY 

FOR TESTS 

APR 69 5 178 . 1 3.5 



CMD 
HFE 
C 1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 

HFE COMMAND SUMMARY 

NUMBERS 
OCTAL 
135 
136 
140 
141 
142 
143 
144 
145 
146 
152 

H FE MODE/G SEL •> 
H FE MODE/ LK SEL I N IT IAL I ZED TO 
HFE MODE/ HK SEL THESE COND IT IONS 
HFE SEQ/ FU L SEL * AT POWER TU RN-ON 
H FE SEQ/ P 1 SEL 
H FE SEQ/ P2 SEL 
H FE LOAD 1 MEASU REMENT 
H FE LOAD 2 SELECT 
HFE LOAD 3 ( ENCODED) 
H FE HTR STEPS 

I NPUT BU FFER HOLD S COMMANDS FOR EXECUT ION AT 90- FRAME MARK 

DEC 68 5 178. 13 .6 



HFE  D I G ITAL  D ATA FORMAT 
1 •  ALSEP FRAME 90 , 8 ,... , ,.. 1 , 9 ... I I R2 j Rl j o I P 4 1 P3 j P 2 1 Pl j 2I2 j 2n j2IO 1 29 j 2s j 27 1 26 j .p l z4 l z3 j zz j 21 j zo I 
I (00) I ' / : : MEASUREMENT ( SEQUENCE) REG I STER 
1 � 2 , 10 3, 1 1 • I 
I Rz l R Ij M I I Mz j M3 1 o I o lzl2 1 zl l l zlO 1 2  9 1 zs jzr l z6 l z5 1 24 1 z3 l z2 j zq zo I 
I (01) 1 '  V ' 
: : MODE REG I STER HFE SC I ENCE DATA (TYP ICAL) 
1"'11( : 4, 12 5 , 13 ,. I  
I Rz l  Rl l H4 1  H3 1 Hz I HI I o lzl2 1 211 1 zlO i z9 l zB i z7 1 26 1 -P 1 24 1 23 1 22 1 zl j 2o I 
: nm � '

coNDUCT IV nv I I -

1... : HEATER REG I STER 6 , 14 ... 1 � 7 , 15 ... I 
I R 2 1  R d o I o I o I o I o 1 212 1 zl ll zl o 1 2 9 1 zB i z 7 1 26 1 -P jt 1 23 1 z2 l zl l zo I 
1, ( 1 1) ) ' ·� suBSEQUENCE REG I STER (WORD I D ) oec 6s 5 178 - 1 3.7 



HFE MODE REG ISTER 

THE MODE REG I STER I S  PART O F  THE HFE CMD DECODER AND RES PONDS TO 
CMDs 135 , 136 AND 140. THE STATE OF TH I S  REG I STER I S  READ OUT V I A  TM 

OCTAL ABBR HFE MODE TM (M1M2M3) 
135 MODE/G MODE 1 NORMAL G RAD l ENT 100 
136 MODE/ LK MODE 2 LOW CONDUCT IV ITY 010 
140 MODE/ HK MODE 3 H I GH CONDUCT IV ITY 001 

THE MODE SELECTED BY CMD AFFECTS THE DATA AS FOLLOWS: 
MODE/G AND MODE/ LK HAVE I DENT I CAL TM ( FORMATTED BY THE MEASU REMENT 
SEQUENCE PROGRAMMER AND SU BSEQUENCE PROGRAMMER) BUT I N  MODE/ LK 
THE PROBE HEATER CU RRENT SU P PLY I S  TU RNED ON AND HEATERS RES POND 
TO CMD 152. 
MODE/HK BYPASSES THE MEASUREMENT SEQUENCE PROGRAMMER AND PRODUCES 
A SPEC IAL TM OUTPUT FORMATTED BY THE SU B SEQUENCE PROGRAMMER AND 
HEATER SEQUENCE PROGRAMMER. 

DEC 68 5 1 78. 1 3.8 



H F E  GRAD I ENT M EASUREMENT O PT I ONS 

CMDs & -135 135 135 135 135 135 135 135 i35 135 l35 135 .135 135 135 
ORDER 141 141 141 141 141 142 142 142 142 142 143 143 143 143 143 OCTAL) - 144 144 - 144 - 144 144 - 144 - 144 144 144 

MEAS- 145 145 145 145 145 145 
UREMENT 146 146 - - 146 146 - - 146 146 
GDT11H 
GDT12H 

:-:·:·:· !1!1!1!1!l!1!1!1!lllWl1111��� I NOTE: GRAD lENT MODE S HOWN l 
GDT21H 
GDT22H 
GDT11L  
GDT12L 
GDT21L 
GDT22L j� 

!� SEQ! 180 FRAME 
I 
lllllllllllllllllllli' llllllllllll 

1-----� 
GT11  15: i >  I} 16 OUT OF 

GT21 I� J ::1: [1[1 
..... -

GT

-

12 __ _..1�� 90 FRAMES 

GT22 !:.; 360 FRAME :,:, [�����l 
REF Tl mill-lt@��iillf=lffiiit�:�: REP �ATE +.::fr:::::::::::::::l:ll:l:l m+-j -9-+0 ::::::::

FR
::::::::
AM

:q...
E--+---4-�� 

Tc 1A I s I c I D no FRAME ���I--Jillfml::�:,: -+-�rmlliilllmltt�:lt:: �-�RE�P � RA· .L�--l-�LJ__J 
REF T2 lJREP �A· � 
TC2A. B. c .  D I :;:;:;:; 

DEC 68 5 178 . 13 .9 



HFE  M EASUREMENT SEQU ENC E  PROGRAMM ER 

THE MEASU REMENT SEQUENCE PROGRAMMER (MS P) I S A 16-STATE B I NARY 
COUNTER US l NG 4 FL I P- FLOPS. ITS OPERAT ION CAN BE MOD I F l ED BY CMD 
TO PERFORM 8-STATE, 4-STATE, AND 2-STATE PROGRAMS. THE FL I P- FLOPS 
HAVE DUAL FUNCT IONS: 

e FORMAT HFE DATA BY CONTROLL I NG GATES TO THE OUTPUT REG I STER 
e SUPPLY MSP STATU S DATA FOR TM ( P- B I TS ) 

NOTE THAT EXECUT ION OF A MEASU REMENT CMD ( 141 THROUGH 146) DOES NOT 
RESET MSP. O PERAT ION CONT I NUES FROM P REV IOU S STATE. 

I N  D IAG RAM, THE SET (5 ) AND C LEAR (C ) POS I T I ON S O F THE FL I P- FLOP S 
CORRES POND TO ONE AND ZERO I N THE TM. 

DEC 68 5 1 78. 13. 10 



"t 
I 

( C5 )  

( C6) 

(C4) 

( C7) 

(C8) 

( C9) 

HFE MSP D IAGRAM 
00 DTH 
01 DTL 
10 T 
1 1  TC 

A 

0 
1 ' 

tTM 
I 
! OUTPUT 

p
3 

ADV 

PROBE 1 
P RO BE 2 

+ 
I 
I 

0 

1 

U PPER 
S ECT ION 

LOWER 
SECT I ON 

t 
I 

,___----___, 90 + 8 FRAMES 

ADVANCE 
PU LSES 

....__ __ __, 90- FRAME 
--�:::;--, MAR K  

NORMAL 
.._+---t BYPASS 

1 

0 L----+---t--� 

NOR MA L  
B YPAS S 

1 1---------l 
B YPAS S  P 4 P3 

0 

BYPA S S  P2 

NOTE -

S ET, S = 1 
C LEAR ,  C = 0 

APR 69 5 178. 1 3 . 1 1  



HFE SU BSEQUENCE PROGRAMMER 
THE SU BSEQUENCE PROGRAMMER I S  A 4-STATE COUNTER HAV I NG 
DUAL FUNCT I ON S: 

• CONTROL GAT I NG OF DATA, W I TH I N A SUBSET, TO THE OUTPUT REG I STER : 
(WHERE THE TYPE OF SU BSET I S  CONTROLLED BY THE MS P) 

• SUPPLY SU BSEQUENCE REG I STER STATUS DATA FOR TM ( R - B ITS ) 
THE STATE OF R2 R 1 C HANGES EVERY 
OTHER ALSEP FRAME (ONE 10- B IT WOR D  
O F  HFE DATA I N  EACH ALSEP FRAME) 
START ING W I TH A RESET AT THE 90-FRAME 
MAR K  
THE TRANS IT ION FROM 11 TO 00 
BETWEEN 7 AND 8 MAR KS THE 
90 + 8 FRAME. TH I S  ADVANCES P 1 
FROM ZERO TO ONE 

R2 R1 ALSEP FRAME NO 

00 90, 1 8, 9 
01 2 , 3 10, 1 1 
10 4, 5  12, 13 
11 6 , 7 14, 15 

R2 R 1 READ OUT AS F I R ST TWO B ITS I N  
EVEN NUMBERED ALSEP FRAME 

FROM ALSEP FRAME 16 TO 89 THERE I S  NO HFE DATA AND REG I STER C HANGES ARE 
I NH I B ITED DEC 68 5 178. 1 3 . 1 2  



'\ 

HFE  T IM ING  FUNCT IONS  

MODE/ G = GRAD I ENT 
(HEAT FLOW FROM 
CENTER TO SURFACEl 

t 
TEMP GRAD IENT 
H I  SENS ITIVITY 

t t 
(()()()()) I (()010) I GDTllH GDT21H 

I (()001) I I (0011) I GDT12H GDT22H 

t 
4 HFE WORDS 

SUBSEQUENCE 
REG ISTER ( R2 R1l 

I t ' t 
(0()) (()1) (l(}) 
+ BR IDGE +BR I DGE -BR lOGE 
EXC ITATION OUTPUT EXC ITATION 

8 ALSEP WORDS 
v 

ALSEP FRAME 1-8 
(1 WORD/FRAME) 

MODE 
MODE REGI STER (M1 M2 M3) 

MODE/LK = LOW CONDUCTIVITY 
(10(}) MODE/HK = H I GH CONDUCT IV ITY (010) I (001) MODE/G MODE/LK MODEIHK (0 I FFERENT HEAT PUlSES & SENSOR 

COMBINATIONS COORD INATED BY 

I SEQUENCE 1 INTERNAL LOG IC) 
I SEQUENCE REGISTER ( P4 P3 P2 P1 ) I 

I t 
TEMP GRADIENT 
LOW SENS ITI V I TY 
(0100) TO (()lll) 

/ 
/ 

t / 
( 11) 18�19(271-286 -BRI DGE 
OUTPUT 99-106 

I' 91-98 
9-16 

t t 
PROBE AMB I ENT THERMOCOUPLES 
TEMP & REF JUNCTIONS 
( 1000) TO ( 1011) ( 1100) TO (llll) 

541-55�31-646 
/ ,; 

/ 
/ ,; ,; 

/ 
/ 

/ REP RATE = / 720 ALSEP FRAMES / 

\/ , "'  = 434. 7  SEC 
361-376, 451-466 = 7. 25 min 

/ 
/ 

NOTE: 4 HFE WORDS 
HAVE D I FFE RENT 
DEFIN ITIONS FOR 
0100 THROUGH 1lll 

DEC 68 5 178. 13 . 13 



HFE  GRAD I ENT M EASUREMENT IN DEX  
DATA PROBE/ EXC ITAT ION ( R2 R1l SUBSET DATA SYMBOL ABBR  P-B  ITS SOU RCE B R I DGE ( SEN S IT IV ITY) 

DH-01 GOT 11H 0000 1/U PPER l f (00) + B R I DGE EXC ITAT ION 
DH-02 GOT 12H 0001 1/LOWER H IG H  (01) + B R I DGE OUTPUT 

DH-03 GOT 21H 0010 D I FFER- 2/U P PER J VOLTAGE l ( 10) - B R I DGE EXC ITAT ION 
DH-04 GOT 22H 0011 ENT IAL 2/LOWER ( 11) - B R I DGE OUTPUT 

DH-05 GOT 11L 0100 B R I DGE 1/U PPER :I f (00) + B R I DGE CURRENT 
DH-06 GOT 12L 0101 GRAD lENT 1/LOWER LOW (01) + B R I DGE OUTPUT 

DH-07 GOT 21L 0110 SENSORS) 2/U PPER J VOLTAGE ( 10) - BR lOGE CURRENT 
DH-08 GOT 22L 0111 2/LOWER (11)  - B R I DGE OUTPUT 

DH-09 GT 11  1000 1/U PPER l (00) + B R I DGE EXC ITAT I ON 
DH-10 GT 12 100 1 1/LOWER H IGH 101) + B R I DGE CURRENT 

DH-11 GT 21 1010 ( RES I S - 2/U PPER VOLTAGE J 1 10l - B R I DGE EXC ITATION 
DH-12 GT 22 1011 TANCE) 2/LOWER (11) - B R I DGE CU RRENT 

DH-13 REF T1 1100 REF JUNCT ION BR HV SAME AS DH-01 TO DH-04 

DH-14 THERMOCOUP LES IN  (00) REF Tl-TC1 (4) ( 1) I S  AT 
DH-24 TC1 GROU P 1101 CABLE OF PROBE 1 (01) TC1 (4)-TC1 (1)  TOP AND 
DH-34 WRT REF Tl ( 10) TC1 (4)-TC 1 (2) (4) I S  AT 
DH-44 (11)  TC1 (4)- TC1 ( 3) BOTTOM 

DH-15 REF T2 1110 SAME AS DH-13 HV SAME AS DH-01 TO D H-04 

DH-16 THERMOCOUPLES IN (00) REF T2-TC2 (4) ( l) I S AT 
DH-26 TC2 GROU P 1111  CABLE OF PROBE 2 (01) TC2 (4)-TC2 ( 1) TOP AND 
DH-46 WRT REF T2 ( 10) TC2 (4J-TC2 (2) (4) I S  AT 
DH-66 ( 11) TC2 (4)-TC2 (3) BOTTOM 

DEC 68 5 178. 1 3. 14 



HFE  H EATER SEQUENCE  PROGRAMMER 

�---C_M_D __ C_lO_H_F_E _H_TR __ ST_E_PS ________________ ____ � 

I H4 1 � ADV 

e 16-STATE B I NARY COUNTER U S l NG 4 FL I P- FLOPS 
e STATU S TRANSM ITTED IN TM AS H-B ITS (ALL 3 MODES ) 
e EFFECT ON OPERAT ION AND DATA: 

• MODE/G - NO EFFECT (CAN BE ADVANCED V lA 
CMD 152 BUT PROBE HEATER CUR RENT 
S U P PLY I S 0 F F) 

• MODE/LK - CONTROLS ON/OFF STATU S OF 
8 HEATERS (4/ P RO BE) IN LOW MODE 
OF PROBE HEATER CU RRENT SU PPLY 

• MODE/HK - CONTROLS DATA OUTPUT AND 
ON/OFF STATUS OF 8 HEATER S IN H I GH 
MODE OF PROBE HEATER CURRENT SU PPLY 

e PROBE HEATER ON/OFF STATU S I N ANALOG TM (ALSEP WOR D  33) 

U") .-
M .-
co " .-
U") 
co 
'0 
u w 
0 



H3 H2 00 01 10 
1 1  

HFE  H EATER SELECT CODE  {0 = P RO BE 1 
H4 1 = P RO B E  2 

HTR NUMBER  

2 

4 ( BOTTOM) 1 (TO P) 

3 

{0 = LOWER HEATER  } ( I N P RO BE 
H3 1 = U PPER HEATER S ECT ION)  

H {0 = U P PER  SECT I ON } ( I N 
2 1 = LOWER SECT I ON P RO BE) 

H {0 = HEATER O FF 1 1 = HEATER ON 

EXAMP LE: WHEN H - B  I TS = lOl l ,  
HEATER H24 I S  O N  (WHERE 

H24 I N D IC ATES FOU RTH 

HEATER I N  P RO BE 2) 

NOTE: TH I S  C O D E  AP P L I ES TO HEATER C ONTROL 

I N  B OTH MO D E/ LK AND MOD E/ H K  DEC 68 5 1 78 . 1 3. 16 



H FE 
SYMBOL A B B R  PROBE 

DH-50 ROT l l  
DH-51 RT ll 
DH-52 RDT ll 
DH-53 RT l l  
DH-60 ROT 12 
DH-61 RT 12 
DH-62 ROT 12 

DH-63 RT 12 

DH-56 ROT l l  
DH-57 RT ll 
OH-58 RDT ll  
DH-59 RT ll 
DH-66 ROT 12 
DH-67 RT 12 
DH-68 ROT 12 
DH-69 RT lZ 

MEASUREMENTS IN  MODE/HK  
B R I DGE 

2 
z 

z 
z 
z 
z 

H4 H3 Hz H 1 SYMBOL A B B R  PROBE B R I DGE H4 � Hz H 1 

0000 
0000 
0001 

0001 

0010 
0010 
OOll 
0011 

0100 
0100 
0101 
0101 

OllO 
OllO 
Olll 
Olll 

-- ---

DH-70 R OT Z1 z 1000 

DH-71 RT Z1 1000 

DH-7Z ROT 21 2 1001 

DH-73 RT 21 z 1001 

DH-80 ROT 2Z z z 1010 

DH-81 RT Z2 z 2 1010 

DH-82 R OT 22 2 2 lOll 
DH-83 RT 22 2 2 lOll 
DH-76 R OT 21 llOO 
DH-77 RT Zl z llOO 
O H-78 RDT 21 2 l lOl 
DH-79 RT 21 2 l llOl 
DH-86 ROT 22 2 2 lllO 
DH-87 RT Z2 z l l lO 
DH-88 RDT ZZ 2 l l l l  
DH-89 RT 22 z llll  

e DATA ALTERNATES BETWEEN D I FFERENCE ( B R I DGE! AND AMB IENT ( RE S I STANCE) 
MEASU REMENTS FOR THE SET OF R I NG SENSORS NEAREST THE SELECTED HEATER 

ALSEP FRAMES Pl (a) MEAS TYPE (b) A B B R (cl 

90 TO 7 0 D I FFERENCE R DTNN 

8 TO 15 l AMB I ENT RTNN 

e NOTES 

(a) P-B ITS,  OTHER THAN P1 , ARE MEAN INGLESS IN MODE/HK 
(b )  MEASU REMENT CONTENT: 

Rz Rl D I FFERENCE I AMB IENT 

00 + B R I DGE EXC ITAT ION VOLTS 

01 + B R I DGE OUTPUT I + B R I DGE C U RRENT 
10 - B R I DGE EXC ITAT ION VOLTS 
ll  - B R I DGE OUTPUT I - BR I DGE CU RRENT 

(cl NN I DENT I F I ES SENSOR ( B R I DGE! LOCAT ION 
DEC 68 5 1 78. 1 3. 17 



HFE  COMMAND D ETA ILS 
OCTAL Cf',,Q NUi\iBH� 

135 HFI MODE G Sfl  

THIS CMD I C I I  I S  A I \!All  C�lD 11 PLACES THl HFE  IN THE GRADIENT 

OR NOR�lAL, MODI Of OPI RATION IN WHICH MEASUREMlNTS ARE OBTAINED 
fROM THE GRAD liNT SENSORS AND CABLf THI RMOCOUPLES UNDER THE 

CONTROL OF THE �liP. CMD 135 ALSO TUR�S OFF THE PROBE HEATER CURRENT 

SUPPLY. D I FFIRENT MEASUREMENT SEQUENClS IN MODEIG MAY BE SELECTED 

BY TRANSMITTING SUBSEQUENT CMDs. AT POWER TURN-ON THE HFE 

I N ITIALIZES IN MODE/G. IF THE HFE IS IN MODE'G, TRANS�\ ISS ION OF 

CMD 135 HAS NO EFFICT 

NOll THAT THE HFI INPUT BUFFER HOLDS CMDs FOR EXECUTION AT THE 

90-FRAME MARK; THUS, SEQUENT IAL CMDs MUST BE TRANSMITTED AT 

LEAST 54 SEC APART 

136 HFI MOOE/LK SEL 

TH IS CMO ICZI I S  A !-STATE CMO. 11 PLACES THE HFE I N  THl LOW 

CONDUCTIVITY, OR R lNG SOURCE, MODE OF OPERATION IN WHICH 

MEASURlMENTS, AND SEQUENCES, ARE IDENTICAL TO MODE/G. IT ALSO 

TURNS ON THE PROBE HEATER CURRENT SUPPLY IN THE LOW IRING SOURCE! 

MODE ALLOW ING HEATERS TO BE ACTIVATED BY CMD 152. IF  THE HFE IS 

I N  MODEILK, TRANSMISSION Of CMD 136 HAS NO EFFECT 

140 HFE MOD£/HK SEL 

THIS CMD IC31 1 S A ! - STAll CMD. IT PLACES THE HFE IN THE HIGH 

CONDUCT IVITY, OR HEAT PULSE, MODE OF OPERATION I N  WHICH 

MEASUREMENTS ARE OBTAINED FROM THE RING lOR REMOTE! SENSORS 

UNDER THE CONTROL OF THE HEATER SEQUENCE PROGRAMMER. NOTE THAT 

CMD 144 1C71 MUST ALSO BE TRANSMITTED BEFORE VALID DATA WILL BE 

OBTAINED IN MODE/HK. E I THER CMD MAY BE TRANSMITIED F I R ST. 

CMD 140 ALSO TUI1NS ON THE PROBE HEATER CURRENT SUPPLY IN THE 

HIGH, OR HEAT PULSE, MODE ALLOWING HEATERS TO BE ACTIVATED BY 
CMD 152. IF  THE HFI IS  IN MODE/HK, TRANSM I S S ION OF CMD 140 HAS 

NO EffiCT_ 

141 HFI SEQ/FUL SEL 

THIS CMD IC41 I S  A !-STATE CMD IT CANCELS THE EFFECT OF CMDs 142 

THROUGH 146 CAUSING THE MSP TO PERFORM ITS FULL 16-STAT£ CYCLE OF 
OPERATION IN MODEIG OR MOD£/LK_ IF TRANSMITTED OUR lNG MODEIHK 

OPERATION, THIS CMD WILL CAUSE INVALID OPERATION UNT I L  CMD 144 
IS  EXECUTED_ AT POWER TURN-ON, THE Hf£ INIT IALIZES IN SEQ/FUL. 

IF  THE HFE IS  IN MOD£/G OR MODE/LK AND IN SEQ/FUL, TRANSMISS ION 

OF CMD 141 HAS NO EFFECT. 

142 HFE SEQ/Pl SEL 

TH I S  CMD IC51 IS A !-STATE CMD AND ALTERNATES WITH CMD 143 TO 

SELECT ONLY ONE PROBE FOR MEASUREMENT. IN MODE/HK TH IS CMD IS 

MEANINGLESS_ IN MODE/G AND MODE/LK IT CAUSES THE MSP TO LOCK 

fLIP-FLOP Pz IN THE CLEAR STATE AND BYPASS Pz. THUS THE MSP ACTS 

AS AN 8-STATE COUNTER If  CMD 141 WAS PREVIOUSLY EXECUTED, OR AS 

A 2-STATE COUNTER IF  CMD 144, 145 OR 146 WAS PREVIOUSLY EXECUTED 

SEQ/PI IS CLEARED B> SUBSEQUENT EXECUTION OF CMD 141 

143 Hfi SEQ/PZ SEL 

TH IS CMD IC61 I S  A !-STATE CMD AND ALTERNATES WITH CMD 142 

TO SELECT ONLY ONE PROBE FOR MEASUREMENT_ IT HAS THE SAME 
CHARACTER ISTICS AS CMD 142 EXCEPT THAT FLIP-FLOP Pz IS  lOCKED 

IN THE SET STATE. 

144 HFE LOAD I 

THI S  CMD IC71 IS A !-STATE CMD AND IS USED ALONE OR IN COMB INATION 

WITH CMD 145 OR 146 TO POSITION AND LOCK TWO FLI P-FLOPS IP4 P3l OF 

THE MSP. CMD 144 PLACES P4 P3 IN THE CLEAR POSITION IDOl AND 

BYPASSES THOSE STEPS. THE MSP THEN ACTS AS A 4-STATE COUNTER I F  

CMD 141 WAS PREVIOUSLY EXECUTED AND AS A 2-STATE COUNTER I F  

CMD 142 O R  143 WAS PREVIOUSLY EXECUTED. TH IS APPLIES T O  MODE/G 

AND MODE/LK. IN MOD£/HK CMD 144 MUST BE EXECUTED TO OBTAIN 

VALID DATA. CMDs 145 OR 146 MAY BE USED IN MODE/G OR MODE/LK, 

FOLLOWING CMD 144, TO LOCK P4 PJ IN THE 10  OR Dl STATE RESPECTIVELY. 

THE EFFECT OF CMD 144 IS CLEARED BY SUBSEQUENT EXECUTION OF CMD 141. 

NOT£, WHEN IN MOD£/G OR MOD£/lK OO STATE PROVIDES HIGH EXCITATION 

D I FFERENTIAL TEMPERATURE DATA ONLY. 

145 Hfi LOAD 2 

TH I S  CMD ICBI IS A !-STATE CMD AND IS USED IN COMBINATION WITH 

EITHER CMO 144 ! PRECEDING 1451 OR CMD !46 1PRECEDING OR FOLLOWING 

1451 TO POSITION AND LOCK P4 P3 IS££ CMD 1441. CMD 145 POSITIONS 

FLIP-FLOP P3 IN THE SET STATE. THEREFORE, 144-145 Y I E LDS Di lLOW 

EXCITATION D I F FERENTIAL TEMPERATURE DATA ONLYI WH I LE 145- 146 

Y IE LOS 11 !CABLE THERMOCOUPlE DATA ONL Yl. EXECUTION OF TH I S  CMD 

IN MOOE/HK CAUSES INVALID DATA UNTIL CMD 144 IS  EXECUTED. THE 

EFFICT OF CMD 145 IS C lEARED BY SUBSEQUENT EXECUTION OF CMD 141. 

146 HFE LOAD 3 

THIS CMD IC91 1S  A I-STATE CMD OPERATING ESSENTIALLY THE SAME AS 

CMD 145 EXCEPT THAT IT POS ITIONS FLIP-FLOP P4 J N  THE SET STATE. WHEN 
PRECEDED BY CMD 144 IT Y I ELDS lD FOR P4 P3 IAMBIENT TEMPERATURE 

DATA ONLYI. EXECUTION OF-TH I S  CMD IN MOD£/HK CAUSES INVALID DATA 
UNTIL CMD 144 IS EXECUTED. 

152 HFE HTR STEPS 

THIS CMD IC!DI IS A 16-STATE CMD WHICH ADVANCES THE HEATER 

EXC I TATION PROGRAMMER I H4 H3 Hz H1 1 EACH TIME THE CMD IS  EXECUTED. 

IN MODE/G THE PROGRAMMER ADVANCES BUTH THERE IS  NO OTHER EFFECT 
SINCE THE PROBE HEATER CURRENT SUPPLY IS OFF. IN MOD£/LK THE 

EXECUTION OF CMD 152 ALTERNATES THE HEATER STATUS BETWEEN ON AND 

OFF, S IMULTANEOUSLY STEPPING THROUGH THE 8 HEATERS !CURRENT SUPPLY 
IS  ON FULL TIME AND HEATER ELEMENTS ARE SWITCHED IN AND OUT OF 

C IRCU ITI. IN MOD£/HK THE HEATER EXC ITATION PROGRAMMER IADVANCED 

BY CMD 1521 ALSO SEliCTS THE DATA TO BE SAMPlED. 

APR 69 5 178. 13. 18 



HF E  ANALOG DATA 

AH-01 H FE +5V SUPPLY 
AH-02 HFE -5V SUPPLY 
AH-03 HFE + 15V SUPPLY EACH SAMPLED ONCE 
AH-04 HFE -15V SU PPLY EVERY 54 SEC ALSEP 
AH-05 ( DELETED) SEQUENCE 
AH-06 HFE HTR/ LK ON/OFF 
AH-07 HFE HTR/HK ON/OFF 

DEC 67 5 178. 13 . 19 



H FE OPER SEL 

29V 

HFE STBY SEL 

HFE  THERMAL CONTROL  
PDU • • • HFE 

OPER 
HFE OFF 

RETURN 

KL IXON 
+20°C 
NOM I NAL 
SET PO I NT 

I NSTRUMENT 
ELECTRON I C S 

SU RV IVAL 
OPERAT IONAL 
HEATER 
4. 2W 

NOTE: ADD IT I ONAL THERMOSTAT TU RNS A PORT ION O F I NSTRUMENT 
ELECTRON IC S ON/OFF BETWEEN MEASUREMENTS I F  TEMP I S  LOW/ H I GH 
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ELECT S PEC 
12 

WATTS 

HFE  POWER  P R O F I LE  

THERMAL CO NTRO L  / HEATE R RANGE  

CON DUCT IV ITY 

HEATER S  TU RNE D 

ON & O FF BY 

G ROU N D  CMD 

""""' 9. 0 
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HFE P ROBE 
CARRY I NG PACKAGE 

HFE ELECTRON I CS 

H F E  T I E - DOWN  

�-+---- PSE 

S UNSH I ELD 
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H F E  EMPLACEMENT CR ITER IA 
PARAMETER REQ U I REMENT PR IOR ITY I ND ICATOR COMMENTS 

...... D I STANCE FROM 29 2: l ft 
2 PACED OFF TO OBTA I N  PROBE 

<.:> SUBPACKAGE 1 (30 ft CABLE) SEPARAT I ON FROM RTG* <( 
:><:: D I RECT ION FROM GREATER THAN 80° FROM u AWAY FROM RTG 2 EYEBALL <( SUBPACKAGE 1 RTG 0,_ 
(/) I NTERACTS W ITH u LEVEL ± 1 2° OF VERT ICAL 2 EYEBALL -

ALI GNMENT z: 
0 
0::: AL I GN THERMAL REQ FOR SUN I- ARROW** u 

± 5° OF E-W 2 SH IELD SHADOvVS TO ...... WRT SHADOW _J AND SHADOWS ...... AL I GN WITH PLATE EDGES 

D I STANCE FROM l7 ± 1 ft PACED OFF TO OBTA I N  30 ft 

(20 ft CABLE 1 (CABLE MARKED SEPARAT I ON BETWEEN ELECTRON ICS TO HOLE) FOR DEPTH) PROBES ( REQU I REMENT) C':i � PROBE AND RTG (/) ...... D I RECT ION FROM AT LEAST 140° SEPARAT ION'' AVO I D  co 
0 1 PA I NT L I NES*** 0::: ELECTRON ICS APART SHADOWS FROM ALL 0,_ 

SU BSYSTEMS 
VERT I CAL W ITH I N + 15° EYEBALL OBJECT I VE 
AL IGNMENT 2 FOR DR I LL I NG  

EXPER IMENT * SEPARAT I ON D I STANCE FROM RTG: 40 ft M I N I MUM, 
I NTERRELAT ION AVO ID  MAJOR D I STUR BANCES (TRAMPL I NG, ETC. ) AND SHADOWS IN  l7 ft 

C I RCLE AROUND PROBE. 
''* ARROW NOM INALLY PO I NTS EAST -WEST 

SPEC IAL 
REQU I REMENTS **'' PA I NT L I NES G IVE 120° D I RECT I ONS CENTERED ON N-S AX I S  BUT ALLOW 

EST IMAT ION OF OTHER D I RECT I ONS. 
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H FE AL I GNMENT MARK INGS 
TAPE CABLE TO } 
CENTRAL STAT I ON � 

( PROBABLY NW OF HFE) 

TO PROBE 

N 

+ 

TO PROBE 
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APOLLO LUNAR 
SURF ACE DRILL 

JAN 69 51 78.13.25 



APOLLO LUNAR SURFACE DRILL 

JAN 69 5178.13.26 



CHARGED - PARTIC LE L UNAR ENV IRONMENT 

EXPER IM ENT SUBSYSTEM 

PHYS I CAL ANALYZER 

ELECTRON I CS 

• COMPONENTS AND 
FUNCTION 

• DEPLOYMENT 
• COMMANDS 

AND DATA 

SEPT 68 5 178. 14. 1 



COLLI MA TJ NG SLI TS 

CPLEE PHYSICAL ANAL YZER 

DEFLECTiON PLATEs 

ELECTRON MU[T/ PL JERs - ·  

QD 
� ®  ([) 

No v 67 S 17B. 14.2 



CHANNELTRON® E LECTRON  MULT IPLI E RS  

C - TYPE 

PREAMP 

I NS I DE COATI NG FOR 
SECON DARY ELECTRON 
EM I S S I ON 

, 1 m m  I NS I DE 

Lp TO 106/SEC 
PROTONS , ELECTRONS ,  X-RAYS & UV 
(THEREFORE, SORT BEFORE ENTRANCE) 

1-----l•- U N I FORM 
OUTPUT 

104 ._____.____._......._....._.__....L..---L-..&.----11 
2. 0 2. 4 2. 8 3. 2 3. 6 

APPL I E D  K l  LOVOLTS 
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DSS 

CPLEE  FUNCTIONAL  D IAGRAM 

OPER PWR 
COMMANDS 

EVEN FRAME 

LO VOLT 
PiS 

ANALOG DATA (6 L INES) 

DEMAND PULSES 
SH I FT PULSES 

SER IAL DATA ! D I G ITAL) 

TO LOG IC 
C I RCU ITS 
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CP LE E  THERMAL  CONTROL  

� �FF 
29V 

I I : I I : � 1 
ST BY : I I 

I I I 
() � 

1 1
S T BY 

I , - -1 
I 
I I I 
I 
I 
I 

OPER 

I N I T I AL 
C O N D IT  I ON 
C I RC U ITS KL I XON 

C P LEE 
E LECTRO N I C S  

C PE I O PR HTR OFF 
1 12 

011 1  I 
C PE O P R  � 
HTR ON S U RV I VAL 

HEATE R S  
4. 5W 

RETU RN 

O P ERAT I ONAL 
HEATE R S  

3. 0 W  
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CPLEE  T IM ING  SEQUENCE  

ALSEP I 
FRAME NO O 
CPLEE 
PHYS /AN 

DEFLECTI ON 
VOLTA-6£-

-

• CPLEE MAY START 
ANYWHERE 

• DATA � CNTS /SEC 

I 
4 

I 
8 

I I I I I I 
12 16 20 24 28 32 

A f B A l B A l B A f B A l B A l B A l B A l B 
READOUT OF A DU R I NG B MEAS , ETC. 

CAL 

MARKS -3500 
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CP LE E  P OWER  PRO F I LE 

STARTU P TRANS I ENT 
280 MW FOR 36 M S EC. 

APR 69 5 178. 14. 7 



DEFLECTI ON 
VOLTAGE 

3500 
VOLTS 

350 
VOLTS 

35 
VOLTS 

CP LEE  ENERGY RANG ES 

I HEL I X  

l1l2l3 l 4 I I I 

. 04 . 1 

I 

ENERGY RANGE I N  EAC H DETECTOR 

I HE L I X  

11121 3 1 4 I 
I HEL I X  I 
11121 3 1 4 I 5 I 

5 I 
I I 

1. 0 10 
PARTI C LE ENERGY (KEV) 

I 
5 I 

100 

SEPT 68 5 1 78. 1 4. 8 



CPLEE PERFORMANC E  CH ECKS 

TECHNI QUE CNT/S EC 

BETA SOU RCE G U I LLOTI NE 

I N  DUST  COVER 0 TO 2000 
FOR COMPLETE 
TEST  DU R I NG { DEPEN D lNG ON 

I N I TI A L C HANNEL) 

O PERAT I ON 

TEST OSC I LLATOR 
I N PUT TO ALL �350, 000 Hz 
P REAM PS ONCE 
DU R I NG EACH ( F I LLS 19TH 

OPERATI NG B IT OF REG I STER) 

CYCLE 
APR 69 5178. 14. 9  



CPLE E  T I E - D OWN  
EX PE R I MENT 

MOU NTI NG 
F I TTI NG S 

' '  ' 

ASTRONAUT: 

• RELEASES FASTENE R S  
• I NS E RTS U HT 
• L I FTS EXPER I MENT 
• REMOVES U HT SOC KET P I N 
• ROTATES EX PER I MENT 

I 

S U NS H I  ELD 
APR 69 5 1 78. 14. 10 



CP LE E  EMPLACEMENT CR ITER IA  

PARAMETER REQU I REMENT PR I OR I TY I N D I CATOR COMMENTS 
D I STANCE FROM 10 + 1 FT 1 PACED OFF CR I T I CAL SEPARAT ION I S  
S U BPACKAGE 1 ( ll FT CABLE ) FROM RTG AND SUB-

PACKAGE 1 
D l  RECTI ON FROM AT LEAST 60°FROM 1 EYEBALL AT LEAST 14 FT  FROM RTG 
SUBPACKAGE 1 RTG AND 30° FROM AND PREFERABLY 20 FT* 

N-S L l  NE OF S U B- AVO I D  F I ELD OF V I EW OF 
PACKAGE 1 CENTRAL STATI ON RAD I ATOR 

S I TE SELECT! ON APPROX HOR I Z  2 EYEBALL 75° (HALF-ANGLE) VERTI CAL 
CONE MUST BE CLEAR EXCEPT 
FOR ALSEP ANTENNA. 

LEVEL, WRT ±2. 5° OF HOR I Z  1 BU BBLE I NTERACTS W I TH All GNMENT 
I ND I CATOR 
ALI GN, WRT ± 2° 0F E-W 2 ARROW** THERMAL REQU I REMENT 
SHADOW 
READOUT OF ± 1° 0F E-W 1 TOOL & ROSE SC I ENTI F I C  REQU I REMENT* *  
ALI GNMENT 
EXPER IMENT *CONTAM I NATI NG RA DI OACTI VE F I ELD AT CPLEE CAUSED BY OTHER 
I NTERRELA Tl ON SUBSYSTEMS MUST BE LESS  THAN 0. 1 COUNT/SEC I N  ALL CHANNELS . 
SPEC I AL **EXPER IMENT I S  B l  D l  RECTI ONAL FOR SC I ENT! F I C  OUTPUT BUT ARROW 
REQU I REMENTS POI NTS E AND PARTI AL COMPASS ROSE (US I NG SHADOW OF HANDLI NG 

TOOL) COVERS ONLY THE RANGE FOR SUN I N  EAST. 
SEPT 68 5 178 . 14. 1 1  



. C P LE E  AL I GNMENT MARK I NGS  

SEPT 68 5 178. 14. 12 



ALSEP 
WORD 

CP LE E  D IG ITAL DATA FORMAT 

_.. __ _ 

MS B LS B MS B 

DC-01 THROUGH 
DC-85 THROUGH 

DC - 97 
DC - 98 
DC - 99 

C PE DET S C I  DATA 
CPE CAL S I G  
CPE PHYS IAN I D 
CPE POLA R I TY I D 
C PE DEF LVL I D 

NOV 67 5 178. 14 . 1 3  



CPLE E  ANALOG DATA 

SAMPLED ONCE PER 54- S EC 
ALSE P  S EQUENCE (ALSEP WOR D 33) 

AC - 01 C PE DEF P IS VOLTS 
AC - 02 CPE CHAN! l  VOLTS 
AC - 03 CPE CHANI2 VOLTS 
AC - 04 CPE  CONV VOLTS 
AC - 05 C PE P HYS IAN DEG C 
AC - 06 C PE DEF P IS DEG C 

NOTE :  AC - 05 1 S TEMPERATU RE  OF PHYS 1 CAL ANALYZER A 

HOY 67 5 178 . 14 . 14 



CPLEE  COMMANDS 

OCTAL COMMAND NUMBERS 

l1l C PE OPR HTR ON 

TH I S  COMMAND BYPASSES THE THERMOSTAT IN THE CPLEE AND TURNS 
THE OPERATIONAL HEATER ON. TO RESTORE AUTOMATIC THERMAL CONTROL 
THE EXPER IMENT POWER MUST BE COMMANDED TO STBY AND BACK TO OPER. 
THI S  COMMAND HAS NO CONTROL OVER SURV IVAL I STBYI HEATERS. 

112 CPE OPR HTR OFF 

TH I S  COMMAND BYPASSES THE THERMOSTAT IN THE CPLEE AND TURNS 

THE O PERATIONAL HEATER OFF, AND IS ALSO U SED TO TURN OFF THE OPER

ATIONAL HEATER AFTER IT HAS BEEN TURNED ON BY COMMAND 111. SEE 
COMMAND lll FOR RESTORAT ION OF AUTOMAT IC THERMAL CONTROL. TH I S  
COMMAND H A S  N O  CONTROL OVER SURV IVAL HEATERS. (OPERATI ONAL 

HEATER ON/OFF V I A  lll & 112 CAN BE RECYCLED INDEFI N ITELY. ) 

113 CPE CVR GO 

THI S  COMMAND ACTUATES THE GUI LLOTI NE DEVICE FOR REMOVI NG THE 
CPLEE DUST COVER. 

114 CPE DEF SEQ ON 

THI S  COMMAND STARTS THE AUTOMATI C SEQUENCE OF VOLTAGES TO THE 
CPLEE DEFLECTION PLATES WHENEVER I T  HAS BEEN STOPPED (BY COMMAND 1171. 
I NI TI AL TURN-ON OF THE EXPERIMENT I S  I N  THE AUTOMATI C  SEQUENCE MODE. 

115 CPE DEF STEP 

THI S COMMAND ADVANCES THE VOLTAGE ON THE CPLEE DEFLECTION PLATES 
ONE STEP EACH TIME IT I S  USED, I N  THE STANDARD SEQUENCE, WHEN THE SE
QUENCE HAS BEEN STOPPED. I F  AUTOMATI C  SEQUENCE IS ON, THI S  COMMAND 
HAS NO EFFECT. 

117 CPE DEF SEQ OFF 

THI S  COMMAND I NTERRUPTS THE AUTOMATIC SEQUENCE OF VOLTAGES TO 
THE CPLEE DEFLECTION PLATES. THE VOLTAGE THEN REMAI NS CONSTANT UNTI L 
ADVANCED BY COMMAND 115. IT IS RESTORED TO AUTOMAT IC SEQUENCE BY COM
MAND 114 OR BY CYCLING CPLEE TO STBY AND BACK TO OPER. 

120 CPE CHAN/HI SEL 

THI S  COMMAND I NCREASES THE VOLTAGE ACROSS THE CHANNELTRON ® 
ELECTRON MULTI PLIERS I N  BOTH PHYSI CAL ANALYZERS (A & Bl TO THE H I GHER 

VALUE, "'- 3200 VOLTS, IF IT IS AT THE LOWER SETTING, '=<: 2800 VOLTS 
(4=  400 VOLTS). IF TH I S  COMMAND I S  SENT TW ICE, W I THOUT COMMAND 

121 BETWEEN, THE SECOND COMMAND HAS NO EFFECT. 

121 CPE CHANILO SEL 

THI S  COMMAND DECREASES THE VOLTAGE ACROSS THE CHANNELTRON ® 
ELECTRON MULTI PLIERS I N  BOTH PHYS I CAL ANALYZERS (A & Bl TO THE LOWER 

VALUE, � 2800 VOLTS, I F  IT I S  AT THE H IG HER SETI I NG, � 3200 VOLTS 

( A =  400 VOLTS). I F  TH I S  COMMAND I S  SENT TW ICE, WITHOUT COMMAND 120 
BETWEEN, THE SECOND COMMAND HAS NO EFFECT. 

SEPT 68 5178 . 14. 1 5  





COLD CATHODE  GAUGE EXPERIMENT ( CCGE )  

HE I GHT, I N. = 13. 4 
W I DTH, I N. = 4. 6 
DEPTH, IN . = 12. 0 
EARTH WE I GHT, LB = 12. 5 

JAN 69 5 178. 1 5. 1  



CCGE GENERAL FEATURES 

PU R PO S E  I S  TO DETERM I NE 

e DENS ITY O F  LUNAR ATMO S PHE RE, WHERE T I ME- DEPENDENT 
C HANGES MAY BE  

• RAN DOM 
• FUNCT ION OF LUNAR C YC LE 
• FU NCT I ON O F  SOLAR ACT IV  lTV 

e LOS S  RATE OF  CONTAM I NANTS LEFT BY ASTRONAUTS & LM 

MEA S U REMENT TECHN IQUE 

• GAUGE  PRODUCES AN ELECTR ICAL C U R RENT PRO PORT I ONAL 
TO THE NEUTRAL PART I C LE D EN S I TY AT ITS POS IT  I ON 

e C U R RENT I S  AMPL I F I E D  & CONVERTED I NTO A 10- B IT WOR D  
FOR TRANS M I S S I ON I N  THE ALS E P  FORMAT 

COMB I NED W I TH MEASU RED TEM P OF GAU GE, ALLOWS C ALC U LAT I ON 
OF  LUNAR ATMOS PHERE PRES SU RE 

APR 69 5 178. 15 .2 



CCGE PERFORMANCE 

e RANGE: 10-6 TO 10-12 TOR R 

e ACC U RAC Y: + 30% A BOVE 10- 10 TOR R, � 50% BELOW 10- 10 TOR R  

e O PERAT I NG  VOLTAGE: + 4500V 

e MAGNET I C  F I ELD: 1020 GAU S S  

e GAUGE BODY CONSTRUCTED O F  304 STA I NLE S S  STEEL 

• SEVEN OVERLA P P I NG MEASU REMENT RANGES ( S W I TC HED B Y  
CMD O R  BY  I NTER NAL LOG IC )  HAN D LE C U R RENTS BETWEEN 
10-6 AMPS ( RANGE 1) AND 10- 12 AMP S  ( RANGE 7) 

JAN 69 5 178. 15. 3 



+29V OPER POWER 
SUPPLY & 
REGULATOR 

CCGE  BLOCK  D IAGRAM 
SEAL BREAK SEAL .----------------------------.,ON'""E'""'-T:-:-1-:-:M.,.-E """CM:-:-D=-----1 IN I Tl ATOR f.. MECHAN I SM 

(F I RST T IME C I RCU I TRY 
I 

FROM 
LUNAR 
ATMOSPHERE ®

V

O

Y 

ONLY) :: ! 
ANODE CC IG f------...J 

V SENSOR • 

POWER ---=--y ...l-----+---------, ._ ___ ____. _____ ____. I TEMP S IGNALS 
TO ALL �V 

®J 
CATHODE ,......_+....._..., 

USERS ' TEMP I E MONITOR 

r---t------
----IH--1

-------
A

-t
JcuRRENT 11-------. f1i\ 

Y
V 

JCALI BRATORJ (i)c�tf ...JL...---...,-� 
AUTO .-

&";::-;-��-�-�----;:;;�::;_:;;:;;::;;:;;::;:;:;:J-1-l-l---JJ ZERO MODE J 
ZERO L. 

<lv
'Q4I>--"C:l.<.C�GEo....:���C<.!:.A�L.....!E�N�AB�L=..E _ __. ZERO MODE S IGNAL rlCAL IBRATORJI----------=-----1 ELECTROMETER� 

l�SilTIJEP:fP�INWGL_S�IliiGNNA&.]L�S-H�K-��====�� RANGE RANGE <lol CCGE l DNRANGE CH �ras CCGE UP RANGE CH <�y CCGE RNG STEP/ F � CCGE RNG MODE/ A 
RANG ING 
MODE 
SELECTOR 

r L..-. SELECTOR � RELAY '® 
ANALYZER R-ANGE 

NF r PKG TEMP 
SENSOR 

L
�-�-�-�-�-IO_N_,-__ 

NE

-

T

-

WO

_

R

_

K 

__ 
DR

-

1

-

VE

_

R

_

S 

__ g=g-=�-5 -
�
�r 

TEMP ] Jl_���:r�������============����J'__j 
MONITORr r4 ANALOG MULT IPLEXER L 

� t DG-09 t DG-01 
T
E
D 

EVEN FRAME MARK HTR _I CCGE PKG S-B IT ADC I CCGE 
FRAME MARK T IM ING CONTROL DEG C t MUX 
SH I FT PULSE & STA 
!!.DA!:l!T�Ac...!:D�EM.!.!!A:!!.:N!i!D_

-f.:
CO
:::_:
N
:_:
T_:RO::_:Lj--------

-+--i
·J DATA TRANSFER I �%1¥t 

� I REG I STER I 
T
E
- � D IG ITAL DATA (5 WORDS PER ALSEP FRAME) HK I D  

�
-

----�A�NA�L�O�G�D�AT�A�(�2�W�OR�D�S�P�E�R�A=LS�E�P�S=EQ�U�EN�C�E�------------------------------------------------� 
D : 
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CCGE  SEAL BREAK 

• I N I T I A T E D B Y  F I R S T  T R A N S M I S S I O N  O F  C M D  1 0 7 
( M A Y  B E  N E C E S S A R Y T O  T R A N S M I T  C M D 1 0 5 P R I O R  

T O  1 0 7 F O R A C T U A T I O N O F  S E A L  B R E A K ) 

• E X P L O S I V E - A C T U A T E D  P I S T O N  R E L E A S E S  S P R I N G 
W H I C H  R E T A I N E D  O R I F I C E C O V E R  

• R E L E A S E  O F  S P R I N G C A U S E S C O V E R  T O  F L I. P  O F F 

JAN 69 5 178. 15.5 



CCGE  RANGE  CHANGE 

• 7 OVERLA P P I NG RANGES FROM 10-12 TO 10-6 AMPS 

• SELECTED E ITHER AUTOMAT ICALLY OR BY COMMAND 

• AUTOMAT I C  

• U P-DOWN COMPARATOR O F  RANGE POS IT ION ANALYZER SENSES ELECTROMETER OUTPUT VOLTAGE 

• WHEN VOLTAGE PAS SES U PPER OR LOWER TR I P  PO I NT VALVES, COMPARATOR SU P PL IES 
U PRANGE OR DOWNRANGE S I GNAL TO RANGE SELECTOR NETWOR K  

• RANGE SELECTOR NETWOR K (COUNT I NG REG I STER) TRAC KS THE RANGES, S U P PL I ES S I GNALS 
TO ACTUATE THE RANGE RELAY DR IVERS, & SU PPL IES ANALOG & D I G ITAL TM OF RANGE I D  

• BY COMMAND 

• TRAN S M IT C MD 104 OR 107 TO SELECT U PRANGE OR DOWNRANGE D IRECT ION FOR FORCED 
RANGE C HANGE 

• TRANS M IT C MD 106 TO EXECUTE FORCED RANGE STEP IN THE PRESET D I RECTION. TH I S  
OVERR I DES RANGE POS IT I ON ANALYZER & S U P PL I ES S IGNAL TO RANGE SELECTOR NETWOR K. 

• NEW RANGE W I LL BE RETA INED UNT I L:  

• STE PPED B Y  TRANSM I S S I ON O F  CMD 106 
• REVERSED (CMD 104 OR 107) & STE P PED (CMD 106) 
• RESET TO AUTOMAT IC  MODE (CMD 110) 

JAN 69 5 178. 1 5.6 



CCGE SELF  CAL I BRAT ION 

• PROV I DES CHEC K  OF ELECTROMETER CURRENT-TO-VOLTAGE CONVERS ION & CORRECTS 
(COMPENSATES) FOR ELECTROMETER ZERO DR 1 FT  

• CURRENT CAL I BRAT ION 

• TRANSM I S S ION OF CMD 104 ENABLES CURRENT CAL I BRATOR 
• CAL I BRAT ION OCCURS AT NEXT CYCLE OF ZERO COMPENSAT ION 
• GAUGE OUTPUT TO ELECTROMETER I S  REPLACED BY PREC I S  ION CURRENT SOU RCE 
• ELECTROMETER STEPS THROUGH 7 RANGES 
• AFTER 7 CALI BRAT ION STEPS, CURRENT SOURCE I S  REPLACED BY GAUGE OUTPUT 

( NORMAL OPERAT ION) 

• ZERO MODE CAL I B RATOR 

• ACTUATED BY INTERNAL T I M I NG EVERY 30. 9 M I N  
• GAUGE OUTPUT TO ELECTROMETER I S  D I SCONNECTED & OFFSET COMPENSAT ION 

NETWORK ADJUSTED (AUTOMATICALLY) TO CORRECT FOR S I GNAL DR  1 FT  
• CCGE THEN RETURNS TO NORMAL OPERAT I ON, UNLESS CURRENT CAL I BRAT ION 

HAS BEEN ENABLED (CMD 104) 

JAN 69 5 178 . 15.7 



CCGE THERMAL CONTROL 

e STRUCTU RAL HOU S l NG COVERED W I TH THERMAL C OAT I NG 

e S UNSH I ELD (W I TH REFLECTOR )  S HADES  THERMAL PLATE FROM D I RECT 
S U N L I G HT & ALLOWS RAD I AT IVE C OU PL I N G  TO DEE P S PACE 

e REFLECTOR REDUCES HEAT I N PUT FROM LU NAR S U R FACE TO 
THERMAL PLATE 

e ELECTR I CAL HEATER PROV I DES 4.5 W I N PUT TO E LECTRON IC S 

• I NTER M I TTENTLY I N  O PER PWR MO DE 
(CONTROL 1 10N1 1  BELOW � 20°F) 

e NORMAL O PERAT ION ( LU NA R  DAY/N I GHT) FOR ELECTRON IC S 

ANT I C I PATED +85 °C TO -20°C 

JAN 69 5 1 78 . 1 5.8 



V) 

� 
s 

CCGE  POWER PRO F ILE  

• SEAL BREAK BY C APAC ITANCE D I SC HARGE 

8 I NTER M I TTENT (ON/OFF) HEATER,  

6 

1 1 0N I I  BELOW � 20°F 

- 4 
;.,.-- 4. 5-� 

N I G HT MAX 
0:::: 
L.L.J 
s 
0 0.. 

2 

0 
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CCGE  EMPLACEMENT CR ITER IA  

PARAMETER REQU I REMENT PR l OR ITY I ND ICATOR COMMENTS 

D I STANCE FROM 55 + 5 FT 2 PACED OFF I NTERCHANGEABLE 
SU BPAC KAGE 1 {60-FT CABLE) W ITH S I DE 

D I RECT ION FROM S {MAY BE N) 2 EYEBALL TO SAT I S FY 
SU BPAC KAGE 1 OR I F ICE  REQU I REMENT 

S ITE SELECT ION � SMOOTH 2 EYEBALL NO LEGS ON CCGE 

LEVEL, WRT 5
° 

OF HOR I Z  1 BU BBLE I NTERACTS W ITH 
I ND ICATOR ALI GNMENT 

0 
AL IGN, WRT 5 OF E-W 1 ARROW & "E' ' S HADOW OF  UHT 
SHADOW COVERS "E" 

AL I GN OR I F  ICE AWAY FROM { + 90° ) 2 EYEBALL EXACT AL I GNMENT 
LM & CENT STA SET BY S HADOW 

REQU I REMENT 

S PEC IAL PLANNED DEPLOYMENT IS SOUTH OF CENT STA BUT WOU LD BE 
REQU I REMENTS REVERSED I F  LM I S  SOUTH OF CENT STA 

JAN 69 5 178. 1 5. 10 



CCGE  COMMANDS 
OCTAL CMD NUMBER 

I04 CCGE CAL ENABLE 

TH I S  CMD (CG-Oll IS A I-STATE CMD WH ICH CAUSES THE ELECTROMETER CALIBRATION 
CYCLE TO OCCUR AT THE NEXT ZERO MODE CALI BRAT ION (EVERY 30. 9 M I N). IF CMD I04 
IS TRANSMITTED MORE THAN ONCE BEFORE THE T IME OF CALIBRATION ARR IVES, THE 
EFFECT IS THE SAME AS ONE CMD. AN ELECTROMETER CALI BRATION CYCLE CONS I STS 
OF STEPP ING THROUGH THE 7 RANGES OF MEASUREMENT WHILE APPLYING PREC I S ION 
CURRENTS TO THE ELECTROMETER. 

I05 CCGE UPRANGE CH 

TH IS CMD (CG-02) I S  A I-STATE CMD WH ICH SELECTS THE UPRANGE D IRECTION FOR 
FORCED RANGE CHANGES. REPEATED TRANSMI S S ION OF TH I S  CMD HAS NO EFFECT. 
SUBSEQUENT TRANSMI S S ION OF CMD I06 CAUSES THE RANGE CHANGE AND LOCKS OUT 
THE AUTOMATIC RANGE CHANGE. IT MAY BE NECESSARY TO TRANSMIT CMD I05, 
FOLLOWED BY CMD 107, TO EXECUTE THE CCGE SEAL BREAK 

106 CCGE RNG STEP/F 

TH I S  CMD (CG-03) IS A MULTI-STATE CMD WHICH FORCES THE ELECTROMETER SENS ITIV ITY 
RANGE TO CHANGE ONE STEP ( I N  THE D I RECTION PRE-SELECTED BY CMD I05 OR 107) EACH 
TIME CMD 106 IS TRANSMITTED. CMD I06 ALSO LOCKS OUT AUTOMATIC RANGE CHANGES 
UNT I L  RELEASED BY CMD 110. REPEATED TRANSMI S S ION OF CMD I06 ADVANCES THE 
RANGE UNT I L  THE MAX IMUM (OR MINIMUM) VALUE IS OBTA INED: FURTHER TRANSMISS ION 
HAS NO EFFECT. 

I07 CCGE DNRANGE CH 

TH IS CMD (CG-04) IS A 1-ST ATE CMD, S IMILAR TO CMD 105, EXCEPT THAT IT SELECTS 
THE DOWNRANGE D IRECT ION FOR FORCED RANGE CHANGES. IT ALSO BREAKS THE 
CCGE SEAL AT THE T IME OF F I RST TRANSMISS ION UNLESS THE TOGGLE IS IN THE 
ADVERSE SETTING. I F  SO, CMD 105 FOLLOWED BY CMD 107 W I LL EXECUTE CCGE SEAL 
BREAK 

110 CCGE RNG MODE/A 

TH I S  CMD (CG-05) IS A I-STATE CMD WH ICH, FOLLOWING TRANSM ISS ION OF CMD 106, 
RELEASES THE RANGE CHANGE LOCKOUT AND ENABLES AUTOMATIC RANGE CHANGES, 
REPEATED TRANSMISS ION OF TH IS CMD HAS NO EFFECT. AT TURN-ON, THE CCGE 
I N IT IALIZES IN THE AUTOMATIC MODE OF (RANGE CHANGE) OPERATION. 
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CCGE 
WORD  

1 

2 

3 

4 

5 

ALSEP 
WORD  

15 

31 

47 

56 

63 

CCGE  DATA FORMAT 

DG-05 CCGE/D RANGE AIF (Q = FORCED, 1 = AUTO) 

r---r----,---,-�,_..--,--.....__,D........;G"-04;;....;.....;C;....;..C..;;.;:GE�H K-'--� 1 D (0-3, SEE CC GE WORD 5) 

21 2° c z 21 2° 

DG-10 CCGE 4. 5KV SU PPLY 

3 

DG-11 CCGE + 15V 

DG-12 CCGE - 15V 

DG-13 CCGE - lOV 

S U PPLY 

SU PPLY 

SU PPLY 
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CCGE DATA SUMMARY 

D G-01 CCGE MUX STA DG-08 CCGE GAUG E  DEG C 
DG-02 CCGE AUTO ZERO DG-09 CCGE P KG DEG C 
D G-03 CC GE CAL STA DG- 10 CCGE 4. 5 KV S U P PLY 
DG-04 CCGE H K  I D  D G- 1 1  C C G E  + 15V SU P PLY 
DG-05 CCGE RANGE A/ F DG- 12 CCGE -15V SU P PLY 
DG -06 CCGE/ D  RANGE I D  DG- 13 CCGE - lOV SU PPLY 
DG-07 CC GE/ D  GAU GE OUT 

AG-01 CC GE/ A GAUGE  OUT 
AG-02 CC GE/ A RANGE I D 
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MSFN/MCC O P ERAT I ONS 
• GENE RAL <• CMD & TM PROCE S S  l NG 

REQU I REMENTS • SOFTWARE & D I S PLAY S 

• S PEC IAL  <• POWER/THE RMAL MANAGEMENT 
REQU I REMENTS • COMMAN D FUNCT ION STATU S BOA R D  

• DETA I LED MCC MON I TOR I NG ACT I V IT I ES 

JAN 69 5 178. 1 6. 1  



COMMAND CONSOLE P LAN 

I TENTAT IVE I 

• ALL COMMANDS FOR ALL ALS E P S  F ROM 1 CONSOLE 

• U S E  U N I VERSAL COMMAND SYSTEM PANEL 
- ADDRESS :  ANY ONE OF 8 ALS E P  D ECODERS 
- COMMAND:  ANY ONE  OF  100 DES I GNAT I ON S  (PREFERA BLY OCTAL 003 TO 174) 
- EXECUTE 

NOTES :  ( 1) STANDAR D VER I F I CAT I ON C HEC KS W I LL BE  I NCOR PORATED ;  
AT LEAST, GROUND REJECT 

(2) NO AUTOMAT I C  RETRANS M I T  PROCEDURE  
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TM  PROCESS ING AT M SFN  S ITES  

ALS E P  M I N I MU M  REQU I REMENT REMAR KS 

THROUGH P UT 2 DATA STREAMS MAX TEC H N I Q UE FOR S EN D I NG 2 STREA MS 
1 , 3 TO MCC, NO DECOMM REQ ' D  1. 06 K B P S  EACH (NO R MAU O N  ONE 

UNLES S THERE I S  A DEC I S I ON TO 2. 4 K B PS L l  NE T B D. NOTE ALS E P  
MON ITOR C M D  VER I F I CAT I ON F RA ME = 0. 60377 SEC 

SAME AS  A BOVE FOR MAJOR ITY OF 85-FT S I TE REQ ' D  FOR 10. 6 K B P S  DATA. 
4 T I ME EXCEPT FOR � 1 H R  WH I LE C REW I S  ON 

A D D I T I ONAL DECOMM REQM'T FOR LUNAR S URFACE, OTHER A S E  OPERAT I ON S  
A S E  10. 6 K B P S  DATA RATE TO CAN B E  SCHEDULED FOR CONVEN I ENCE 
REDUCE I T  TO < 2. 4 K B P S  & S END  
TO  MCC. OUR  I NG A S E  OPERA-
T I ONS NO OTHER ALS E P  DATA 
STREAM I S  S ENT TO MCC 

RECOR D I NG REQ ' D  FOR MAX OF 3 ALS E P S  S I MULTANEOU S LY PLUS RCVD 
STAT I ON T I ME. PLAYBAC K  REQMT' S T B D. 
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SOFTWARE  

• ONE C DP COMMAND P ROG RAM W I LL S U P PO RT ALL ALSEPS 

• DECOM PROGRAMS VARY BETWEEN ALS EPS • CAL C URVES VARY BETWEEN ALSEPS 

• I N  AD D I TI ON TO VERY COM P LI CATE D S U BCOMMUTATI ON & S U PE R  COMMUTATI ON ,  
MANY ALSEP PA RAMETERS REQU I RE MORE COMPUTATI ON THAN ENG U N I T CON
VER S I ON & L I M I T SENS I NG 

APR 69 5 1 78. 16.4 



D ISPLAYS 
FOR ALSEP l 

NOTE: 

RETENTI ON OF  H I STOR I CAL 

DATA MUST BE M I N I M I ZE D  

S U BS YSTEM 

CENTRAL S TATI ON 
PAS S I VE SE I SM I C 
MAG NETOMETER 
SOLAR W I N D  
S U P RATHERMAL I ON 

LEGEN D 

L H 
L 
L 
A 
L B 

L = L I M I T-SENSE D  PARAMETER S  

H = H I G H - P R I OR I TY ANALOG S 

D = D l  S CRETE 

B = 8-CHANNEL 
BRUS H RECOR DER 

(SC I ENCE DATA > l SAMPLE/SEC) 

D 
D 
D 

D 

L+ D 
L+ D B +S 
L + D  B 

A 
L + D B 

S = S PEC I AL S I NG LE C HANNEL 
DRUM RECOR DER S  W I TH 
VAR I A BLE BAN D- PA S S  
F l  LTER S  

A =  ALL SWS DATA I N MATR I X  
FORMAT ( l  MATR I X = 28 S EC) 
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MULT IPLE -ALSEP  D I S P LAY P H I LOSOPHY  

D I S PLAY REMARKS 

H IS P R I NTER SAME SU BSYSTEM ON D l  FFERENT ALSEPS W I LL U S E  SAME 

D I S P LAY BUT D I FFERENT FORMATS 

METERS & EACH ALSEP W I LL HAVE I TS OWN METER S  & LI G HTS ; HENCE THESE 

Dl  S P LAYS W I LL G I VE VA Ll D DATA WHENEVER THE I R  B I T  S TREAM I S  
EVENT Ll  GHTS 

BE l NG P ROCES SED 

ANALOG 
SW I TCHA BLE I N  REAL TI ME BETWEEN D I FFERENT B I T  STREAMS 

RECOR DERS 

CAPAB I LI TY FOR P ROCES S I NG 2 B I T STREAMS S I MULTANEOU S LY P ROV I DES FOR PANEL 

L I GHT I N D I CATI NG OUT-OF-LI M I TS WHENEVER I T  I S  DETECTE D (E I THER ALSEP) ;  ALSO 

I N D I CATES ( 1) WH I CH ALSEP & (2) WH I CH SU BSYSTEM 
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POWER/THERMAL MANAGEMENT 
REQU I R EMENT 

• RTG S U P PL I ES CONSTANT POWER ( NO 
MORE, NO LESS)  AT A PART ICULAR 
VOLTAGE. OVERLOAD & U N DERLOAD 
ON RTG W I LL CAUSE SER IOUS 
CHANGES I N  RTG VOLTAGE 

• PC U ADDS  OR REMOVES SHUNT LOAD S  
( U P  TO 40 W l  TO MA I NTA I N  CONSTANT 
SY STEM LOAD ON RTG 

• PDR LOADS CAN BE COMMANDED 
ON/O FF TO ASS 1 ST PCU 

• I F  SYSTEM OVERLOAD OCCU RS (WHEN 
PCU CANNOT UNLOAD ENOUGH),  EX
PER I MENTS ARE R I PPLED OFF AUTO
MAT ICALLY TO REACH SAT I S FACTORY 
LOAD (TUR N-ON BY COMMAND ONLY) 

• IF  SYSTEM UNDERLOAD (OR OVERLOAD )  
EXCEEDS PCU CAPAB I L ITY, 12V L I NE 
W I LL GO UP (OR DOWN). AT l3V OR 
llV , PCU 1 SW ITC H ES AUTOMAT I CALLY 
TO PC U 2 ( PCU 2 HAS NO SW I TC H BAC K 
LOG IC & W I LL O PERATE OUTS I DE 
ll-l3V RANGEl 

MCC ACT I V I T I ES 
• MON ITOR TM DATA FOR RESERVE POWER 

( PCU S HU NT) & ADJUST LOAD S  BY COM
MAND TO AVO I D  R I PPLE-OFF, SW ITCH
OVE R ,  OR SYSTEM FA I LURE 
NOTE: ( 1 )  RESERVE POWER TM ONLY 

EVERY 54 SEC 
(2) EXPER POWER P RO F I LES ARE 

VAR IABLE & ASYNCH RONOUS 
(3 )  NO TM O F  I N D I V I D UAL EXPER 

POWER 
(4) PCU SHUNT LOAD VAR lAT IONS 

CAUSE NON-L I NEAR ( BUT P RE
D ICTA BLE) I NTERNAL D I S S I PA
T I ON I N  PCU .  TH I S  CAN CAUSE  
SER I OUS  THERMAL D I STUR BANCE 
OF CENTRAL STAT ION  

• MA I NTA I N, AS A FL I GHT CONTROL TOOL, 
A POWER/THERMAL FORECAST FOR 
SEVERAL HOU R S  I N  ADVA NCE & PA RT I CU
LARLY BEFORE MAJOR COMMAND OR 
T I MER EVENTS 
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COMMAND FUNCT ION  STATUS BOARD 

REQU IREMENT 

• ALSEP 1 W I LL USE 65 OF THE 100 
AVAI LABLE CMDs (REMAI NDER 
MAY BE CONS I DERED I NVAL I 0) 

• S I DE USES 5 CMDs MULTI PLEXED 
TO PERFORM 2 ONE-T1 ME & 15 
REPETIT IVE FUNCTI ONS RESULT
I NG I N  890 "CONF IGURAT I ONS" 

• PSE & LSM U SE S INGLE CMD s 
REPET IT IVELY FOR MULT I-STATE 
FUNCTIONS 

• CMDs I NTERACT; EXAMPLE, ONE 
CMD ADDRESSES X, Y OR Z-AX I S  
WHILE THE NEXT CMD ACTIVATES 
THE ADDRESSED UN IT ( PSE & LSMl 

• LSM HAS 7-STATE FUNCTIONS; 
CMD MUST BE SENT 7 T IMES TO 
RETURN TO I N IT IAL STATE 

• RESULT FOR LSM I S  20, 000 
"CONF IGURAT I ONS" 

• I NTERNAL T I MER PROV I DES 
SCHEDULED FUNCTIONS 
(BACKUP TO EX I ST I NG CMOS) 
& I NTERNAL PROTECT I ON 
CAUSES UNSCHEDULED 
SW ITCHI NG APR 69 5 178. 16.8 



DETA ILED MON ITOR ING  ACT IV IT I ES  

• ALSEP START -U P  ACT I V I T I ES 
• EXPER I MENT TU RN-ON 
• TY P ICAL EX PER CHEC KO UT 

(EXAMPLE, P SE) 

• TY P ICAL ALS EP 1 MCC O PERAT IONS  
• FU NCT I ONAL C HEC KS 
• C R I T I CAL PARAMETE RS 
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EXPER IMENT TURN - ON  

ALSE P  l 

• C HECK S /N RAT I O  AT MSFN 
• SYNC & DECOM AT MCC 
• CMD BACK- U P  DATA MODES AS REQ U I RED 
• CMD EXPER I MENT 2 O PER ( LS M) 
• VER I FY RECE I PT & EXECUT I ON OF CMD 
• CONF I RM POWER LOA D & RESERVE POWER STATUS 
• CMD EXPER I MENT l O PER ( PS E) 
• VER I FY CMD EXEC UT I ON & POWER STATUS AS  A BOVE 
• CONT I N UE FOR EX PER I MENTS 3 & 4 ( SWS & S I DE)  
• CMD DUST DETECTOR ON 
• VER I FY PRESENCE OF D UST DETECTOR DATA 
• CONF I RM POWER STATUS 
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TYP I CAL EXPER IMENT  C H ECKOUT  
( EXAMPLE,  PSE )  

• CHECK S C I ENT I F I C  & ENG I NEER I NG DATA OF THE  PSE  

• UN CAGE PSE  (MAY OCC UR PR I OR TO  LM AS CENT) 

• LEVEL THE PSE  

• CAL l B RATE THE P S E  

• C HECK TEMPERATURE OF THE P S E  

• COLLECT BAS EL l N E  P S E  DATA 
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TYP I C AL A LS EP  1 M C C  O PERAT ION S  
POST 45 DAYS 

l. BR l NG B IT STREAM I N  BU I LD l NG, DECOM, PROC E S S ,  & BR l NG 
U P  D I S PLAY S ;  MEANWH I LE, VER I FY THAT CMD PANEL I S  HOT 

2. C HECK C M D  FU NCT I ON STATU S FOR CHANGES S I NCE  END OF 
PREV I OU S  MON I TOR  l NG PER IOD  

3. COMPARE POWER/THERMAL STATUS TO  FORECAST 

4. O BSERVE CENTRAL STAT ION PARAMETER S  FOR OUT-OF-L I M I TS 
CON D IT I ON S  OR OTHER ANOMAL I ES ;  I F  ANY EX I ST, LOG 
STATUS ,  DETERM I NE CAUSES ,  & CMD AS A PPROPR I ATE 

5. EXAM I NE PSE FOR SAT I S FACTORY DATA ( 1. 2 SEC);  SEN D  
C ORRECT IVE C MD s ,  I F  NECES SARY 

6. EXAM I NE LSM D ATA (9. 66 SEC) FOR PROPER O PERAT I ON 
& SETT I NG S ;  CMD A S  REQU I RED  

7. DETERM I NE WHETHER SWS IS  FUNCT I ON I NG PROPERLY BY 
O BSERV I NG FULL D ATA CYCLE ( 7. 6 M I N) ;  NO FUNCT I ONAL 
C MD s  TO SWS EXCE PT POWER O PER/ STBYtOFF 

8. EXAM I NE S I DE DATA ( FU LL CYCLE :::: 1 H R) FOR PROPER 
O PERAT ION & MEASUREMENT RANGE S ;  A DJ U ST BY C M D  
I F  NECES SARY 

' 

NOTES 

• I N D ICATED T I MES  ARE FOR 
ONE CYCLE OF DATA AT 
NORMAL B IT RATE 

• MA INTA I N  LOG OF ALL 
C MD s  S ENT & STATUS 
C HANGES 

• I N D ICATED TAS KS DO NOT 
HAVE TO BE S ER I A L  
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TRANSM ITTER  CH ECK  

• C HECK XMTR A C RYSTAL & HEAT S I NK TEMPERATURES 

• C HEC K RF OUTPUT POWER LEVELS 

• SW I TCH TO BACKUP XMTR,  I F  REQU I RE D  

• C HECK XMTR B TEMPERATURES & POWER LEVELS AS  A BOVE 
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D IAGNOST IC  C H E CKS 

• C HECK LEVEL OF RECE I VE D  POWER AT MSFN STAT I ON 

• C HEC K P REL l M I T  I NG S I GNAL LEVEL OF ALS E P  RCVR 

• DETER M I NE CENTER FREQUENCY OF ALS E P  RCVR BAND PAS S 

• DETERMI NE RF LEVEL OF ALS E P  RCVR LOCAL OSC I LLATOR 

• C HECK FOR PRESENCE OF 1 KHz S U BCARR I E R  

• C HEC K OUT P UT VOLTAGES OF D U S T  D ETECTOR 
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TEMPERATURE  CHECKS AND TH ERMAL  CONTRO L  

• CHEC K CENTRAL STAT I ON TEMPERATURES 

• CHECK RTG TEMPERATURES 

• CHECK D U ST DETECTOR TEMPERAT U RES 

• CMD CENTRAL STAT I ON HEATER ON/ OFF, AS  REQU I RE D  
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POWER SU P P LY STATUS CH E CK  

• VER I FY THAT PCU 1 I S  O PERAT I NG 

• CHEC K PCU 1 TEMPERATURES 

• C HECK PCU 1 OPERAT I NG VOLTAGES 

• CHECK POWER RESERVE STATUS 

• CMD POWER D I S S I PAT I ON RES I STORS ON/OFF AS REQU I RE D  

• SW ITCH TO P C U  2 ONLY I F  FA I LURE I S  I MM I NENT 

• C HECK ADC CAL l B RAT I ON 
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CR IT I CAL CENTRAL STAT IO N  PARAMETERS 

EQU I PMENT CONT I NGENCY CORRECT I VE ACT ION 

1. RTG HOT & COLD FRAME TEMPS 
1 .  MAY BE UNDER LOAD OR OVER-

ABNORMALLY HI OR LO 
LOAD BUT PROBABLY I NC I PENT 
FAI LURE & NO CORRECTI VE 
ACTI ON; COLLECT MAX DATA I N  

POWER 
Tl ME REMAI Nl NG 

2. UNDERLOAD OR OVERLOAD. AD-
2. PCU SHUNT CURRENT HI OR LO 

JUST PDR  & S W I TCH EXPER 
OPER/STBY TO LOCATE CAUSE 

3. ABNORMAL PCU TEMPS OR 
3. ADJUST LOADS & P REPARE TO 

VOLTAGES 
SW ITCH PCU 2 I F  S ITUAT I ON 
DETER !_ORATES 

l. LOSS OF CARR I ER,  MODULA-
1. S W I TCH TO ALTERNATE XMTR OR 

TI ON OR SYNC 
DATA PROCESSOR 

2. WEAK OR NO I SY S I GNAL 
2. SWI TCH TO LOW B I T  RT & TROU BLE 

3. LOSS OF 6 OR 15 ANALOG 
SHOOT (LSM DATA I NVALI D I N LBR)  

DATA CHANNELS 
3. MULTI PLEXER MALF; SWI TCH TO 

4. SUBCOMM DATA NOT OK 
ALTERNATE DATA PROCESSOR 

5. NON-ZERO IN CMD VER I F  
4. SWI TCH DATA PROCESSORS 

WORD WHEN NO CMD WAS 
5. I NC I P I ENT DECODER LOCKOUT; 

SENT 
S W I TCH TO ALTERNATE DATA 
PROCESSOR BEFORE SENDI NG ANY 

6. ABNORMAL TEMPS I N  COM-
OTHER CMOS 

PONENTS (OR ENTI RE CENTRAL 
6. SWITCH TO REDUNDANT EQU I P  

STATI ON) (MAN HTR ON/OFF) 
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CRITICAL PASSIVE SE ISMIC PARAMETERS 

CONT INGENCY COR RECT IVE ACT ION COMMENTS 

1. I NSTRUMENT OFF-LEVEL 1. CMD LVL, AS NECESSARY 1. 5 1  NCE LEVEL SHOULD 
( I ND I CATED BY Tl DAL DATAl CHANGE SLOWLY ( I F  

AT ALU ANY CMD 
LVL SHOULD BE 
CLEARED WI TH P I  

2. SE I SM IC  DATA OFF SCALE 2. ADJUST AMPLI FI ER GA I NS 2. SEE NOTE 
OR I NS I GNI F I CANT 

3. ERRATI C Tl DAL DATA 3. CMD PSE Fl LT OUT 3. WI TH Fl LT OUT, 
Tl DAL DATA SHOULD 

BE SAME AS S E I SM I C  

4. ABNORMAL TEMPS 4. CMD PSE HTR AIM & REG- 4. AUTO/MAN CMD HAS 
ULATE TEMPS MANUALLY 4 STATES & HTR CAN 
(PSE CAN OVERHEAT BE SWITCHED FULL 
QU I CKLY, TH I S  ACTI ON ON OR FULL OFF; CAN 
I S  URGENT) ALSO SW ITCH ALL 

PWR OFF I F  TEMPS 
ARE R I S I NG RAP-
I DLY 

5. POS S I BLE OUT-OF- 5. CMD CALI BRATI ONS 5. CALl B I NTERVALS 
CALI BRATI ON (TI MER ON SHORT TBD 

PER I OD) 

NOTE: 
AVO I D SEND I NG ANY COMMANDS DUR I NG S I GNI FI CANT SE I SM IC  ACTI V I TY 
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CR IT ICAL MAGN ETOM ETER PARAM ETERS  

CONT I NGENCY COR R ECT IVE ACT I ON COMMENTS 
l. S C I ENCE DATA NEAR FULL- l. A DJUST GAl  NS & OFFSETS I. POS S I BLE D U E  TO C HANGES I N  LUNAR 

SCALE ,  NEAR ZERO, OR A S  NECES SARY ENV I RONMENT (NOTI FY PI  PROMPTLY) 

OFF-CENTER 
2. ERRATI C OR TOO FRE- 2. CMD ALSEP Tl MER I N- 2. D UR I NG I NTERMITTENT MON I TOR I NG 

QUENT FLI P /CAL H I  B I T & FLI P/CAL BY FL I P/CAL BY T I MER (EVERY 12 HR) CAN 
LSM CMD BE DETECTED FROM SENSOR POS IT I ON TM 

3. S C I ENCE DATA NOT OK 3. CMD LSM Fl  LT I N/OUT 3. BYPAS S (REMOVAL) OF F I LTER RESULTS I N  
ROUGH, B UT USABLE, DATA 

4. NON-U N I FORM OR UN- 4. CMD LSM T CTL XY 4. SW I TCHES THERMAL CONTROL BETWEEN 
EXPECTE D  SENSOR TEMP S  (SEE NOTE) SENSOR HEADS (E I THER CAN BE SELECTED)  

5.  OTHER ABNORMAL 5. NO CORRECTI VE ACT I ON,  5. NO THERMAL CONTROL OVERR I DE & NO STBY 
TEMPS TUR N  EX PER OFF I F  I T  HTR ( I F  LSM I S  NOT OPERAT I NG, I T  HAS 

ENDA NGERS ALSEP NO POWER) 

NOTE: FOR BEST O PERATI ON,  FLI P /CAL MUST BE PERFORMED WHENEVER 
SENSOR TEMP CHANGES 3 o C 
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CR IT I C AL S I D E  PARAMETERS  

CONT I N GENCY COR RECT I VE ACT I O N  COMMENTS 
1. S I GNI Fl CANT CHANGE 1. ADJUST SAMPL I NG 1. POS S I BLY DUE TO CHANGE 

I N  Dl STR I BUTI ON OF MODE ( I NTERNAL PRO- I N  LUNAR ENV I RONMENT 
S C I ENCE DATA G RAMS STEP THROUGH (NOTI FY PI PROMPTLY); 

A RANGE; VAR I OU S  NON-NORMAL MODES MAY 
MODE CMDs DELETE SHORTEN TI ME FOR COM-
PORT! ONS OF TH I S  PLETE DATA CYCLE 
RANGE) 

2.  MAJOR DECREASE I N  2. CMD X 10 I NTEG RA Tl ON 2. MAKES FULL CYCLE � lO HR 
MEASURED FLUX 

3. OUT-OF-CALl BRAT ION 3. CMD CALl BRAT! ON 3. NORMAL MODE I NC CAL 
EVERY 2. 5 M I N  BUT OTHER 
MODES MAY NOT 

4. ABNORMAL TEMPS 4. CMD EXPER STBY OR 4. NO THERMAL CONTROL 
OFF I F  R I S I NG RAP I D- OVERR I DE 
LY 

OTHER CMDs  ALLOW PORTI ONS OF THE EXPER I MENT TO BE TURNED ON/OFF I NDEPEND-
ENTLY BUT THERE I S  NO CORRECTI VE ACTI ON FOR MOST OUT-OF-L IM I TS CON D I T I ONS 
OR HANG-UPS 

CC I G  PORTI ON OF 51  DE HAS TEMP MEASUREMENT I N  CONTACT W I TH LUNAR SURFACE 
(THE ONLY ONE ON ALSEP) 

DEC 67 5 178. 16 .20 



a 

AB 

AC 

A C C E L  
A C C PT 
ACK 
A C N  
A/D 
ADC 

ADD 

A D J  

A D V  

A E  

AEC 
A/F 

A GC 
AIM 

A LGE 

A LHT 

A l.S D  

A LSEP 

A LT 

AMPL 

AMP 

AMU 

ANT 
APPROX 

A/PW 

AR 

ARC 

AS E 

AS! 
ASSY 

ALSEP AB BREVIA TIONS 

ampere 

Analog Bistatic ( Di s c r ete ) 

Mea sur ement ( C ode ) 

A lternating Curr ent 

A c c eleration 
A c c ept 

Acknowledge 
A s c ens ion Island (MSFN) 
Analog to Digital 
Analo g - t o - Digital C onverter 

Addr e s s  
Adjustment 

Advance 

Analog Electrical Paramete r 

( C ode ) 

Atomic Energy C ommi s s ion 
Automatic /Forced 

Automatic Gain Control 
Aiming 
Apollo Luna r Geological E quipment 

Apollo Luna r Hand Tools 

Apollo Luna r Surfa ce Drill 

Apollo Lunar Surfa c e  Experi

ments Packag e  

Alte rnate 
Amplifier 

Ampe r e s - pi i s  AMPs 

Amplifie r (  s )  
Atomic Ma s s  Unit 

Antenna 

Approximate, Appr oximately 

Analog to Puls e  Width 

Analog T emp . of R T G  ( C ode ) 

Ame s  R e s earch C enter 

Active S e ismic Experiment 
Apollo Standa r d  Initiato r s  

A s s embly 

AS T R O  

A T  

A T T E N  

A U T O  

AWG 
AZ 
B l  

BATT 

BER 
B IOME D 

BKG 

B PS 

B T U  

c 
CAL 

CAP 

C CGE 

C CGE/A } 
C CGE/D 
C CIG 

C D P  

C/E 
C ENT S TA 

C FE 

C G  
C H  

C HAN 

A s tr onaut 
Analog T emperatu r e  Pa ramete r  ( Code ) 

Attenuator 

Automatic 

Amer ican Wire Gage 
Az imuth 

B ottom Location of Structu r e  
T emperature Mea surement 

Battery 

Bit E r r o r  Rate 
B iomedical 

Backgr ound 

Bits per S e c ond 

B r itish The rmal Unit 

C entigrade 

Calibrate, Calibration 

Capacito r 

C old Cathode Gauge Exper iment 

( Pa rt of SIDE ) 

Analog and Digital ID R ead Out 

fr om C C GE 

C old Cathode Ion Gauge ( Instru
ment Portion of C C G E )  
C ommand Data Proc e s s or 

C entral Electr onic s ( of ASE )  

C entral Station 

C ontractor - Furnished Equipment 

C enter of Gravity 

Change, Channel ( Data ) 

Channeltron; u s e d  in C PE a s :  

C HAN/1 Channe lt ron P/S # 1  
C HA N/2 Channelt r on P /S #2 

C HAN/HI Channelt r on Volta g e  

Inc r ea s e  ON 
C HAN/LO Channelt r on Volta g e  

Inc r ea s e  OFF 
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C IR C  
C K T  

C K T  BKR 
C LD 

C Mzyx 

C M  

C MD 

CNB 

C N T ( s )  
C N T R  

c o  
C OAX 
C O N  

C OMM 

C ONFIG 
C ONN 

C ONT 

C ONY 

C PE 
C PLEE 

C PS 

C R T  
C S T  

C T L  
CUR 
cv 
C VR 
C R V/S 
C W  
db 

dbm 

DC 

DDP 

DE C OM 

C ircula r 
C ir cuit - C K TS ( Pl )  

C ir cuit Br eaker 
C old 

Continuous Motor ( C onnections on LSM )  

Command ( C MD s ,  C ommands} 

C ommanded 
Canb e r ra, Au stralia ( MS F N )  

C ount ( s )  
C ount er 

Continuous ( Motor Cir cuit on LSM )  

C oaxial Cable 
C onne ctor 
C ommunications 

C onfiguration 

C onnection 

C ontr olled - C ont r ol 

( C ont . = Continued )  

C onverter 

S e e  C PLEE 

Char ged - Particle Luna r Environ
ment Exper iment (Also C PE )  
Cycle s per S e c ond 
Cathode Ray Tube 
C entral Station T imer 
C ont rol 
C u r r ent 

C ommand V e r ification 
C ov e r  

C over and Seal ( u s e d  o n  SID E )  
C lockwi s e  
D e c ibels 

D e c ibels,  with r efer enc e  to one milliwatt 
D i r e ct Cur rent 

Digital Data Pr o c e s s o r  
D e c ommutate, Dec ommutation 

DEF 

DEG 
DEMOD 

D E T  

DIAM 

DIR 

DIR/V 

DISS IP 

DIS T 
DSS 

E 
ea 

E G F U  

E L  

E LE C T  

E LE V  

E M  
E MI 
ENG 
E OS 

E PS 

EQ UIP 

E Q UI V  
ev 
E VA 

EXP 
EX PER 

EXT 

F 

F E P  
F E T  

D efle ction 

De g r e e s  

Demodulator 
Detect, Detection, Detector 

Diamet e r  

D i r ection 

D i r ection and Speed ( u s e d  on PS E )  

D i s s ipation 

D i s t r ibution 
Data Sub s ystem; 
include :  

c omponent s  

DSS/A 
DSS/D 

DSS/PR OC 

Analog Data P r oc e s s o r  
Digital Data P r oc e s s o r  
C omplete Data 

Proc e s s or ( R e dundant ) 

Ea st 
Each 
Electronic s /Gimbal Flip Unit ( LSM ) 
E levation 

E lectrical 

Elevation 
Electromagnetic 
E lectromagnetic Int e rfer enc e 
Enginee r ing 
Elect r o - Optical System s  ( X e r ox )  

Electrical Power Sub s y stem 

E quipment 

Equivalent 

Electron Volt s  
Extravehicular Activitie s  ( or 

A stronaut ) 
Exp e r iment 
Exper iment 

External 

Fahr enheit, Flight 

Fluor inated Ethylene Pr opylene 
Field Effect T r a n s i s tor 
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FILT 
F LD 

F LI P/CA L 

FREQ 

Filter 

Field 

Flip/Ca librate ( LSM ) 

Fr equency 

FT 

F T T  
FWD 

g 
GAL 
GDS 

GDT 

GEN 

GEO 

GFE 
GHz 

G LA 

GMB L 

GMT 
GND 

GS F C  
G T  

PROBE 
1---

Foot 

Fuel T ransfer Tool 

Forwa rd 

G ravity 
G ravity (used a s  f1 gal on PSE )  

Goldstone, Ca lifornia ( MS F N )  
Gradient S ens or Delta T empera 
tur e s  ( HF E )  

I 2 
- ·-

BRI DGE UPPER LOWER UPPER LOWER 
HIGH 
SENSI TIVITY GDTllH GDT I 2H GDT2 1 H  GDT22H 
LOW 
SENSITIVI T Y  GDT I I L  GDT I2L GDT 2 1 L  GDT22L 

Generator 

Geophone 

Gove rnment - Furnished Equipment 
GigaHe rtz 

G r enade Launch A s c: emblv (a 

c omponent of AS E )  
Gimbal 

G r e enwich Mean T ime 
Gr ound 

Godda rd Spa c e  Flight C enter 

Gradient Sensor Ambient T em
peratur e s  ( HF E )  

PROBE I 2 f--- UPPER I LOWER UPPER I LOWER BRIDGE 
CODE GT I I  I GT 1 2  GT21  I GT22 

GWM 
HAW 

HBR 

HE C PA 

HFE 

HI 
HK 

HORIZ 
HR 

H/S 
HTR 

H V  

Hz 

ID 

IF 
IN 
IN . 

INC 

INHIB 
INS T 

INS U L  
I N T  

INTE G  

ISO 

JPL 

K 
K B PS 

kev 
KHz 

KS C 

K V  
K W  

Guam ( MS F N )  

Kauai Island, Hawa i i  ( MSFN ) 
High Bit Rate 

High Energy Curved Plate 
Analyz e r  (a c omponent of S ID E )  

Heat Flow Exp e r iment 
High 

Hous ek e eping, High C onductivity 

( HF E ) 
Hor iz ontal 
Hour 

High Speed 

Heat e r ;  on HF E the r e  are two 

ca s e s :  

HTR /HK High C onductivity Heater 

HTR/LK Low C onductivity Heate r  

High Volta g e  
H e rtz 

Identification 

Intermediate F r e quency 
Input 
Inch 

Including, Inc luded, Inc r ea s e  

Inhibit 
Inst rument 

Insulation 
Interna l  

Int eg rator 

P r efix meaning " s ingle " 
Jet Pr opuls ion Laboratory 
K e lvin, Kilo 
Kilobits pe r S e c ond 
Kilo - Elect r on Volt s  
Kilo Hertz 

K ennedy Spa c e  C ente r  

Kilovolt 
Kilowatt 
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LB 
LBR 
L E C PA 

LGE 

LK 
LM 

LO 

LOG 
LP 

LPDT fJ. L  

LS B 
LSM 

LV 
L V L  
M 
MA 
MAD 
MAP 

MAX 
M C C  
MDE 

MEAS 
M E C H  
M E G  

M F G  
MHz 
MIN 
MISC 
MODE 

MON 

Pound ( LB s ,  plural )  
Low Bit Rate 
Low Ene rgy Curved Plate 
Analy z e r  (a c omponent of S ID E )  
Luna r Geological Equipment 

Low C onductivity ( HFE ) 
Luna r Module 

Low 
Loga r ithmic 
Launch Pha s e ,  Long Per iod ( PS E ) 

Low- Power Diode T ransistor 

Mic r o  Logic 

Lea st Significant Bit 
Luna r Sur fa c e  Magnetometer 

Low Voltag e  

Level 
Met e r  
Milliamp e r e  
Mad r id ( MSFN ) 
Me s sa g e  A c c eptanc e Puls e  
Maximum 
Mi s s ion C ontrol C ente r  

Mode 
Mea sur ement 
Mechanical, Mechanism 

Million (as in Megohm ) 
Manufa ctur ing 

MegaHertz 

Minimum, Minute 
M i s c ellaneous 
Operating Modes a r e  defined a s  

follow s : 
for HFE 
MODE/G Gradient Mode 

MODE/HK High C onductivity Mode 

MODE/LK Low C onductivity Mode 
Monitor ( ing ) 

MS 

M S B  

MSC 

M S E C  

M S P  
MSFN 
M T G  
M T R  

M U X  

M V  

mw 

MW/CMZ 
mfl 
N 
NA 
NASA 

N B R  

N E G  
N G  
N i  

N O .  
NORM 

N R C  

N R Z  

O P E R  

OR ' ED 

0/S 

osc 
0/T 
OUT 
PARAM 
P C B  

P C M  
P C T  

Milli s e c ond (als o MSE C )  

Most Significant Bit 

Manned Spa c e c raft Cent e r  

Milli s e c ond 
Mea sur ement S equenc e Prog ramme r 
Manned Spa c e  Flight Network 

M ounting 
Moto r ;  on PS E ,  the thr e e  moto r s  

a r e  MT RX, MTRY, and M T R Z  

Multiplexer 

Millivolt 

Milliwatt 
Milliwatt s p e r  Squa r e  C e ntimete r  

Millimi c r on 

No rth, Numb e r  
Nano Amp e r e s ,  Not Applicable 

Nationa l  A e r onautic s and Spa c e  
Admini stration 
Normal Bit Rate 
Negative 

No Good 
Nickel 

Numb e r  

Norma l  
National R e s ea r c h  C o r poration 

Non- Return to Z e r o  

Operate, Oper ation, Ope rating, 

Operator, Ope rational 
Proc e s s ed thr ough an " O R "  gate 

Offs et 

O s c illator 

One - Time 
Output 

Parameter 

P r inted C ir cuit B oa r d  

Puls e C od e  Modulation 

P e r c ent 
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P C U  
PDR 
PDU 
Pe 
PERF 
PET 

PF 

PHYS/AN 

PKG 
PL 
PLSS 

PM 
POS 
POSN 

PRA 

PREAMP 

PRE LIM 
PRE/LIM 

PRE/REG 

PRI/ST 
PROP 

PROC 
PROG 
P/S 

PSE 

Power C onditioning Unit 
Power Dis s ipation R e s istor 
Power Distribution Unit 

Pr obability of Bit E r r o r  
Performanc e 
Packag e E laps ed Time ( f r om 
R TG Plug - In) 
Picofarad 
Phy s ical Analyz e r  ( a  c omponent 

of the C PLEE ) 

Packag e  

Plane 
Po rtable Life Support System 

Pha s e  Modulation 
Positive 
Position 

Parabolic R eflector Array ( of LSM )  
Pr eamplifie r  

Prelimina r y  
Pr e - Limiting 

Pr e - Regulator (a c omponent of 

the SIDE Power Supply )  

P r ima r y  St ructur e 
Pr oportional 

Pr oc e s s or 

Pr og rammer 
Power Supply 

Pa s s ive Seismic Expe r iment; 

a l s o :  

PSE/LP Long Pe riod Sens or s 

PSE/SP Short Period Sens or 
PS E/LP /S P  Long and Short 
Period Sensor s 

Long Pe riod Sens o r s  a r e  
furthe r  defined a s  PSE/X, 
PSE/Y, and PSE/Z while 
PSE/XY denot e s  the two hori
z ontal long pe riod s en s or s  

PSI 
PSIA 

Pu 2 3 8  
PWR 
Q T Y  

R 
RAD 

RAD/S E C 2 

R C V D  

R C VR 

RDT 

PROBE 
BRI DGE 
CODE 

R E  

R E F  
R E G  
R E P  

REQD 
R EQMT 
RES 

RMX, Y, z 

RNG 

ROT 
RST 

R T  

R T  

PROBE 

Pounds per Squa r e  Inch 
Pounds per Squa r e  Inch 
Ab s o lute 
Plut onium I s otope 

Power 
Quantity 

R e s i stor (used a s  R l  and R2 ) 
Radians 

Radians per S e c ond per S e c ond 

R e c e ived 

R e c e ive r  

Ring S e n s or Delta T empe r a 

tur e  ( HF E ) 

I 2 
UPPER I LOWER UPPER I LOWER 
RDT l l  -� R DT I 2  RDT21 I RDT22 

R efe r enc e ( Moto r  C i r cuit on LSM ) 

R efe r ence 
Regulator, Register 
R epetition 

R equir ed 
R e quir ement ( RE QM T s ,  pl)  
R e s e rv e  

Refer enc e Motor ( connections o n  LSM: 

e. g . , RMX) 
Rang e  

Rotation, Rotate 
R e s et 
Rate (a s in BIT R T ,  C N T  R T ,  

etc . ) 
Ring Sensor Ambient T empe r a 
tur e s  ( HFE ) 

I 2 
BRIDGE UPPER I LOWER UPPER I LOWER 
CODE RT ! l  T R T I 2  R T 2 1  I RT22 
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R T C  

R T E  

R T G  

R TN 

s 
sjc 
S CAS 
S C I  

S E C  
S E L  

SEQ 

SEQ 

SIDE 

SIG 

R eal Time C ommand 

R eal T ime Event 

Radiois otope The rmoelectric 

G enerator 

R eturn 

S outh 

Spac e c raft 

S outhw e s t  C ent er for Advance Studie s 
Scientific , Science 

S e c ond 
S ele ct, Selector , Selection 

S e quenc e, 
HFE a s :  

SEQ/FU L 
S E Q/Pl 

S E Q/P2 

Sequential;  used on 

Full Sequence 
Pr ob e  l Sequenc e 
Pr obe 2 Sequenc e 

U s ed on ASE a s :  

S E Q/S S equential 

S c ientific Equipment (a Bay in LM) 

Suprathermal Ion Detector Ex 

p e r iment; a ls o :  
S IDE/A Analog and Digital 
SIDE /D Volta g e s  or R eading s 
SIDE /HE High Energy Analog 

Data 

SIDE/ LE Low Energy Analog 
Data 

SIDE/ LHE Le a st Signific ant H igh 

Ene rgy Digital Data 
SIDE /LLE Least Significant Low 

Energy Digital Data 

S IDE/MHE Mo s t  Significant High 

Energy Digital Data 
SIDE /M LE Most Significant Low 

Energy Digital Data 
Signal 

S LA 

SMEK 

S/N 

SNA P 

SNSR 

sos 
S P  

S PE.C 
S PS T  
S R C  
SjT 

S TA 
S T B Y  
sw 
sws 
SYNC 

T 

T o 
T A P LE 

T B D  

T C  

T EM P  

T ERM 

™ 
TMR 
T N T  
T ORR 
T RANS 

Spa c e c raft/LM A da pt e r  

Summa r y  Me s sa g e  Enable Key

boa r d  
S ignal t o  Noi s e  
Sy stems for Nuc lea r Auxilia ry 

Powe r - Type 2 7  

Sens o r  
Spac e Ordnanc e System s ,  Inc . 
Split Pha s e, Short Per iod ( PS E ) 

Spec ification 
Sing l e  Pole, Single T h r ow 
Specimen R eturn C ontainer 
Structu r e/The rmal 

Statu s ,  Station ( C ent Sta ) 
Standby 

Switch 
Sola r Wind Spectr ometer 

Synchronization ( abbr eviated "SY " 
on A POLLO) 

T empe ratur e  (als o used a s  

" Th e rma l "  on A LS E P )  
Z e r o  Refe r en c e  Time o f  T imer 

T e lemetry for Apollo Pa s s iv e  

Luna r Experiments 

To Be Dete rmined 

Thermoc ouple ;  on HFE, four 

c able amb ient temp e ratu r e s  

a r e  r ea d  o n  each Probe : 
T C lA, T C l B, T C l C , T C l D  ( Pr obe l )  

T C 2A, T C 2 B, T C 2 C ,  T C 2 D  ( Pr obe 2 )  
T empe ratu r e  ( T EMPs, p l ) 

T e rminal 
T e lemetry 
T ime r 

T r initr otoluene 

Unit of Pr e s s u r e  ( one Millimet e r  of M e r cu r y )  
T ransmitt e r  
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TRW 
TV 
UHT 

USGS 

uv 
v 

V e e  
vco 
V DC 

VER T 

V /FILT 

V/M 

VSWR 
w 
W l , Wz , 

WD 

W R T  

W T  

XMTR 

XYZ ) 
XYO 
Y R  

'{ 
f.L GA L 
f.L S E C  

w3 

T R W, Inc .  ( Manufa ctur e r )  

T e lev ision 

Univer sal Handling T o ol 

United Stat e s  Geological Survey 

Ultraviolet 
Volt, Veloc ity (u s e d  to indi

cate "Speed " on PSE in " LV L  
DIR/V " )  
T ransi stor Supply Volta g e  

Voltag e  Controlled O s c illator 

Volts Dir ect Cur r ent 

V ertical 

Velocity F i lt e r  

Volts per Meter 

V olta ge Standing Wave Ratio 

Watt, W e s t  

W a l l  Locations of Structu r e  

T emperature s 

W ord ( W D s ,  pl ) 

With R e spect To 
Weight 

T r ansmitt e r  

A x e s  of LSM, whe r e  X Y O  

indicat e s  
X ,  or Y ,  o r  neither 

Yea r 
Gamma (unit of Magnetic Flux ) 
Mic r ogal 
Mic r o s ec ond 
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