
NATIONAL AERONAUTlcr ANn SPACE ADMINISTRATION 

. } 
Apollo Lunar Surface 

Experiments Package 


Apollo 17 ALSEP ( ARRAY E ) 
Familiarization Course 
Handout 

For Training Purposes Only 

BSR 3270 

1 September 1972 

Contract NAS 9-5829 

(NASA-CR-128636) APOLLO LUNAR SURFACE N73-12459 
EXPERIMENTS PACKAGE. APOLLO 17 ALSEP 
(ARRAY E}FAMILIARIZATION COURSE HANDOUT 
(Bendix Corp.)· 1 Sep. ,1972 262 p CSCL 14B 

·· . . ... . 
• •••••• I · ·.. . . .. . . . . .. . . 

' ·...... . · . . . . ..·...... . · ..... . · ...... . · ..... . · . 
Prepared for 

MANNED SPACECRAFT CENTER 
HOUSTON,TEXAS 

by· ...... .· ..... .· ...... .· ..... .· ...... .· ..... .· ...... .· ..... . Aerospace· ...... .· ..... .· ...... .· ..... . Systems Division· ...... .· ..... . 

MSC FORM 2026A (JUN 66) 

o I 



Apollo Lunar Surface 

Experiments Package 


Apollo 17 ALSEP (ARRAY E ) . 
Familiarization Course 
Handout 
For Training Purposes Only 

BSR 3270 

1 September 1972 

Contract NAS 9-6829 

Prepared for 

MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

by 

Aerospace 
Systems Division 

ii 



TABLE OF CONTENTS 
LESSON 

1. BACKGROUND AND OVERV lEW 

2. POWER AND DATA SUBSYSTEMS 

3. LUNAR SURFACE GRAV IMETER 

4. LUNAR MASS SPECTROMETER 

5. LUNAR SEISMIC PROFILING EXPERIMENT 

6. LUNAR EJECTA AND METEOR ITES 

7. HEAT FLOW EXPER IMENT 

iii 



APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 


IE =....:~-.~~~~-= -~. :'.. - - ~ ~ ... -'" - .......,.

.~-"'" ~ ...... _ ..-t--7~·.- __'t"·~ ,.- - .~-=-

.9.?<- -~:~~.:. ALSEP':>- ,-..~ C:~';':"'-'-~_"""'.'__ ~~ 
......... - .•-' --:to.lo.~~ --- '-' ---... ~~-et
~ --- .. -" - c;;.,...., "'-- ~c::..- . ' -- '- -.... ­

~ c ~.:;e A PACKAGE OF SCIENTI FI C I NSTRUMENTS AND SU PPORTI NG.",.;. ~~ 
SUBSYSTEMS FOR USE ON THE LUNAR SURFACE :' 

e CARR lED ON APOLLO, DEPLOYED BY ASTRONAUT 
eTWO-YEAR CONTINUOUS OPERATION (S-YEAR GOAL) FOR 

APOLLO 17.· PREVIOUS ALSEP'S HAD ONE-YEAR DES IGN LIFE. 
FEB 72 3270.1.1 
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MISSION ASSIGNMENTS 


.~ APOLLO 11 12 13 14 15 16 

ALSEP "'" LOCATION 23.4°E 23.5"W 
EXPERIMENT O.rN 3.0

0 
S 

PASSIVE SEISMIC EXPERIMENT • • 
ACTIVE SEISMIC EXPERIMENT 

SUPRATHERMAL ION DETECTOR • 
COLD-CATHODE ION GAGE • 
SOLAR WIND SPECTROMETER • 
CHARGED-PARTICLE EXPERIMENT 

LUNAR SURFACE MAGNETOMETER • 
HEAT FLOW EXPERIMENT 

LASER-RANGING RETRO-REFLECTOR • 

• 

• 
• 

• 

17.5"W 3.rE 
3.rS 26.1°N 

• • 
• 
• • 
• •

• 
• 

•
• 

• • 

15.5°E 
8.90 

S 

• 
• 

•
• 
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APOLLO 17 (ARRAY E) MISSION ASSIGNMENTS 

• 	SECOND GENERATION OF LUNAR SCIENTIFIC 

MEASUREMENTS: 

- LUNAR SURFACE GRAVIMETER FOR 

INVESTIGATION OF GRAVITY FIELDS 

(PI: JOSEPH WEBER, UN IVERS ITY OF MARYLAND) 


- LUNAR MASS SPECTROMETER FOR 

ATMOSPHER IC SPECTRUM ANALYS IS 

(PI: JOHN H. HOFFMAN, UNIVERS ITY OF TEXAS) 


- LUNAR SEISMIC PROFILING EXPERIMENT 

FOR DETERMINATION OF SUBSURFACE 

PROPERTIES TO SUBSTANTIAL DEPTHS 

(PI: ROBERT KOVACH, STANDFORD UN IVERS ITY) 


- LUNAR EJECTA AND METEOR ITES EXPER IMENT TO 

DETERMINE LONG-TERM COSMIC INFLUX EFFECTS 

(PI: OTTO BERG, GODDARD SPACE FLIGHT CENTER) 


- HEAT FLOW EXPER IMENJ TO COMPLEMENT 
AND SUPPLEMENT PREVIOUS ONES 
(PI: MARK LANGSETH, LAMONT DOHERTY GEOLOGICAL OBSERVATORY) 

FEB 72 3270.1.4 
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EARTH·MOON COMMUNICATIONS 


Manned 
Spacecraft 

__ - - _ Center 

Computation and '" 

/ Analysis (Off-Line) , 


........!\ 


~,apes 
I L 7 

\ ~ 

High-Speed 
Data ... 

Comma,nds / L 
_ )( /' Wide-Band 

......... //, Data 
'// " .........(48,000 Bits/Sec)\ 

/~ 

\. 
"-

./ '/ - .//' \ ---
\ 

. ~/ 

~ 

(2400 BitS/SeC)/ " 

I 
\Goddard 

Space \ 
Flight 
Center 

......... 
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ANTENNA POINTING CONSTRAINTS 


LUNAR LlBRATlON: AN APPARENT WOBBLING MOTION AS VIEWED FROM THE 
EARTH; CAUSES EQUIVALENT EARTH MOTION IN LUNAR COORDINATES 

PRINCIPAL EFFECTS: 
± 7.5° LUNAR LONGITUDE DUE TO: 

'CONSTANT ANGULAR RATE OF MOON ABOUT ITS AXIS 
VARIABLE ANGULAR RATE IN ELLIPTICAL ORBIT AROUND EARTH 

± 6.5° LUNAR LATITUDE DUE TO: 
INCLINATION OF MOON'S ROTATION AXIS TO ITS ORBITAL PLANE 

SECONDARY EFFECTS: 
NON-SPHERICAL EARTh'& MOON 
SOLAR PERTURBATIONS 
GYROSCOPE & PENDULUM COUPLI NG a 

~ 
COMBI NED EFFECTS: PATIERN CHANGES 

~ 

MONTHLY & YEARLY 15 

~ 

~ 
ALSEP ANTENNA: 22° BEAM WIDTH DOWN ~ 

4.2 db AIMED AT MEAN CENTER OF PATIERN 

~ 

JULY-S[PTJlUO 

., I . .. " 
h " 'k: '-" I'" 

1 ' '* '" 1 "\"
01 ;;;: ..... 

,ym. ~ " ~ " I'
·1 I I, \: 1\:•. " " \: 

·1 ·6 ·4 -1 .2 

AlIKlTHOffsn tDt:CA[(SI 
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ANTENNA AND AIMING MECHANISM 


LONGITUDE ADJUSTMENT 
LOCK 

TWO WA Y GNOMON LONG ITUDE ADJUSTMENT 

LATITUDE 
J..LI' ADJUSTMENT 

SHADOW ADJU STMENT LOCK 
LOCK 

SHADOW ADJU TUBULAR BUBBLE 
LEVELS 

LEVELING ADJUSTMENTS 
FEB 72 3270.1.7 



ASTRONAUT SWITCHES 


ASTRO SW-l (BAC KU P ONLY) 

• 	 PURPOSE: TO ENABLE CREW TO SELECT REDUNDANT POWER COND ITiONER 

DELIVERED TO THE MOON IN CCW POS ITION 


• 	 UPON REQUEST, THE ASTRONAUT ROTATES SW-l FIRST CW THEN CCW 

(AS FAST AS HE WANTS TO), 


• 	 CW ROTATION SIMULTANEOUSLY OPENS RTG POWER LINE AND SIMULATES 

A COMMAND TO SELECT PCU 2. 


• 	 CCW ROTATION CLOSES RTG LINE, (APPLYING RTG PWR TO PCU 2), 

ASTRO SW-2 (LSP SAFETY SW ITCH) 

• 	 DELIVERED TO THE MOON IN CCW POS ITION 

• 	 CLOCKWISE ROTATION OF SW-2 CW ENABLES LSP OPER PWR LINE 

(29 VDC) 


FEB 72 3270.1.8 
• 	 COUNTER-CLOCKWISE ROTATION INHIBITS LSP OPERATION 
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ASSEMBLY 

CURTAIN ;s.. 
RETAINER 

" HANDLING 

SIDE CURTAIN 

/ 

ANTENNA 
MAST 

SUBPACKAGE 

NO.1 


STRUCTURE 


.... .. 
i 

THERMAL 
PLATE 
(MOUNTING
CENTRAL 
STATION 

. ELECTRONICS) 

THERtMLBAG 

FEB 72 3270.1.10 
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ARRAY ESUBPACKAGE NO.2 

Ol 
LEAM 

ASTRO-MATE 
CONNECTOR (LEAM) 

APR. 72 3270.1.11 
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SUBPACKAGE NO.2' 

STRUCTURE AND TOOLS 


STRUCTURE, SUB PACKAGE NO.2 

SUB PALLET 

ALSEP HANDLING TOOLS 

UNIVERSAL 
HANDLING 
TOOLS (2) 

FUEL 
TRANSFER 
TOOL FEB 72 3270.1.12 
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--

PACKAGES! 
\ ~::::=C=i:-~ 

TRAVERSE r._ 

DEPLOY 
~ 

GENERATOR 

LUNAR SURFACE ACTIVITY 


ALSEP 


DEPLOYMENT 

TASKS 


ASSOC IATED 

WITH LM 


DEPLOYMENT 
DUST COVERS 
NOT SHOWN 

ALSEP 

DEPLOYMENT 


TASKS AT 

EXPER IMENT 


SITE 


REMOVE 1~ FUEL 

fill"'" 
PREPARE FOR TRAVERSE 

/ 

DEPLOY 

ANTENNA ~, 

• ~ ~ DEPLOY 
. EXPER I fV1ENTS 

CENTRAL 
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GENERAL DEPLOYMENT CONFIGURATION 

(AT TAURUS LlTTROWj 

1__ 

--- Y N 

'Q I ~ - - -.~~ CENTRAL STATIO 

NO. 1 ~ ~ - -l~ " INOTTO SCAlfl~ ~~~__ . Y ~rNO.3 --._ 

EXPLOS IVE PACKAGES 
NO.4 ----- __ 1 

J _. ___ j> 

" 8 j>-e_GEOYHONES NO. NO. 1 ~~ _____ --1 
NO.6 

NO.5 

W~ J
N 

JUNE 72 3270.1.14 
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RTG FUELING 


THERMAL SHIELD 

RELEASE LATCH 
(LANYARD OPERATED) 

CASK IN ~ 
'- -FLIGHT POSITION / ~h /MOUNTlNG& 

-+~- -~~.vLM 
" __"'~~" '" ~~1 FITTINGSV-- . 

/-: .. ..,'" '" ROTATION MECHANI SM 

REMOVAL POSITION (LANYARD OPERAltD) ~ 
(ADJUSTABLE BY ASTRONAUT) 

STRUCTURE 

INTERFACE 

(GRUMMAN) 

FEB 72 3270.1.16 
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OF FUEL CAPSULE 

tgP'-......., i 
FUELCAPSULE~ 

MOUNTING 

RTG CUTAWAY 

HOT FRAME 

ASSEMBLY 

OUTER CASE 

(COLD FRAME) 

ASSEMBLY 


lUG 


END PLATE 

HERMETIC SEAL 

THERMOELECTR IC 
COUPLE ASSEMBLY 

HEAT REJECT ION 
FINS 

FEB 72 3270.1.17 
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POWER GENERATING FUNCTION 

RAD 10 ISOTOPETEMP TM 

THERMOELECTR IC 
CONVERTER 
(THERMOPILE) 

ELECTRICAL 
ENERGY 

}::­ ENERGY SOURCETO DSS 
ITFRAME RADIATIVE 
HEAT ___vuLD FRAME 
TRANSFER 

HEAT THERMAL I RADIATIVE 
REJECTION 

ENERGY I HEAT
FINS BORON 

I TRANSFERNITR IDE 
INSERT COLD FRAME 

POWERCOUPLE ICONDUCTIVE 
HEADERASSEMBLY HEAT 

1+ 16 VDC I TRANSFER
PCU}

CAP 
OUTER CASE 

&FINS 
FOLLOWER~~\I'II\I"~ 

I 
THERMAL 

COMPRESS ION RADIATION 
SPRING TO SPACE 
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_---------­

OPERATING DIFFERENTIAL (~n 
(OUTPUT DEPENDS ON TEMP & 

-

RTG WARM-UP CYCLE 

1500 

CAPSULE 

.~____----. HOT FRAME 

1000 

TEMPERATURE, 

DEG F 


,t 

~T) 
500 __--------COLD FRAME 

~___----FINS 

LUNAR SURFACE TEMPERATURE 
0. I I 	 I 

o 	 .5 1.0 1.5 
TIME FROM FUELING, HR 

FEB 72 3270.1.21 
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ALSEP COMMUNICATION CENTER 

EARTH/MOON 
COMMUNICATION LINK 

SC IENTIFIC 
SENSORS.

POWER 
I'" ~ ...I

• 
_ .. 

• 
CENTRAL STATION 

LABORATORY 
HOU SEKEEP ING 
SERVICES 
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~/ EXPERIMENT MOUNTING 

ASTRO HANDLE 

RTG CONNECTOR 

SUPPORTS 

_ 1,,1 THERMAL REFLECTOR 

THERMAL RAD IATOR 

DEPLOYED 

CENTRAL STATION DEPLOYED CONFIGURATION 

Do,i\ 

\ ,~ 


~~ 
\.--'\ 

HELICAL -------1\ ANTENNA ALIGNMENT 

ANTENNA MEeHAN ISM
\l 

SUNSH IELD 

ACTIVATION 

SW ITCHES 


\. 

CONNECTORS TO 

EXPER IMENTS 

APR. 72 3270.1.23 
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EFFECT OF SURFACE SLOPE 

ON ELECTRONICS TEMPERATURES 


LLJ 
c::: 
=>
I­
<C 
c::: 
LLJ
Q.. 
~ 
LLJ 
I­
LLJ 
(!) 
<C
c:::LL.. 
LLJO 

;;c ~ 60 
LLJO 
1-0
::Sz 
Q..c::: 
-J<C 
~ ~ 40 
c:::-J 
LLJ I­
~<C 
I­
Z 

20 
LLJ 
tn 
<C 
LLJ 
c::: 
U 
Z 0_'~"'__~~__~~__~~~~~~~~-6~~~~~~__~__~~__~A-__~____~ 

o 5 10 15 20 25 30 

CRATER SLOPE AND LUNAR SURFACE SLOPE (8) - DEGREES 

REAR 
CURTAIN 

LUNAR 
_ _ _ I _ 9 SU RFACE 

HORIZONTAL FEB 72 3270.1.24 
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THREE YEARS OF ALSEP OPERATION 


DEPLOYMENT DATA 

NO. OF EXPER IMENTS 

PRESENTLYOPERATING 

DESIGN LIFE (DAYS) 

OPERATION TO DATE* 

- DAYS 

- LUNATIONS 

- YEARS 

- COMMANDS EXECUTED 

APOLLO 11 APOLLO 12 APOLLO 14 APOLLO 15 APOLLO 16 

JULY '69 

2 

NO 

14 

71 

5 

0.2 

1531 

NOV '69 

5 

YES 

365 

985 

34 

2. 7 

14,137 

FEB '71 

6 

YES 

365 

542 

19 

1.5 

6783 

JULY '71 

7 

YES 

365 

366 

13 

1.0 

9822 

APR IL '72 

4 

YES 

365 

101 

4 

0.3 

1731 

r 


NOTE: EACH ALSEP PROVIDES 9 MILLION MEASUREMENTS PER DAY 

*AS OF 1AUGUST 1972 
FEB 72 3270.1.25 
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SCIENTIFIC ACHIEVEMENTS [PSE) 


• 	 PASSIVE SEISMIC EXPERIMENT (PSE) 

• 	 LUNAR OUTER STRUCTURE IS ROCK CLUMPS, BUT THERE IS A CRUST 
AND MANTLE (LIKE EARTH) WITH CRUST THICKNESS OF 55 TO 70 KM 

• 	 2-5 MOONQUAKES PER MONTH - USUALLY NEAR PER IGEE - AT DEPTHS 
OF 800 KM (DEEPER THAN MOST EARTHQUAKES) 

• 	 DAILY METEOROID IMPACTS 

• 	 UNEXPECTED STRONG IIR ING INGII FROM MAN-MADE IMPACTS 

FEB 72 3270.1.26 
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TYPICAL SEISMIC DATA 


Time In Minutes .. 

o 10 20 30 40 50 60 
I I I I I I I 

CHANGE OF GAIN 
1 . .150 NM

S-IVB IMPACT 
',' 'APRIL 14':! !J 

, : ! : : . I." ..:;'. I

~:::::l!'r .'I 
I 6 NM ~:: 1 i 

. . ....... . 
LM IMPACT 
=::::: I I 'II .. . . .. .. ..... . 

NOV 20 .lEiS; ,,. w • ~~ . 4;;,. . ..... . 
t~~ ~: rt·L ..rJrrf1UJT"I'~ . 1I&tt. • ,~;::!;",., 

14
 
NATU RAL C ~ 10 MIN : 
 I 6 NMHW : : : : 

,;,,;, EV~~T10 JlI' t.'.11 1"1 f 1 I Al III I J I . mtij ~ ! : : ;:i . 
D ttl • 

• t t • ! . 
• .. L ~ • • • • 

NATURAL ' I 6 NM 

EV,ENT.. , 1••• , II I 111l'••~_lr.I•••I"'l'.l'U 1111 •• 
FEB 18· , , 

';'1970 
,;";, 1969 

FEB 72 3270.1.27 
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MOONQUAKE AND METEOROID IMPACT 


I 15:50:00 I 08:30:00 

LPX ,4 p LPX-~---- ...... -~---,.. ..... ... ""'.1.'••,.. all ... -.' , I ...,.. ...;
IJ.JIJ.J VlVl c..c.. 
~ • Itt: +' ..............._......... __ __.. __ __________ ______
~ ~ ~ ~ 

o LPY 'N". +t ..,. -------- g LPY 
-' -'-' 00 c..c.. «« 

'dc c. lJ" J. L. .. .L L.-....1.. ............... ............-.J..............~ .. ____ • __ ___ •
...t.....­LPZLPZ 'USN,"." q ,".'Pf "" if'- i~" ~~--

...... 
;!; ...... -

;!;N° I 08:20:00 108: 30:00
N 

> !!l 
:I:«'" 
~I LPX~I LPX 
«CO 

w ::Eu.. 
I 

IJ.J IJ.J 

~ LPY ~ LPY 
;:!; ;:!; 
g 0 

-' -' -' ___ J....._ .... ___ ._ 

~ LPZ , • p Itl 1 ,. I '" • It I •., ., , I FII.. fit" .. ~ LPZ 
~~~ 

---r~--- - -- ---- ­
« « 

ii tIt .1SPZ SPZ IiJ.U 1 , SII. • 41 t, I If " 

~lODU 10 MIN 
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SCIENTIFIC ACHIEVEMENTS [SIDE AND CCIG) 

• 	 SUPRATHERMAL ION DETECTOR EXPERIMENT (SIDE) 

• 	 DETECTS SOLAR STORMS AND MAN-MADE IMPACTS, AS EXPECTED 

• 	 ONE GAS CLOUD, BELIEVED TO BE CORRELATED WITH MOONQUAKE 

ON 7 MARCH 1971, SHOWS EVIDENCE OF WATER 


• 	 UNEXPECTED ION CONCENTRATIONS AT LUNAR SUNR ISE AND SUNSET, 
AND IN GEOMAGNETIC TAIL TRANS ITION REGION (FLOWING DOWNSTREAM 
WITH SOLAR WIND) 

• 	 COLD CATHODE ION GAGE (CC IG) 

• 	 NEUTRAL PART IC LE CONCENTRAT ION VAR IES FROM 107 ATOMS/CC 

DURING DAY TO 2 x 105 ATOMS/CC AT NIGHT 


• 	 FREQUENT TRANS lENT INCREASES 

• 	 TRANSIENTS UP TO 2 x 107 WITHIN TWO MINUTES OF SUNRISE 

FEB 72 3270.1.29 
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SCIENTIFIC ACHIEVEMENTS (SWS AND LSM) 

• 	 SOLAR WIND SPECTROMETER (SWS) 

• 	 BAS IC BEHAV lOR OF SOLAR WIND 


SAME AS FREE-SPACE OUTS IDE EARTH'S MAGNETIC TAIL 


SLIGHTLY PERTURBED IN GEOMAGNETIC TRANSITION REGION 


DOES NOT PENETRATE TO CENTER OF TA I L 


• SWS 	UNEXPECTEDLY DETECTED GAS CLOUD FROM APOLLO 13 S-IVB IMPACT 

• 	 LUNAR SU RFAC[ MAGNETOMETER (LSM) 

• 38 	GAMMA STEADY FIELD AT APOLLO 12 SITE; 6 GAMMA AT APOLLO 15 SITE 

• 	 TEMPORAL CORRELATION WITH MAGNETOMETER ON EXPLORER 35 ORB ITER 
IND ICATES ELECTR ICAL CURRENTS DEEP WITH IN MOON 

• 	 CORRESPOND ING TEMPERATURE PROFILE ESTIMATES: 


8100K IN SHELL AT 0.6 LUNAR RAD IUS 


12400K AT CORE (3000° TO 50000K AT CORE OF EARTH) 

FEB 72 3270.1.30 
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SCIENTIFIC. ACHIEVEMENTS lASE AND CPLEE) 

• 	 ACTIVE SEISMIC EXPER IMENT (ASE) 

• 	 104 METER/SEC SEISMIC VELOC ITY AGREES WITH PSE DATA 

• 	 8.5 METER SURFACE LAYER (REGOLITH) AT APOLLO 14 SITE 

• 	 CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT (CPLEE) 

• 	 DETECTS LARGE CHANGES IN SOLAR WIND FLUX 

• 	 LOW ENERGY PHOTO-ELECTRONS DETECTED DUR ING LUNAR DAY 

• 	 UNEXPECTED DETECT ION OF ELECTRONS WITH TERRESTR IAL 
AURORAE BAND ENERG IES IN MAGNETOSPHER IC TA IL 

FEB 72 3270.1.31 
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SEISMIC SIGNALS PRODUCED BY 

Shot 20 APOLLO 14 THUMPER FIRINGS' 

T il ~~I I Geophone 15m2.4 V I' II ~ f ~!" ~ I I ._.1 ~ !i~ lliri\!I~~'~\~\;viJ\\~"J'Nwk ""'V~~ 
41 m 
YlIW\/M~(\rv-J~~~ 

Q).... 
u.. 

Geophone 3 87 m 
~--f----~~-----"-~ ..~r-'~"~__ -~'.-J'~,~/"\..~~ 

T I Shot 18 G,ophon, I 14 mj ri l~ 
~~~ \~i 11!II~i~~~W~~1~jiV\1\N""~",v~kVWv~#!~~'-iV~~ 


!~um. .1, .1I sec 
.\.. Geophone 2 32 m . 

.A".nA V\~li\~ ,\ qr\!~'~AL' ~~M ,. ~~ 
'~-JlfV'v y ffiij~ vf~WV'~ J~ V~ uv~1ft(J ~'J ~vV\,.· yvv\.!\r\fvy ;ti 'It ~'v\!~\rJ 'J (v'/\-. 'J\J~tf\;vJifvl'vl~.JV/vv'VJv'v-'1tf~NvvJvvv 

Geophone 3 78 m 
" ~~-v--' ~~.-v-_._-...rv~ /-'./vv'vv""-vJ\JI'\-I\.....JIfJV\./ ,-'V\,,-;oNVvJ"I11,' -"""."")1J-"v~,J\",~./'A/'vj\., '-,f/\rl\"~'\-J\r ,,,-v,].,.JIJ\ ,,: 

APR. 72 3270.1.32 
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SCIENTIFIC ACHIEVEMENTS (HFE AND LRRR) 

• 	 HEAT FLOW EXPER IMENT (HFE) 

• 	 LI MITED PENETRAT ION HAS NOT COMPROM ISED AC HI EVEMENT OF 

SC IENTIFIC OBJECTIVES 


• 	 PROBE DATA IND ICATE SURFACE LAYER IS IDEAL THERMAL BLANKET 


NIGHT SU RFACE TEMP 760 K ( -320°F) 


DA Y SU RFACE TEMP 3580 K (+ 185°F)' 

SUBSURFACE AT 1.5 M VIRTUALLY CONSTANT AT 2530K (-4°F) 

• 	 HEAT FLOW APPROX 3. 3 x 10-6 WATT/CM2 (112 THAT OF EARTH) 

• 	 CONDUCT IV ITY AT 1. 0 TO 1. 5M DEPTH I S BETWEEN 1. 4 AND 2.5 x 10-4 WAn/CM-oK 
(7 TO 10 TIMES GREATER THAN AT SURFACE) 

• 	 DATA SUPPORT MAGNETOMETER FINDINGS 

• 	 LASER-RANG ING RETRO-REFLECTOR (LRRR). 

• 	 PRELIMINARY RESULTS FROM THREE REFLECTORS INDICATE LARGE-SCALE 

LUNAR SURFACE "WARP ING" 


FEB 72 3270.1.33 
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HFE PROBE EMPLACEMENT ON APOLLO 15 


SURFACE 
-

----------------r[ 

~I 
--o&.... ~,---------------I[ll-

FIRST STEM 
JOINT 

PROBE 
STOP 

IIIn' 

PROBE 2 

DEPTH TEMPERATURE 

CM INCHES RANGE CHANGE 

0 - 0 -I -320°F TO +18SoF SOSoF 

SO-20­

. I .gOF TO -4°F 5°F 

100 --40 ­

,CONSTANT TEMP. (_4°F) 0 

PROBE 1 

FEB 72 3270.1.34 
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'------POWER 

POWER AND DATA FUNCTIONS 

ANTENNA 

POWER 
SPLITIER 

RCVR 

RES ISTANCES 
REGULATOR 

A&B 
(HEATERS) NOT 

CROSS 

r-~AP.!___ ...5~D~O~R _-,PCU-PDU DATA 
r---~---l--' I . ~W I

I I I I t--I
A DAA orll CMDS I COMMAND I 


I DECODER _ 7 + (N XIS. 4)-HR I 

RESERVE I A&B PER 10D IC CMDS I 


STRAP I POWER I 

I ..J.-::: -r COUNTER 1 I 


+29 VDC I DISCRETECMDS I 

+12 VDC I (INC. RIPPLE-OFF I ·1 CROSS+ 5 VDC & PER 10D IC) I SELECT 7 + (N X 61) 1 


STRAP-12 VDC I 1 - UPLINK - HR 1

I I FIF PULSES 


I II 

I UPLINK SEL I 


L __._.___ _ .J L __ _______ ~_.J 

'-.,......../ 
 EXPER 

DATA 

SUBSYSTEM 

& EXPER 


; 
I .OIL I I 

I 

DIGITAL 
DATA 

90-CHANNEL 
ANALOG 
DATA 

RESERVE 

DATA 
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POWER AND DATA COMPONENTS 
RAD 10lSOTOPE THERMOELECTRIC GENERATOR (RTG) 

- SU PPLIES ALL ELECTR ICAl POWER FOR ALSEP 

POWER CONDITIONING UNIT(PCU) AND POWER DISTRIBUTION UNIT(PDU) 
- CONVERTS, REGULATES, AND DISTRIBUTES POWER FOR ALSEP COMPONENTS 

AND EXPERIMENTS WITH SWITCHING AS COMMANDED BY MSFN 
- PROVIDES AUTOMATIC POWER MANAGEMENT (APM) AND DIVIDES SURPLUS 

POWER BETWEEN INTERNAL HEATERS AND EXTERNAL POWER DISSIPATION 
RES ISTORS (PDR) FOR CENTRAL STATION THERMAL CONTROL 

ANTENNA 
- RECEIVES AND RADIATES UPLINKIDOWNLINK SIGNALS 
- MOUNTED ON ANTENNA AIMING MECHANISM FOR POINTING TOWARD THE EARTH 

DIPLEXER FILTER 
- CONNECTS RECEIVER AND TRANSM\TIER TO ANTENNA WITH REQU IRED ISOLATION 

COMMAND RECE IVER (RCVR) 
- ACCEPTS AND DEMODULATES EARTH-TO-MOON UPLINK SIGNAL 

COMMAND DECODER 
- PROCESSES RECE IVED SIGNALS AND ISSUES COMMANDS TO ALSEP EQU IPMENT 

DATA PROCESSOR 
- COLLECTS AND PROCESSES SC IENTIFIC AND ENG INEER ING DATA IN SU ITABLE 


FORMAT FOR DOWNLINK TRANSMI SS ION; USES ANALOG DATA PROCESSOR (ADP) 

TO MULTI PLEX AND CONVERT ANALOG SIGNALS TO DIGITAL; DIG ITAL DATA 

PROCESSOR WOP) COLLECTS AND FORMATS THE TOTAL DATA OUTPUT 


- SUPPLIES SIGNAL CONDITIONING TO ANALOG LINES, AS REQUIRED 

TRAN SM \TIER (XMTR) 
- GENERATES MOON-TO-EARTH DOWNLINK SIGNAL 

oIPLEXER SW ITC H 
-	 CONNECTS ONE OF THE TWO REDUNDANT TRANSM\TIERS TO THE ANTENNA 

MAY 72 3270.2.3 



COMMAND FORMAT 
COMMAND FORMAT 

• 	 A COMMAND FROM THE MSFN CONSISTS OF THE FOLLOWING: 

- UPLINK FREQUENC Y2119 MHz 
-	 A 2 KHz SUBCARRIER PHASE MODULATED WITH A 1 KHz SUBCARRIER 

TO. PRODUCE 61 SER IAL BITS (1000 BITS PER SECOND) 

I 	20 BITS I 7 BITS 7 B ITS 7 BITS 20 BITS I 
CD CD CD CD CD 

CD PREAMBE: ALL ONES 


CD ADDRESS: 1101001 (OCTAL 15I)* 


CD COMMAND COMPLEMENT 


CD TRUE COMMAND 


CD TIMING (EXECUTION): ALL ONES 


II' NOTE SINGLE ADDRESS FOR ARRAY E 

(OTHER ALSEP'S EACH HAVE TWO ADDRESSES) 


• 	 OF THE 128 POSS IBLE COMB INATIONS (7 BITS) ONLY 79 ARE USED AS 
FUNCTIONAL COMMANDS ON ARRAY E 

MAY 723270.2.4 



COMMAND INVENTORY APOLLO 17 ALSEP (ARRAY E) 

NOTES: (NtINVI ~ NOT IN INVENTORY; ('I ~ USED ON OTHER ALSEP's; (CRIT! ~ CRITICAL; 

A ~ DECODER A; B ~ DECODER B; C ~ COMMON DECODER 

000 NO CMD (Nt INVI 040 . TEST (NfiNVI LOO TES1 (NfiNVI 140 HFE MODEtHK SEL 

001 TEST (Nt INVI 041 LMS OFF LOl (NfiNVI (*1 141 HFE SEQtFUL SEL 

002 TEST (Nt INVI 042 LEAM ON L02 (N/INVI ('1 142 HFE SEQtPl SEL 

003 LSP FMT ON 043 LEAM STBY L03 (N/INVI ('1 143 HFE SEQtP2 SEL 
004 TEST (NfiNVI 044 LEAM OFF 104 PER CMDS EN 144 HFE LOAD 1 (. ADD 16 BI 

005 DPFMTON 045 HFE ON 105 PER CMOS INH 145 HFE LOAD 2 

006 NBR 046 HFE STBY 106 (NfiNVI ('1 146 HFE LOAD 3 

007 LBR 047 COMP 12 A (NfiNVI 107 ADP RPR BKUP 147 COMP 12 B (NfiNVI 

010 TEST (Nt INVI 050 HFE OFF 110 ADPtULK RPR PRI 150 (NfiNVI ('1 

011 (NfiNVI ('1 051 ADDRESS 13 B (NfiNVI III LEAM CAL 151 ADDRESS 17 C (NfiNVI 

012 XMTR A ON 052 LSG ON 112 LEAM MIR CVR GO(' COMP 14 BI 152 HFE HTR STEP (. COMP 14 AI 

013 XMTR A OFF 053 LSG STBY 113 APM 2 OFF 153 SPARE2("1 

l;;7 014 XMTR B OFF 054 LSG OFF 114 LIAM SEN CVR GO 154 SPARE 3 
015 XMTR B ON 055 LSP ON 115 APM 2 ON (. COMP 16 AI 155 SPARE 4 
016 ADDRESS 11115 B(NfiNVI 056 LSP STBY 116 ADDRESS llf15 A (Nt INVI 156 LSP PULSES ON 

017 PDR 1 ON 057 LSP OFF 117 LIAM HTR STEP 157 TESTtSPARE (NfiNVI 

020 TEST (N/INVI 060 PCU 1 SEL 120 PCU AUTO 1 SW 160 SPARE 5 
021 PDR 1 OFF 061 COMP 11115 A (NfiNVI 121 PCU AUTO 2 SW 161 COMP 15 B (NfiNVI 
022 PDR 2 ON 062 PCU 2 SEL (. ADD 16 AI 122 RCVRtDEC SW 162 LS P PU LSES OFF 
023 PDR 2 OFF 063 LSG HTR ON 123 LMS LOAD 1 163 LSP GAIN NORM 
024 ADP X SEL 064 LSG HTR OFF 124 LMS LOAD 2 164 LSP GAIN LOW 
025 ADP Y SEL (. ADD 14 AI 065 ADDRESS 14 B (NfiNVI (. I 125 LMS LOAD 3 165 (NflNVI ('1 
026 COMP 17 C(Nt INVI 066 (NfiNVI ('1 126 COMP 13 B (N/INVI 166 (NIINVI ('1 
027 APM 1 ON 067 LSG CMD EX 127 LMS LOAD 4 167 TEST SPARE (NfiNVI 

030 ADDRESS 12 B (Nt INV) 070 LSG DECODER ON 130 ADDRESS 12 A (N/INVI 170 LSP GEO CAL 
031 APM 1 OFF 071 LSG DECODER OFF 131 (N/INVI ('1 I 171 SPARE 6 
032 RIPPLI-OFF RST (CRITI 072 LSG STEP UP 132 LMS LOAD 5 172 SPARE 7 
033 COMP 16 B(NfiNVI ('1 073 (NfiNVI ('1 133 LMS LOAD 6 173 TESTtSPARE (Nt INVI 
034 DDP X SEL 074 LSG STEP ON 1~ LMS CMD EX 174 RCVR/DEC SW INH 
035 DDP Y SEL 075 (NtINVI ('1 135 HFE MODE/G SEL 175 TESTIS PARE (NIINVI 
036 LMS ON 076 (NflNV) ('1 136 HFE MODE/LK SEL 176 TEST/SPARE (NflNV) 
037 LMS STBY 077 TEST (NtINVI 137 TEST (Nfl NVI 177 NO CMD (NfiNVI 

MAY 72 3270.2.5 



DOWNLINK DATA FORMAT 

• DOWNLINK FREQUENC Y2275.5 MHz 

• 	NORMAL OPERATION: DATA PROCESSOR (DP) FORMAT AT 1060 BITS PER SECOND 
IS 64-WORD FRAME OF lO-B IT WORDS (640 BITS PER FRAME) 

• THE SAME DP FORMAT AT 530 BITS PER SECOND CAN BE SELECTED BY COMMAND 

• 	 LSP FORMAT, SELECTED BY COMMAND, IS COMPLETELY DIFFERENT 11800 BITS PER FRAME) 
AT EITHER 3533. 3 BITS PER SECOND (NORMAL) OR 1060 BITS PER SECOND (LOW) 

• ALL DATA TRANSMITIED WITH MOST SIGNIFICANT BIT (MSB) FIRST 

• DATA PROCESSOR FORMAT: 

LEGEND: 

X CONTROL WORD 

A LUNAR MASS SPECTROMETER 

1 2 3 4 5 6 7 8 
X X X G A G CV G 

9 10 11 12 13 14 15 16 
B G B G B G B G 

17 18 19 20 21 22 23 24 
A G A G A G HF G 

25 26 27 28 29 30 31 32 
G G G G G G J G 

33 34 35 36 37 38 39 40 
HK G G G G G J G 
41 42 43 44 45 46 47 48 
B G B G B G B G 

49 50 51 52 53 54 55 56 
B G B G B G B G 

57 58 59 60 61 62 63 64 
B G B G B G 

--~--

RP G 

EXPERIMENT 

CV 	. COMMAND VERIFICATION 
WORD 

G 	 LUNAR SURFACE 
GRAVIMETER 
EXPERIMENT 

HF 	 HEAT FLOW EXPERIMENT 

J LUNAR EJECtA AND 
METEOR ITE EXPER IMENT 

HK HOUSEKEEPING 
(ENGINEERING) DATA 

RP RESERVE POWER 

B BLANK 

MAY 72 3270.2.6 



CONTROL WORDS AND COMMAND VERIFICATION 

CMD VERIFICATIONCONTROL WORDS 
(ALSEP WORD n(ALSEP WORDS 1, 2, AND 3) 

~ILLER BITS (SAME AS BIT 3)DA-01 ALSEP FRAME SYNC 
~ 

/ A _ ~ 
~R KER CODE r COMPLEMENT OF (l [213J 4]5[6] 7Is]f[iD] 
~ / BARKER CODE DA-05 ALSEp-l 
~~ ~\

CMD AS RCVD 
12 21 22 2411 13 14 23 25 26 27 28 3029CiliIill( 10 DA-06 ALSEP CMD MAP 

) 1 o 0 o 0 I) 0 1 F1 F2 F4F3 F6 MF5 F7IJJJIID . ONE WORD SAMPLE AS EACH 
v 

COMMAND IS RECEIVED ATDA-02 ALSEP FRAME CNTR---.J\~ ALSEP, AT OTHER TIMES THE(1, 2 ••• 89,0) 
SAMPLE I S ALL ZEROS 

MODE BIT, DEFINED AS FOLLOWS: 
FRAME MODE BIT MEAN ING 

1 1 NORMAL BIT RATE} 
2 1 LOW BIT RATE DA-03 ALSEP BIT RT ID 

3 
4 

{X MSBJ 
X 

{DATA PROC} DA-04 ALSEP IDI1) DEC IMAL 4 
ID NO. 0 FOR APOLLO 17 

5 X 0 ALSEP 
6 NONE NONE 

II II 

II 11 

II II 

89 " " 
o NONE NONE 

MAY 72 3270.2.7 



ANALOG DATA COMMUTATION 
• 	ALSEP WORD 33 CONTA INS 90-CHANNEL COMMUTATED DATA, PR IMARILY ENG INEER ING 

(HOUSEKEEPING) PARAMETERS, PROCESSED BYTHE ADP 

• 	ALSEP WORD 63 CONTA INS RESERVE POWER, ALSO PROCESSED BY THE ADP, BUT 
NOT COMMUTATED 

• 	ADP OUTPUTS ARE 8-B IT BINARY (MSB FIRST) WITH TWO FILLER ZEROS AHEAD OF 
THE OUTPUT IN THE IO-B IT ALSEP WORD 

HK CODE DESCR IPTION 

1 AB-18 UPLINK SW STA 
2 AE-Ol ADC 0.25 CAL 
3 AE-02 . ADC 4.75 CAL 
4 AT-03 PLATE TEMP 1 
5 AE-04 PCU IN AMPS 
6 AR-Ol HOT FRAME 1 
7 AR-04 COLD FRAME 1 
8 AE-03 PCU 1 VOLTS 
9 AB-08 RCVR Al KC 

10 AG-02 LSG TIDE 
11 AE-23 PCU 2 VOLTS 
12 AB-04 EXPER 112 STA 
13 AB-16 PC AUTO SW STA 
14 AB-05 EXPER 3/4 STA 
15 AT-lO PR I/ST Bl TEMP 
16 AT-4O RCVR A CASE TEMP 
17 AB-09 RCVR B 1 KC 
18 AT-23 XMTR A PA TEMP 
19 AT-24 XMTR A CASE TEMP 
20 AE-07 +29 VOLTS 
21 AE-19 RCVR A IN DBM 
22 AE-18 XMTR B +23 VOLTS 
23 AG-03 LSG FREE MODE 
24 AG-07 LSG OSC AMP 
25 AP-Ol LSP ELECT TEMP 
26 AB-06 UPLINK STA 
27 AT-Ol SUNSH IELO TEMP 1 
28 AT-04 PLATE TEMP 2 
29 AH-Ol HFE +5 VOLTS 
30 AE-24 RESERVE AMPS 

HK CODE DESCRIPTION 

31 AT-25 XMTR B PA TEMP 
32 AT-26 XMTR B CASE TEMP 
33 AT-27 DP BASE TEMP 
34 AT-28 DP INT TEMP 
35 AE-21 APM 1AMPS 
36 AE-20 RCVR BIN DBM 
37 AR-02 HOT FRAME 2 
38 AG-08 LSG +15 VOLTS 
39 AG-Ol LSG SEISMIC 
40 AM-{)JII6 LMS 16 CHANNEL 
41 AM-41 LMS ELECT TEMP 
42 AT-02 SUNSHIELD TEMP 2 
43 AT-05 PLATE TEMP 3 
44 AM-44 LMS SWEEP VOLTS 
45 AH-02 HFE -5 VOLTS 
46 AT-14 FRONT/ST TEMP 
47 AT-15 REAR/ST TEMP 
48 AT-31 DEMOD BTEMP 
49 AT-32 DEMOD A TEMP 
50 AE-09 +12 VOLTS 
51 AE-15 XMTR A REG AMPS 
52 AR-03 HOT FRAME 3 
53 AG-09 LSG -15 VOLTS 
54 AG-06 LSG MASS CHANGE 
55 AH-03 HFE +15 VOLTS 
56 AE-22 APM 2 AMPS 
57 AH-06 HFE HTR/HK STA 
58 AT-06 PLATE TEMP 4 
59 AT-08 PRIISTWI TEMP 
60 AT-l2 INSUL INT TEMP 

HK CODE DESCRIPTION 

61 AT-41 APM 1TEMP 
62 AT-34 PDU 1TEMP 
63 AT-35 PDU 2 TEMP 
64 AT-42 APM 2 TEMP 
65 AE-I0 +5 VOLTS 
66 AE-16 XMTR B REG AMPS 
67 AR-05 COLO FRAME 2 
68 AG-04 LSG HTR BOX TEMP 
69 AG-1O LSG +5 VOLTS 
70 AB-I0 DDP STA 
71 AT-07 PLATE TEMP5 
72 AT-13 INSUL EXT TEMP 
73 AB-ll EXPER 5 STA 
74 AH-04 HFE -15 VOLTS 
75 AH-07 HFE HTR/LK STA 
76 AB-13 APM STA 
77 AT-38 PCU 1 REG TEMP 
78 AT-39 PCU 2 REG TEMP 
79 AE-ll -12 VOLTS 
80 AB-14 PDR STA 
81 AE-17 XMTR A +23 VOLTS 
82 AR-06 COLD FRAME 3 
83 AJ-Olf05 LEAM 1-5 CHANNEL 
84 AJ-06'10 LEAM 6-10 CHANNEL 
85 AJ-ll LEAM SURV IVAL TEMP 
86 AB-I5 PER CMD ENIINH 
87 AT-09 PR liST W2 TEMP 
88 AT-ll PWR DUMP TEMP 
89 AG-05 LSG PRESSURE 
90 AB-17 ADP STA MAY 72 3270.2.8 



STRUCTURE TEMPERATURE TELEMETRY 
STRUCTURE TEMPERATURE TELEMETRY 

AT-01 SUNSH IELD TEMP 1(oUTS IDE) 
AT-02 SUNSH IELD TEMP 2 (INS IDE) 

AT':03 
THROUGH 
AT-07 

PALTE 

AT-12 INSUL INT (ON WALL) 
AT-13 INSUL EXT (ON WALL) 

AT-08 PR lIST WI 
~ 

AT-10 PR lIST Bl (ON BOnOM) 
AT-09 PR lIST W2(oN OPPOS ITE WALL) 

AT-14 FRONT/ST 

MAY 72 3270.2.9 



ELECTRONICS COMPARTMENT 
o THERMAL PLATE TEMP SENSORS (TM) 

CD USED IN LSP MODE 

CMD 1(00 
DEC 1--pc-u---p-Du--I 

TERMINAL BOARD CONNECTOR PANEL: 

® 

I XMTR A J @ 

I XMTR B I 
DIPLEXER 

DATA FILTER LSP 
PROCESSOR 

'8 
CENTRAL 
ELECTRON ICS 

MAY 72 3270.2.10 
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PCU / APM FUNCTIONS 

127) ....... _ .. 

PART /AB-=-ih 
OF \ APM } 

,STA / 

31) APM 1 ~t' [ 

PCU 1 

+12 V~~ PDU 1 

1 .1 DC/DC 1 LI~~~E5~VD-IT:--1~=VDcil-= ____ -t 
(SEE APM 2 
AND REG 2, BELOW, 
FOR DETA ILS) 

POWER 
;::--0 ,­ , OUTPUT 

MON ITOR* 

NON-REDUNDANT 
ELEMENTS 

*DELAYTIME: 
300 MS UNDERVOLTAGE121) PC AUTO 2 SW SEL 
5 MS OVERVOLTAGE------r+5 VDC 

-12 VDC 

• 

APM OPERATES TO PDR WHEN: 

65-WATI REGULATOR RES ISTANCES 
(HEATERS ON THERMAL PLATE) 

NOTE: 

PCU 2 
+12 VDC} PDU 2 

INITIALIZE 

U5) APM 2 ON 

13'" APM 2 OFF 

TWO SETS OF RES ISTORS, 
ONE FOR EACH PCU 

A. CMD ON 
B. ADEQUATE TEMP 
C. REG PWR EXCEEDS 2 WADS MAY 72 3270.2.11 
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PCU COMMANDS 

OCTAL CMD NUMBER 

• 060 PCU 1 SEL 

THIS CMD ACTUATES A LATCHING RELAY IN THE PCU TO THE POSITION THAT 

APPLIES 16.3::, O. 5 VDC FROM THE RTG TO PCU 1AND DISCONNECTS PCU 2 FROM 

THE RTG. INTHIS POSITION, PCU 1 PROVIDES POWER FOR THE ALSEP SYSTEM VIA 

PDU 1. REPEATED APPLICATION OF CMD 060 HAS NO FURTHER EFFECT. IN NORMAL 

OPERATION, CMD 121 SHOULD BE TRANSMITTED BEFORE CMD 060, UNLESS PC 

AUTO 2 SW ITCH I S ALREADY SELECTED. PCU 1 I S PRESET TO BE ENERG IZED AT 

INITIAL LUNAR ACTIV ATiON. 


• 062 PCU 2 SEL 

THIS CMD ACTUATES A LATCHING RELAY IN THE PCU TO THE POSITION THAT 

APPLIES 16.3::, O. 5 VDC FROM THE RTG TO PCU 2 AND DISCONNECTS PCU 1 FROM 

THE RTG. IN THIS POSITION, PCU 2 PROVIDES POWER FOR THE ALSEP SYSTEM VIA 

PDU 2. IN NORMAL OPERATION, CMD 120 SHOULD BE TRANSMITIED BEFORE CMD 062, 

UNLESS PC AUTO 1 SWITCH IS ALREADY SELECTED. REPEATED APPLICATION OF 

CMD 062 HAS NO FURTHER EFFECT. 


• 120 PC AUTO 1 SW SEL 

TH I S CMD ACTIVATES A RELA Y IN THE PCU TO THE POS ITiON THATENABl£S 

AUTOMATIC SW ITCHOVER FROM PCU 2 TO PCU 1, IF ANY ONE OF THE +12 VDC 

+5 VDC, OR -12 VDC LINES GOES OVERVOLTAGE LONGER THAN 5 MS OR UNDER­

VOLTAGE LONGER THAN 300 MS. IN THIS POSITION, AUTOMATIC SWITCHOVER 

FROM PCU 1TO PCU 2 IS INHIBITED. PC AUTO 1 SW SEL IS PRESET TO BE 

ENERGIZED AT INITIAL LUNAR ACTIVATION; HENCE, IF NORMAL START-UP 

OCCURS, CMD 121 SHOULD BE TRANSMITTED AS EARLY AS POSSIBLE. RE­
PEATED APPLICATION OF CMD 120 HAS NO FURTHER EFFECT. IN NORMAL OPER­

ATION, CMD 120 SHOULD BE TRANSMITTED BEFORE CMD 062, UNLESS PC AUTO 1 

SW IS ALREADY SELECTED. AN INTERNALLY GENERATED PCU SWITCHOVER IS AN 

ABNORMAL COND IT ION REQU IR ING CAUTION IN THE SUBSEQUENT USE OF CMD 120. 


• 121 PC AUTO 2 SW SEL 

TH I S CMD ACTUATES A RELA Y IN THE PCU TO THE POS ITiON THAT ENABLES 
AUTOMATIC SWITCHOVER FROM PCU 1TO PCU 2, IF ANY ONE OFTHE +12 VDC, 
+5 VDC, OR -12 VDC LINES GOES OVERVOLTAGE LONGER THAN 5 MS OR UNDER 
VOLTAGE LONGER THAN 300 MS. IN TH IS POS ITlON, AUTOMATIC SW ITCHOVER 
FROM PCU 2 TO PCU 1 IS INHIBITED. REPEATED APPLICATION OF CMD 121 HAS 
NO FURTHER EFFECT. IN NORMAL OPERATION, CMD 121 SHOULD BE TRANSMITIED 
BEFORE CMD 060, UNLESS PC AUTO 2 SW IS ALREADY SELECTED. AN INTERNALLY 
GENERATED PCU SW ITCHOVER IS AN ABNORMAL COND ITION REQU IR ING CAUTION MAY 72 3270.2.12 
IN THE SUBSEQUENT USE OF CMD 121. 
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APM COMMANDS 

OCTAL CMD NUMBER 

• 027 APM 1 ON 

THIS CMD ACTUATES A FLIP-FLOP IN THE PCU TO THE POSITION THAT ALLOWS 
RTG INPUT POWER TO BE DIVERTED TO A 30-WAn, MAXIMUM, POWER DISSIPATION 
RESISTOR IF (l) THERE IS MORE THAN (2 TO 4, TBD) WADS OF RESERVE POWER ON 
PCU 1, AND (2) THE THERMAL PlATE TEMP I S ABOVE THE TEMP SW ITCH 1 VALUE: 
60°F CLOSE, 80°F OPEN. THE APPLICATION OF POWER TO PCU 1CAUSES INITIALIZA­
TION IN THE APM 1 ON CO\IFIGURATION. REPEATED APPLICATION OF CMD 027 HAS 
NO FURTHER EFFECT. 

• 031 APM 1 OFF 

THIS CMD ACTUATES A FLIP-FLOP IN THE PCU TO THE POSITION THAT INHIBITS 
APM 1 FROM DISSI PATING RTG POWER. REPEATED APPLICATION OF CMD 031 
HAS NO FURTHER EFFECT. 

• 115 APM 2 ON 

THIS CMD ACTUATES A FLIP-FLOP IN THE PCU, TO THE POSITION THAT ALLOWS 
RTG INPUT POWER TO BE DIVERTED TO A 30-WAn, MAXIMUM POWER DISSIPATION 
RES I S I STOR IF (1) THERE I S MORE THAN (2 TO 4, TBD) WAns OF RESERVE POWER ON 
PCU 2, AND (2) THE THERMAL PlATE TEMP IS ABOVE THE TEMP SWITCH 2 VALUE: 
60°F CLOSE, 80°F OPEN. THE APPLICATION OF POWER TO PCU 2 CAUSES INITIALIZA­
TION IN THE APM 2 ON CONFIGURATION. REPEATED APPLICATION OF CMD 115 HAS 
NO FU RTHER EFFECT. 

• 113 APM 2 OFF 

THIS CMD ACTUATES A FLIP-FLOP IN THE PCU TO THE POSITION THAT INHIBITS 
APM 2 FROM DISSIPATING RTG POWER. REPEATED APPLICATION OF CMD 113 HAS 
NO FURTHER EFFECT. 

MAY 72 3270.2.13 
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RTG/PCU/APM TELEMETRY 
THE FOLLOWING PARAMETERS ARE SENSED IN THE RTG, WITH SIGNAL 
CONDITIONING IN THE DATA PROCESSOR: 

AR-Ol HOT FRAME 1 TEMP, DEG F 
AR-02 HOT FRAME 2 TEMP, DEG F 
AR-03 HOT FRAME 3 TEMP, DEG F 
AR-04 COLD FRAME 1 TEMP, DEG F 
AR-05 COLD FRAME 2 TEMP, DEG F 
AR-06 COLD FRAME 3 TEMP, DEG F 

THE FOLLOWING PARAMETERS ARE SENSED IN THE PCUlAPM, WITH SIGNAL 
CONDITIONING IN THE DATA PROCESSOR (MEASUREMENT IS ABSENT IF PCU/APM IS OFF): 

AT-38 REG 1 TEMP, DEG F(NEAR THE PCU 1 REGULATOR TRANSISTOR) 
AT-39 REG 2 TEMP, DEG F(NEAR THE PCU 2 REGULATOR TRANS ISTOR) 
AT-41 APM 1 TEMP, DEG F(NEAR TEMP SWITCH 1) 

AT-42 APM 2 TEMP, DEG F(NEAR TEMP SWITCH 2) 

THE FOLLOW ING ELECTR ICAL PARAMETERS ARE SENSED IN THE PCU/APM: 
AE-03 PCU 1 INPUT VOLTS (ESSENTIALLY RTG OUTPUT VOLTS, AT PCU 1) 

AE-04 PCU INPUT CURRENT, AMPS IOR 'D FROM THE SWITCHED RTG OUT pun 
AE-21 APM 1 CURRENT, AMPS (MEASURES CURRENT TO PDR OF APM 1) 

AE-22 APM 2 CURRENT, AMPS (MEASURES CURRENT TO PDR OF APM 2) 
AE-23 PCU 2 INPUT VOLTS (ESSENTIALLY RTG OUTPUT VOLTS, AT PCU 2) 

DA-08 }
AE-24 RESERVE CURRENT, AMPS (OR'D FROM THE TWO PCUlAPM SHUNTS) 

THE FOLLOW ING ELECTR ICAL PARAMETERS ARE SENSED IN THE PDU OR ADP (AFTER 
COMBINING OUTPUTS OF PCU 1 AND PCU 2) BUT ARE CALIBRATED TO REFLECT 
VAWES AT THE PCU POWER OUTPUT MONITOR: 

AE-07 +29 VDC OUTPUT 

AE-09 +12 VDC OUTPUT 

AHO +5 VDC OUTPUT 

AE-ll -12VDC OUTPUT 


THE FOLLOWING SWITCH STATUS PARAMETERS ARE SENSED IN THE PCU: 
AB-13 APM STATUS (IND ICATES WHETHER THE APM OF THE ACTIVE PCU 

IS ENABLED OR IS INHIBITED BYCMD) 
AB-16 PC AUTO SW STATUS (IND ICATES WHETHER OR NOT THE INACTIVE 

PCU IS SELECTED FOR AUTOMATIC BACKUP) 

MAY 72 3270.2.14 
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CIRCUIT PROTECTION 

• 	 PCU AUTO SW ITCH 

IN CASE OF OVERVOLTAGE/UNDERVOLTAGE IN THE PCUOUTPUT, AUTOMAT IC SW ITCHOVER 
FROM THE ACTIVE PCU TO THE ALTERNATE PCU WILL OCCUR IF VOLTAGE, TIME, AND 
SW ITCH sm ING COND IT IONS ARE SAT IsFiED. 

- VOLTAGES (AS SENSED BY THE POWER OUTPUT MONITOR IN THE PCU) 
+12 V INCREASES TO +13.2 + 0.25 V OR DECREASES TO + 10.8+ 0.25 V- -
+ 5 V DECREASES TO 0.9 V 
-12 V DEC REASES NUMER ICALLYTO - 4.7 V 

- TIME 
AN INC REASE IOVERVOLTAGE) ON ONE OFTHESE LI NES INO ICATES A PROBAB LE REGU LA­
TOR FAILURE AND IF IT CONTINUES FOR 5MS, A SWITCHOVER SIGNAL IS GENERATED. 

A DECREASE (UNDERVOLTAGEl ON ONE OF THESE LINES COULD BE DUE TO 
AN OVERLOAD IN SOME COMPONENT. FUSES, CIRCU IT BREAKERS, AND 
RIPPLE-OFF ARE PROV IDED IN SW ITCHED LINES TO MOST COMPONENTS. 
TO ALLOW ACTION OF THESE PROTECTION FEATURES, THE SW ITCHOVER SIGNAL 
IS GENERATED AFTER 300 + 50 MS OF CONTINUOUS UNDERVOLTAGE. 

- SWITCH SmlNG 
AUTO SWITCHOVER CAN OCCUR IN EITHER DIRECTION (PCU l-TO-2 OR PCU 2-TO-1) 
UNDER THE CONTROL OF A COMMAND-SELECTABLE RELAY. INCORRECT SmlNG 
OF THE RELA Y INH I B ITS AUTOMATIC SW ITCHOVER. 

• RIPPLE-OFF 
IN CASE OF SYSTEM OVERLOAD, AS SENSED BY MARGINAL RESERVE POWER (NOMINALLY O. 8 W), 

AN AUTOMATIC SEQUENCER IN THE COMMAND DECODER WAITS 121 MS(FOR FUSES AND 

CIRCU IT BREAKERS TO RELIEVE THE OVERLOAD), THEN SW ITCHES COMMANDABLE LOADS 

TO OFF (OR STANDBY, FOR EXPER IMENTS), AT :;;: 8 MS INTERVALS. 


• 	FUSES AND CIRCU IT BREAKERS 
ALL NON-ESSENTIAL SWITCHABLE LOADS ARE ON FUSED LINES. OTHER SWITCHABLE LOADS 
HAVE CIRCU IT BREAKERS WH ICH ARE RESET BY APPLICATION OF THE NORMAL ON CMD. 
THERE ARE UNSW ITCHED LOADS (USUALLY SMALL) WITH NO CIRCU IT PROTECTION. 
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PCU I { ~. 

~ 

+5 VDC 

PDil I

--t-
NON­
REDUNDANT 
ElEMENTS 

-1­
PDU 2 

PDU FUNCTIONS 
EX PER 

m(:'j
DDP X & y XMTR A & B 

COMBINED { 

XMTR A & B 

[!J{ Ed 
EXPER 

PDR 1&2 UPLINK A & B ADP X & y 

+5
PCU 2 { ; 

DDP X & y 
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PDU TRACKING 

• 	 WITH THE REDUNDANT PCU-PDU DESIGN, THERE ARE PROVISIONS FOR THE 

REDUNDANT POWER SWITCHING RELAYS TO "TRACK"; THAT IS, COMMANDS 
ACTUATE PDU 1 AND PDU 2 IN PARALLEL. WITH THIS TRACKING, A PCU 
SW ITCHOVER SHOULD CAUSE NO OTHER CHANGE IN THE ALSEP OPERAT 10NAL 
CONFIGURATION. 

• EXCEPTIONS MAY OCCUR WHEN POWER SWITCHING RESULTS FROM INTERNAL CAUSES 
INSTEAD OF UPLINK COMMANDS. THE INTERNAL CAUSES AND THEIR EFFECT ON TRACKING 
ARE AS FOLLOWS: 

- RIPPLE-OFFAND UPLINK SWITCH SEQUENCER OPERATE THROUGH GATES 
ON NORMAL COMMAND LINES; HENCE, TRACKING IS MAINTAINED. 

-	 CIRCU IT BREAKERS SENSE OVERLOAD ON AN ACTIVE LINE AND ACTUATE 
POWER SW ITCH ING RELAYS TO EITHER SELECT THE ALTERNATE COMPONENT 
OR TURN OFF THE ACTIVE COMPONENT. TRACKING DEPENDS ON THE LOCATION 
OF THE CIRCU IT BREAKER: 

1. 	 IF THE CIRCU IT BREAKER OPERATES ON A "COMBINED" POWER LINE, 
THE SYSTEM WILL TRACK (UPLINK AND ADP) 

2. 	 I F THE CIRCU IT BREAKER OPERATES ON AN IND IV IDUAL POWER 
LI NE, PCU 1 OR PCU 2, THE SYSTEM WILL NOT TRAC K (D DP, XMTR, 
AND EXPER IMENT OPERATIONAL OVERLOAD) 

-	 FUSES ARE SIMILAR, IN THAT "COMBINED" LINES TRACK (PDR 1 AND PDR 2) 
WH ILE IND IVI DUAL LINES WILL NOT TRACK (EXPER IMENT STANDBY OVERLOAD) 

• 	 NOTE THAT THE APM FOR EACH PCU IS IN ITlALIZED TO THE ON STATE WHEN THE PCU IS 
SELECTED; HENCE, THE APM OFF COMMAND DOES NOT TRACK, IN TERMS OF MAINTAINING 
STATUS THROUGH A PCU SWITCHOVER 

• 	 THE ABNORMAL COND ITION OF "R IPPLE-OFF SEQUENCER LOCK-OUT" MAY POSS IBLY 
BE CLEARED BY PCU SW ITCHOVER (uNPRED ICTABLE TRACKING) 
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PDR POWER CONTROL 
[ NON·REDUNDANT PDU RELAYS ) 

IN CENTRAL STATlON+EXTERNAL MODULE 

PDR 1 ON 
u • 

I 
- - I" - 7-WATT i 

IPDR 1 OFF' . I 

I 
I 14-WATTPCU 1 -T 

+29 VDC INOTE: FUSES 
IPCU 2 AHEAD 
IOFTM

RIPPLE­

OFF SEQ* 


PDR 2 ON 

ALL 

RESISTORS


PDR 2 OFF 

ARE

3650HM 

1 
*NOTE: RIPPLE-OFF SEQUENCER SELECTS I 

PDR 1, PDR 2, LMS, LEAM, HFE, LSG, LSP 

RTN __ _
:!(128 MS DELAY, THEN~8 MS INTERVALS) 
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PDR COMMANDS 
OCTAL CMD NUMBER 

• 017 PDR ION 

TH I S CMD ACTUATES TWO LATCH ING RELAYS (IN SER IES) IN THE NON-REDUNDANT 
SECTION OFTHE PDU, TO THE POSITION THAT APPLIES +29 VDC TO A 7-WATI POWER 
DISSIPATION RESISTOR, AND IS USED AS A BACKUP MEANS OF PWR/THERMAL 
CONTROL IF THE APM CANNOT COPE WITH THE LOAD. REPEATED APPLICATION OF 
CMD 017 HAS NO FURTHER EFFECT. 

• 021 PDR 1OFF 

1" 	 THIS CMD ACTUATES TWO LATCHING RELAYS (IN SERIES) IN THE NON-REDUNDANT 
SECTION OF THE PDU, TO THE POSITION THAT REMOVES +29 VDC FROM THE 7-WATI 
POWER DISSIPATION RESISTOR. PDR liS PRESETTO BE IN THEOFF CONDITION AT 
INITIAL LUNAR ACTIVATION. REPEATED APPLICATION OF CMD 021 HAS NO FURTHER 
EFFECT. 

• 022 PDR 2 ON 

TH IS CMD ACTUATES TWO LATCH ING RELAYS (IN SER IES) IN THE NON-REDUNDANT 
SECTION OFTHE PDU, TO THE POSITION THAT APPLIES +29 VDC TO A 14-WATI POWER 
DISSIPATION RESISTOR, AND IS USED AS A BACKUP MEANS OF PWRITHERMAL 
CONTROL IF THE APM CANNOT COPE WITH THE LOAD. REPEATED APPLICATION OF 
CMD 022 HAS NO FURTHER EFFECT. 

• 023 PDR 2 OFF 

TH I S CMD ACTUATES TWO LATCH ING RELAYS (IN SER IES) IN THE NON-REDUNDANT 
SECT ION OF THE PDU, TO THE POS ITION THAT REMOVES +29 VDC FROM THE 14-WATI 
POWER DISSIPATION RESISTOR. PDR 2 IS PRESET TO BE IN THE OFFCONDITION AT 
INITIAL LUNAR ACTIVATION. REPEATED APPLICATION OF CMD 023 HAS NO FURTHER 
EFFECT. 
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PDRTELEMETRY 


AT-II PDM TEMP, DEG F (SENSED ON THE POWER DISSIPATION MODULE 
W IlH SIGNAL COND iliON ING IN THE DATA 
PROCESSOR) 

AB-I4 PDR 112 STATUS (INDICATES THE ON/OFF STATUS OF BOTH PDR I 
AND PDR 2, WITH AN OFF IND ICATION IN THE 
CASE OF A BLOWN FU SE) 
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ANTENNA 

LOW 
PASS 
FILTER 

DIPLEXER FILTER AND SWITCH FUNCTIONS 


DIPLEXER FILTER 
• 	 PROVIDES XMTR/RCVR ISOLATION WITH 


A COMMON ANTENNA 


+12 
VDC 

ACTIVATED {3
. 

XMTR B 
RTN 

XMTR A XMTR B 

RCVR· 
BAND 
PASS 
FILTER 

XMTR 
BAND 
PASS 
FILTER 

• USES TUNEABLE CAVITY BANDPASS FILTERS 

TO RCVR 
D I PLEXER SW ITCH . 

• USED TO COU PLE THE SELECTED 
TRANSMITTER THROUGH THE 

FOR D I PLEXER FILTER TO THE ANTENNA 
• 	 TWO CIRCULATORS ARE USED TO 

PROVIDE TRANSMITTER ISOLATION 
AND PROTECTION (AGAINST OPENS 
OR SHORTS), AND THETHIRD CIR­
CULATOR IS REVERS IBLETO SERVE 
AS A SWITCH 

• 	 +12 VDC APPLICATION SELECTS 
XMTR B; ABSENCE OF +12 VDC 
SELECTS XMTR A 

• 	 IF BOTH XMTR'S ARE OPERATING, 
THE ONE NOT SELECTED IS APPLIED 
TO A LOAD. 
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UPLINK POWER CONTROL 

( NON·REDUNDANT PDU RELAYS ) 


AUI"/ULI{, KI"K I"K 1 
10 DRIVER t-

W 
• FIF INITIALIZES IN STATE A 

AB-06 • C IRCU IT BREAKERS (C/BI ACTUALLY 

TO - ~ r ..J': ,UPUNK GROUND RELAY CO I L (NOT DR IVERI 

ADP +5 VDC 1 STA • C IRCU IT BREAJ<ER RATINGS: 
PCU 2 ~ + 5 VDC, 330 MA 

0 
+12 VDC, 330 MA 

X 
-12 VDC, 150 MA 

rDRIVERl­

+5 VDC 
rDRIVERl­ .... .AA 

..... p CiS 
1 Q ~~ 
1 

+12 VDC1 
1 CiB 

9 
-12 VDC 

DRIVER I-­ AA.A 

---­ ----­ - - --­ -----1"1 CiSCMD DECODER 1 
AB-18 I DRIVERl­ .JI-­

UPLINK I PCU 1 .... ONLY +12 VDCSW 
1+12 VDC .... 1 IQ 

RCVRlDEC SW INH 
STA 

1 ..... I USED IN RCVR' 
7 , 

I PCU 2 .... I 
I 

UPLINK SWITCH PULSE ONE­ I PCU 1 ...... ~, 

TIME 1-12VDC ''''''' T <L 
.F­ ,.,....,..,..., +5 VDC 

INHIBIT I ..... DRIVER I-­ I-­
..L. 1 PCU 2 .""" ~~ C/B 

tl rDRIVERl­
..........-+12VDC 

A 
1 I .U CIS­RCVR/DEC SW I FlF I 1 

V 1 : 9 
I I 
1 I 
I ________________ ...1 

~ 
---. -12 VDC 

DRIVER I-­ I 'C/B 

7 + (N X 611 HR 

RCVRA 

DECODER A 

S 

RCVR B 

DECODER B 
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RECEIVER FUNCTIONS 

f-1r-t--+--io) ~~CODER
'---- I)A 


I 

I 


SIGNAL I 

PRESENCE I 

DETECTOR i I 


_I ~ 
------ ­ I 

Y. 

NOTE: NO CASE TEMP TM WHEN RCVR A IS OFF 
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COMMAND DECODER FUNCTIONS 
;---DECODERA--' 
I 

RCVR IDATA 
A ~ DEMODULATOR 

DDP 

CONTROL 
LOGIC 

DECODE 
GATES 

L __I____ .J 

PER 10D IC COMMAND 
AND RIPPLE-OFF 
SEQUENCER 

r--­
DECODER B 

RCVR I (REDUNDANT UNIT)
B ~ 

@CVW 

©MAP 

• 	DATA DEMODULATOR 
CONVERTS THE MESSAGE INTO DIGITAL FORMAT USING A 
PHASE LOCK LOOP AND CLOCK GENERATOR, A DATA DETECTOR, 
AND THRESHOLD C I RCU ITS 
- THE PHASE LOCK LOOP USES A FREE-RUNNING VOLTAGE 

CONTROLLED OSC ILLATOR (VCO) AT 8 KHz WITH A D IV IDE-B Y-4 
RING COUNTER TO GENERATE FOUR PHASES OF A 1 KHz 
SQUARE WAVE. ONE OF THESE IS USED TO CONTROL THE VCO. 
THE PHASES OF THE 1 KHz ARE ALSO GATED TOGETHER 
FOR THE CONTROL LOGIC CLOCKS AND DATA DETECTOR. 

- THE DATA DETECTOR HAS TWO DETECTION CHAINS, FOR ZEROS 
AND ONES, WITH "INTEGRATE AND DUMP C I RCU ITS". THE 
OUTPUTS ARE USED IN THE THRESHOLD CIRCU ITS AND, IF 
ACCEPTABLE, ARE CLOCKED INTO THE CONTROL LOGIC 
COMMAND REGISTER. 

- THE THRESHOLD CIRCU ITS REQU IRE AT LEAST FOUR 
CONSECUTIVE VALID DATA BITS BEFORE ACCEPTING INPUTS 
FOR THE COMMAND REGISTER. IN THE EVENT OF SUBSEQUENT 
DATA DROPOUT, INPUT TO THE REGISTER IS INHIBITED AND 
THE CONTROL LOG IC I S RESET. 

CMDS 
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COMMAND DECODER FUNCTIONS [CONT'D) 

• 	 CONTROL LOGIC 

. THE CONTROL LOGIC CONSISTS OF AN 8-BIT SHIFT REGISTER,1-- - DECODER A - ....., TWOCOUNTERS,AND RESET CIRCUITRY. OPERATION ISAS FOLLOWS: 
1. 	 DATA PASSES THROUGH THE REGISTER (1000 BITS PER SECOND) 

AND THE FIRST 7 B ITS ARE CHECKED FOR THE ADDRESS (01001). 
RCVR 2. RECOGNITION OF ADDRESS STARTS A TIMING SEQUENCE. THE 

A 
 FIRST COUNTER COUNTS 7 PULSES WHICH SHIFT THE COMMAND 

COMPLEMENT INTO THE REG ISTER. AS THE NEXT 7 BITS 
(TRUE COMMAND) ARE SH IFTED INTO THE REG ISTER, AN "EXCLUS IVE OR" 
GATE CHECKS BITS 1 AND 8 OF THE REG ISTER FOR COMMAND/COMPLIMENT 
"PARITY". FAILURE OFTHIS TEST SETS A PARITY MEMORY. 

3. 	 AFTER THE SECOND 7 PULSES, DUR ING WH ICH THE TRUE COMMAND HAS BEEN 
SH IFTED INTO THE REG ISTER, THERE I S A PER 10D OF 21 PU LSES (21 MS) 
FOR COMMAND EXECUT ION WITH THE FOLLOW ING LOG IC: 
- A LATCH IS SET TO TIME THE EXECUTE GATE AND A SECOND LATCH 

INH IB ITS NEW DATA INTO THE REG ISTER (THE RECEIVED COMMAND 
IS IN THE LAST7 BITS OFTHE REGISTER), 

- THE COMMAND LINE I S SELECTED IN THE DECOD ING GATES. 
- THE PARITY BIT IS ENTERED IN THE FIRST BIT OFTHE REGISTER 

AND, IF PARITY IS VALID, THE COMMAND IS EXECUTED. 
4. 	 AT THE END OF THE 21 TIMING PULSES, AS IGNAL IS SENT TO THE DATA 

PROCESSOR, INDICATING DATA AVAILABILITY, CALLED VERIFICATION 
WORD ENABLI (VWE). THE DATA PROCESSOR READS OUT THE COMMAND 
VER IFICATION WORD AT THE PROPER liME IN THE NEXT TELEMETRY 
DATA FRAME. 

5. 	 ATTHE END OF THE DATA PROCESSOR DEMAND PULSE, THE COMMANDDDP 
DECODER AUTOMATICALLY RETURNS TO THE ADDRESS SEARCH MODE 
(RESET). IN LSP MODE OF OPERATION, RESET OCCURS AT EXECUTION 

CMD"S BIT 21. 
• 	 DECODE GATES 

OUTPUT DECODING USES TWO-INPUT GATES, SO THAT EACH INDIVIDUAL 
COMMAND LINE IS DEPENDENT ON (l) THE STATE OF ALL 7COMMAND 

RCVR BITS AND (2) THE PRESENCE OF THE COMMAND EXECUTE PU LSE. 
B • 	 PER 10D IC COMMAND AND R I PPLI-OFF SEQUENCER 

TO 	BE DESCRIBED LATER 
MAY 72 3270.2.25 

I IDATA 
~ DEMODULATOR 

I 
I 
I 
I 
I 

CONTROL 
LOGIC 

DECODE 
GATES 

L __ I____ ...I 

PER 10D IC COMMAND 
AND RIPPLE-OFF 
SEQUENCER 

~ 
~ 

~ 
~ 

r----.-..=......-, 
DECODER B 

.• 1 (REDUNDANT UN IT) 
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OCTAL CMD NUMBER 

-no ADP/UPLINK REDUNDANT POWER ROUT lNG, PR IMARY SELECT 

THIS CMD ACTUATES A PAIR OF LATCHING RELAYS IN THE NON-REDUNDANT 
SECT ION OF THE PDU, TO THE POS ITION THAT PROV IDES THE BAS IC, REDUNDANT, 
ROUTING OF +5 VDC FROM PCU 1 AND PCU 2 TO THE ADP/UPLINK SELECTION RELAYS. 
TH IS CMD HAS THE OPPOS ITE EFFECT OF CMD 107 FOR ADP PWR ROUTING AND OF A 
61-HR PULSE FOR UPLINK PWR ROUTING. THIS CMD WOULD SERVE TO CLEAR A 
MALFUNCTIQ\J IN EITHER THE DECODER OR THE ADP SELECTION RELAY, IF ONE SHOULD 
OCCUR IN THE BACKUP ROUTING. THE PRIMARY ROUTING IS PRESET TO BE ENERGIZED 
AT INITIAL LUNAR ACTIVATION. REPEATED APPLICATION OF CMD no HAS NO FURTHER 
EFFECT. 

- 122 RCVR/DECODER SWITCH 

THIS CMD, THROUGH THE UPLINK SWITCH FLIP-FLOP IN THE CMD DECODER, 
ACTUATES LATCH ING RELA YS IN THE NON-REDUNDANT SECTION OF THE PCU TO 
REMOVE POWER FROM WH ICHEVER SET OF UPLINK COMPONENTS I S IN USE AND 
APPLY POWER TO THE ALTERNATE, REDUNDA NT, COMPONENTS. THREE VOLTAGES 
(+5, +12 AND -12) ARE SW ITCHED FOR THE CMD DECODERS AND +12 VDC FOR RCVR'S. 
REPEATED APPLICATION OF CMD 122 CAUSES REPEATED SELECTION, ALTERNATING 
BETWEEN RCVR/DECODER A AND B. TRANSMI SS ION OF CMD 122 DOES NOT ACTUATE 
THE BACKUP POWER ROUTING OF +5 VDC TO THE DECODER AS DOES AUTOMATIC 
SW ITCHOVER. AFTER A PCU SW ITCHOVER, CMD 122 MAYBE REQU IRED TW ICE FOR 
THE NEXT SWITCHOVER (IF IT IS FROM UPLINK BTO UPLINK A). NOTE THAT CMD 122 
AND CMD 174 HAVE NO EFFECT ON EACH OTHER. CMD 122 ALSO ENABLES PER 10D IC 
CMDS. 

-174 RCVR/DECODER SW ITCH DELAY 

THIS CMD SETS A ONE-TIME INHIBIT CIRCUIT IN THE CMD DECODER SUCH THAT THE 
NEXT 61-HR PULSE DOES NOT CAUSE SWITCHOVER TO THE OPPOS ITE RCVRIDECODER. 
REPEATED APPLICATION OF CMD 174, PR lOR TO ARR IVAL OF A 61-HR PULSE, HAS NO 
FU RTHER EFFECTS; ONLY ONE PU LSE IS INH I B ITED. REsml NG TO THE NO-DELAY CON­
DITION OCCURS 3.5 MINUTES AFTER THE 61-HR AUTOSWITCH PULSE IS GENERATED, 
WHETHER OR NOTTHE SWITCHOVER IS ACTUALLY INHIBITED OR ENABLED. THE 
APPLICATION OF POWER TO ALSEP CAUSES INITIALIZATION IN THE NO-DELAY CON­
FIGURATION. NOTE THAT CMD 174 AND CMD 122 HAVE NO EFFECT ON EACH OTHER. 

UPLINK SWITCHING 

COMMANDS 


(INCLUDING ADP POWER ROUTING) 
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UPLINK TELEMETRY 
THE FOLLOWING TEMPERATURES ARE SENSED IN THE UPLINK COMPONENTS, 
WITH SIGNAL COND ITiON ING IN THE DATA PROCESSOR (MEASUREMENT IS 
ABSENT IF RCVRIDECODER UNIT IS OFFI: 

AT-3I DECODER BTEMP, DEG F(SENSED IN THE DATA DEMODULATORI 

AT -32 DECODER A TEMP, DEG F(SENSED IN THE DATA DEMODULATORI 

AT-40 RCVRACASETEMP, DEGF(NOTMWHENRCVRB ISOPERATINGI 


THE FOLLOWING ELECTRICAL PARAMETERS ARE SENSED IN THE RECEIVERS: 

AE-19 RCVR A INPUT SIGNAL LEVEL, DBM (SENSED IN AGCI 
AE-20 RCVR B INPUT SIGNAL LEVEL, DBM(SENSEDIN AGCI 

THE FOLLOWING STATUS PARAMETERS ARE SENSED IN THE UPLINK COMPONENTS: 

AB-06 UPLINK STATUS (A OR B COMPONENTS PLUS PR IMARY OR BACKUP ROUTINGI 
AB-08 RCVR A I KC (PRESENT OR ABSENTl 
AB-09 RCVR B I KC (PRESENT OR ABSENTl 
AB-18 UPLINK SWITCH STATUS (ACCEPT OR DELAY THE 61-HR SWITCHOVER SIGNAU 

THE COMMAND VER IFICAT ION WORD (CVWI I S READ OUT IN WORD 7 OF THE ALSEP 
TELEMETRY FRAME: 

DA -05 ALSEP COMMAND, AS RECE IVED (B ITS 3 THROUGH 9 OF WORD 71 
DA-06 ALSEP CMD MAP (MESSAGE ACCEPTANCE PULSE, IN BIT 10, INDICATES 

"ONE" IF COMMAND/COMPLEMENT AGREED I 
BITS I AND 2 ARE FI LLER AND WILL BE THE SAME AS BIT 3. THE CVW APPEARS 
ONLY ONCE, IN THE FRAME FOLLOWING COMMAND RECEIPT, OTHERWISE WORD 7 
IS ALL ZEROS. WHEN SW ITCH ING BY COMMAND BETWEEN REDUNDANT DATA 
SUBSYSTEM COMPONENTS, THE CVW MAY BE UNAVAILABLE. 

NOTE THAT COMPONENT TEMPERATURES AND ELECTR ICAL PARAMETERS ARE OFF-SCALE 
WHEN THE COMPONENT IS NOT IN USE. 
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UPLINK CONFIGURATION SWITCHING 

IIGEND 

CONFIGURATION, 

C POWER OfF 

o POWERON 

UPLINK AlB, STAlUS OF CHANGEOVER RElAY 
FIF AlB ,STAlUS OF REC.lDECOD. FLIP-FLOP 
WIX , POWER ROUTING RElAY STAlUS 

CHANGE MNTS,-=-- ,CHANGE FROM I TO 
NUMBERS ,OCTAL COMMANDS 

CIB 

AUTO. SW. 


110 

~ 

c:::::I!D 
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ADP POWER SWITCHING 

( NON·REDUNDANT PDU RELAYS ) 


ADPIULK 

,0 RPR PRI 


TO 

UPLINK ~ 


ADP RPR BKUP 

~ 
ADP X SEL~ 

'T 

DRIVERJ-
W 

• CIRCUIT BREAKERS (C/B) ACTUALLY.Q",., AB-17 GROUND RELAYCOILINOT DRIVER)PCU 1 
~: ADP • C IRCU IT BREAKER RATINGS:~ L STA + 5 VDC, 330 MA+5 VDC I 

PCU 2 -4..l +12 VDC. 150 MA 

!i -12 VDC. 150 MA 

X 
DRIVERJ-

T +5 VDC--. uIIO.A.J DRIVERJ-
... 'l- Ciii'-n 

I Q ~~ 
I 

r +12 VDCI 
I 'CiS 

-12 VDC
9--' DRIVERJ--

"CiS 
DRIVERJ- J r--

PCU 1 ... 
... J I Q+12 VDC _~ I 

IPCU 2 ... 
I 

~~ 
PCU 1 .... 

~ ............. +5 VDCI~ J 
DRIVER t- r----; 

- C/B 
-12 VDC ..... 

~~PCU 2 ..... 
"XX'lIrX"l>+12 VDC 

DRIVERJ-
C/B 

: 9 
~ I 

I 

,..,..,........-12VDC9DRIVERJ--
CiB-

ADP X 

ADP Y SEL~ 
";7 

ADP Y 
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ADP FUNCTIONS 


r----- ­I ANALOG DATA --,
I IPROCESSOR X 

90-FRAME 
(RESET) 

I 

9O-CHANNEL I I 
I 

SIGNAL
ANALOG 
MULTIPLEXER 

I I ~ 

FRAME 

MARK 
 10-BIT 

DATA 
DEMAND 

ANALOG 
TO DIGITAL 
CONVERTER 

AND SERIAL 
DATA 

FROM 
DDP 

I CLOCK
I I PULSES _____ -1L 

I I I-
88 


ANALOG 
 tt}~~pSIGNALINPUTS I I 
CONDITIONING 
AND CAL 

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

ADP ...Y ,.--------' 
I (REDUNDANT :'---------' 

'------....·-tl UNIT) IL _______ ...J 

.90-CHANNEL ANALOG MU LT IPLEXER 
SAMPLES THROUGH 90 INPUT CHANNELS OF ANALOG ENG INEER ING 
(HOUSEKEEPING) DATA IN ASCENDING NUMERICAL ORDER, 
ADVANC ING ONE CHANNEL PER ALSEP TELEMETRY FRAME. BETWEEN 
EACH OF THE 90 SAMPLES, A SEPARATE SAMPLE IS TAKEN OF THE 
ALSEP RESERVE CURRENT WH ICH IS ALSO ONE OF THE 90 INPUTS. 
TWO OF THE INPUTS ARE INTERNAL CALIBRATION SIGNALS AND 
THE OTHER 88 ARE OBTAINED FROM THE CENTRAL STATION AND THE 
EXPER IMENTS. NOTE THAT SOME OF THE EXPER IMENT INPUTS ARE 
COMMUTATED, SAMPLING A SER IES OF PARAMETERS ON A SINGLE 
INPUT LINE TO THE ADP. 
- THE MULTIPLEXER CONTAINS A SELF-RESmING COUNTER 

n TO 90) AND A 90-INPUT MATRIX SWITCH FOR ROUTING THE 
ANALOG SIGNALS SEQUENTIALLYTO THE ANALOG-TO-D IG ITAL 
CONVERTER (ADC). 

- AT THE START OF THE 64TH (FINAL) WORD OF EACH ALSEP 
TELEMETRY FRAME, AN "ADVANCE" PULSE FROM THE DDP SETS 
THE SWITCH ING MATR IX TO THE NEXT POS ITlON, AND ONE 
WORD LATER THE DDP "FRAME MARK" PULSE APPLIES THE ANALOG 
SIGNAL TO THE ADC. 

- AT ALSEP WORD 33, THE ANALOG-TO-D IGITAL CONVERSION IS 
PERFORMED AFTER WH ICH A FLI P-FLOP I S RESET TO APPLY THE 
RESERVE POWER ANALOG SIGNAL TO THE ADC. 

- THE RESERVE POWER ANALOG-TO-DIGITAL CONVERS ION IS 
PERFORMED DUR ING ALSEP WORD 63. 

- DURING THE ENTIRE PERIOD THATTHE MULTIPLEXER IS SAMPLING 
CHANNEL 90, A 90-FRAME PULSE SIGNAL IS GENERATED AND 
SU PPLIED TO THE DDP. IT RESETS THE INDEPENDENT FRAME 
COUNTER IN THE DDP WHICH OTHERWISE WOULD COUNT TO 
128 (7-B IT COUNTER)' WHEN SW ITCH ING BETWEEN REDUNDANT 
DDP'S, THE FRAME COUNTER INDICATION IS MEANINGLESS 
UNTIL RECE IPT OF THE FIRST 90-FRAME PULSE FROM THE ADP 
(THAT IS, WORD 33 IS OUT OF SYNC)' THIS CONDITION WILL 
EXIST FOR LESS THAN 90 FRAMES (54 SECONDS), A SIMILAR 
TEMPORARY OUT-OF-SYNC COND ITION FOR WORD 33 WILL 
FOLLOW AN ADP SWITCHOVER. 
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ADP FUNCTIONS [CONT.) 


r----- ­I ANALOG DATA I
I X IPROCESSOR 

90- FRAMEI 
I IRESETI

90-CHANNEL I SIGNAL
ANALOG 

I 
~LTIPLEXER 

I 
FRAME 

MARK 
 IO-B IT 
AND SER IALI ! 

DATA 

ANALOG 1 DATAIFROM DEMAND 
TO DIGITAL

DDP I CONVERTER r I CLOCK
I I PULSESL+ _____ ~ 

• I ~ 
88 

I 

I 

CONDITIONING 
AND CAL 	

TO
ANALOG 

. 	 DDfINPUTS I I ~ ISIGNAL } 

:-------~ 
UNITI IL _______ ...J 

• ANALOG TO DIG ITAL CONVERTER (ADC) 
THE ADC ACCEPTS ANALOG SIGNALS FROM THE MULTIPLEXER 
AND CONVERTS THEM INTO 10-B IT DIG ITAL DATA (INCLUD ING 
TWO FI LLER BITS) TO BE FORWARDED IN SER IAL FORMAT TO 
THE DDP. 
- THE ADC USES A RAMP GENERATOR-COMPARATOR TECHNIQUE 

FOR CONVERS ION, IN WHICH THE INPUT ANALOG SIGNAL 
(VOLTAGE) IS COMPARED TO A LINEAR RAMP VOLTAGE 
WH ILE A COUNTER ADVANCES ONE BIT .PER UNIT VOLTAGE 
INCREMENT. THE COUNTER IS STOPPED WHEN THE RAMP 
VOLTAGE EXCEEDS THE INPUT VOLTAGE. THE NUMBER IN THE 
COUNTER IS THEN READ OUT TO A BUFFER STORAGE REGISTER 
AS THE BINARY EQU IVALENT OF THE MAGN nUDE OF THE INPUT 
ANALOG VOLTAGE: THE 8-B IT BINARY SCALE HAS A DEC IMAL 
RANGE OF ZERO-TO-255, WITH ONE-TO-254 REPRESENTING A 
VOLTAGE BETWEEN ZERO AND +5 VDC. ZERO OUTPUT REPRESENTS 
NEGATIVE VOLTAGE INPUT AND 255 REPRESENTS GREATER THAN 
+5 VDC. 

- THE CONVERS ION STARTS ATTHE TRA ILiNG EDGE OF A "START 
CONVERS ION" SIGNAL FROM THE ADC CONTROL LOG IC SECTION 
AND IS COMPLETED WITH IN 140 MICRO-SECONDS, MAX IMUM. 
READOUT TO THE BUFFER REGISTER CLEARS THE COUNTER AND 
RESETS THE RAMP GENERATOR. 

-	 TIMING PULSES FOR THE COUNTER ADVANCE ARE SUPPLIED BY 
THE DDP AT 2.035 MHz (!: O. 005%). 

• 	 SIGNAL CONDITIONING AND CALIBRATION 
TEMPERATURE MEASUREMENTS OF THE CENTRAL STATION STRUCTURE, 
THE RTG, AND ONE EACH FROM LMS, LSP, AND LEAM, ARE CONDITIONED 
IN THE NON-REDUNDANT SECTION OF THE ADP TO PROVIDE ZERO TO 
+5 VDC SIGNALS FOR INPUT TO THE ANALOG MULTIPLEXERS/CONVERTERS. 
PREC IS ION SIGNALS AT O. 25 AND 4.75 VDC ARE GENERATED FOR ADC 
CALIBRATION, AND PCU OUTPUT VOLTAGES ARE MONITORED/CONDITIONED 
IN THE ADC. (PCU 1AND PCU 2 OUTPUTS ARE COMB INED INTO ONE 
MEASUREMENT FOR EACH OF THE FOUR VOLTAGE LEVELS. ) 

MAY 72 3270.2.31 

http:3270.2.31


ADP COMMANDS 
OCTAL CMD NUMBER 

• 024 ADP X SEL 

TH IS CMD ACTUATES LATCH ING RELAYS IN THE NON-REDUNDANT SECTION 
OFTHE PDU TO THE POSITION THAT APPLIES +5 VDC, +12 VDC, AND -12 VDC TO 
THE X UN IT OF THE ANALOG DATA PROCESSOR AND REMOVES +5 VDC, +12 VDC 
AND .-12 VDC FROM THE YUNIT. ADP X IS PRESET TO BE ENERG IZED AT INITIAL 
LUNAR ACTIVATION. REPEATED APPLICATION OF CMD 024 HAS NO FURTHER 
EFFECT. 

• 025 ADP Y SEL 

THIS CMD ACTUATES LATCHING RELAYS IN THE NON-REDUNDANT SECTION OF 
THE PDU TO THE POS ITlON·THAT APPLIES +5 VDC, +12 VDC AND -12 VDC TO THE Y 
UN IT OF THE ANALOG DATA PROCESSOR AND REMOVES +5 VDC, +12 VDC AND -12 
VDC FROM THE X UNIT. REPEATED APPLICATION OF CMD 025 HAS NO FURTHER 
EFFECT. 

• 107 ADP REDUNDANT POWER ROUTING, BACKUP SELECT 

THIS CMD ACTUATES A LATCHING RELAY IN THE NON-REDUNDANT SECTION 
OF THE PDU TO THE POS ITION THAT PROV IDES AN ALTERNATE, REDUNDANT 
ROUTING OF +5 VDC FROM PCU 1AND PCU 2 TO THE AD P SELECT ION RELAYS. 
THIS CMD WOULD BE APPLIED IF IT APPEARED THAT BOTH ADP'S WERE OPERATING 
SIMULTANEOUSLY. AN ALTERNATIVE OOULD BE TO SWITCH PCU'S. THE 61-HR 
PULSE DOES NOT SWITCH ADP ROUTING. REPEATED APPLICATION OFCMD 107 
HAS NO FURTHER EFFECT. 
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'"1\ 

ADP TELEMETRY 

THE FOLLOWING TEMPERATURES ARE SENSED AND CONDITIONED IN THE ADP: 
AT-27 DP BASE TEMP, DEG F (REPRESENTS THE MOUNTING PLATE 

TEMP FOR BOTH THE ADP AND DDP) 
AT-28 DP INT TEMP, DEG F (SENSED IN THE ADP TO MONITOR 

INTERNAL ELECTRON IC STEMP OF 
THE DATA PROCESSOR 

THE FOLLOW ING ELECTR ICAL PARAMETERS ARE SENSED IN THE ADP: 
AE-Ol ADC 0.25 VDC CAL (A PREC I S ION SOURCE OF O. 25 VDC IN THE 

ADP TO VERIFY ACCURATE FUNCTIONING 
OF THE ANALOG-TO-D IG ITAL CONVERS ION) 

AE-02 ADC 4.75 VDC CAL (A PREC I S ION SOURCE OF 4. 75 VDC IN THE 
ADP TO VERIFY ACCURATE FUNCTIONING 
OF THE ANALOG-TO-D IG ITAL CONVERS ION) 

THE FOLLOWING STATUS PARAMETER IS GENERATED INTHEUPLINK 
POWER CIRCU ITS: 

AB-17 ADP STATUS (X OR Y COMPONENT PLUS PR IMARY OR BACKUP ROUTING) 
THE 90-CHANNEL ANALOG OUTPUT, WITH VAR 10US DES IGNATIONS, APPEARS IN WORD 33 
OF THE ALSEP TELEMETRY FRAME AND RESERVE CURRENT (PROCESSED BY THE ADP) APPEARS 
AS PARAMETER DA-08 IN ALSEP WORD 63. IN BOTH CASES, THE 1O-BIT DATA WORD IS PRESENTED AS 
FOLLOWS: rFI LLER BITS (ZEROS) 

rMOST SIGNIFICANT BIT . 
~ I ~AST SIGNIFICANT BIT 

BIT NUMBER --1112 t3141516171819110 J 


\r8-B IT OUTPUT OF ADC 
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_________________________________ 

DDP FUNCTIONS 


A. DP FORMAT ON 
I----------------------------------~ 

SELECT DP DATA DDP X 

"Y' I 

A lSP FORMAT ON I SELECT lSP DATA 

V INITIAlIZE- I END 
OF

A NORMAL BIT RATE I FRAME CLOCK 
CONTROL TIMING 

V I AND-
A. lOW BIT RATE . TIMING 

V ,i , i r-- LOGIC 

1 
ENABLE INHIBIT 

TO DDP V I DATA 

IMUlTIFORMAT I DEMAND I DEMANDSf "15'" CLOCK ",LSE' 
ICOMMUTATOR I 1 REGISTER r-

FRAME MARK &ADVANCE f CONTROL WORDS 

ADP DIGITIZED HK DATA CLOCK WORD ~ 11,2,&3 
(X OR V) 90-FRAME (RESET) I FRAME l-- VWE DIGII, II

GENERATOR 
GALE IMUX I NRZ ...:.t MODULATOR) 

DATA DEMAND T 
COUNTER 

IL L_
~€1 

SERIAL 
DATA ____ 

~- - ~-------------- --- ------- -- - ...J 
SPlIT 

RIPPLE-OFF 
PHASE 
DATA 

PERIODIC 9O-FRAME MARK 
VWE 

INTERFACEC~ { DATA DEMAND
DECODER 

CVW 
DATA 

(A OR B) 
DEMANDS 

EX PER DATA (0 IG ITAU 
(oP ONlV) 

EXPER CONTROL 

lSP DATA (oIGITAU TIMING 
lSP 

t f?t 
r--~~ --- - ------ - - - ------- ----------,L 

XMTR 
(A OR B) 

}~~R 

--~~ 

DDP Y (REDUNDANT UNIT) 
~ 

MAY 723270.2.34 

http:723270.2.34


DDP POWER· CONTROL 


,
+5 VDC ~ DDP X 


PDU 

DDP X SEL 

1 

DR IVER 

I I , 
PCU 1 CIB 
+5 VDC 

DRIVER 
CIB 

CIRCUIT BREAKERS (C/B) ISSUE SWITCHOVER SIGNALAT 270 + 27 MA 
CIRCU IT BREAKERS ACTUALLY GROUND RELAY CO IUNOT DR IVER) MAY 72 3270.2.35 
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DDP POWER COMMANDS 
OCTAL CMD NUMBER 

• 034 DDP X SEL 

THIS CMD ACTUATES TWO LATCHING RELAYS, ONE IN EACH PDU, TO THE POSITION 
THAT APPLIES +5 VDC TO THE X UN IT OF THE DIG ITAL DATA PROCESSOR AND REMOVES 
+5 VDC FROM THE Y UNIT. DDP X IS PRESET TO BE ENERGIZED AT INITIAL LUNAR ACTI­
VATION. REPEATED APPLICATION OFCMD 034 HAS NO FURTHER EFFECT. SWITCHING 
DDP'S IN EITHER THE DP OR LSP FORMAT, NORMAL OR SLOW DATA RATE, RESULTS IN 
NORMAL DATA RATE IN THE SAME FORMAT. 

• 035 DDP Y SEL 

THIS CMD ACTUATES TWO LATCHING RELAYS, ONE IN EACH PDU, TO THE POSITION 
THAT APPLIES +5 VDC TO THE Y UN IT OF THE DIG ITAL DATA PROCESSOR AND REMOVES 
+5 VDC FROM THE X UNIT. REPEATED APPLICATION OF CMD 035 HAS NO FURTHER EFFECT. 
SWITCHING DDP'S IN EITHER THE DP OR LSP FORMAT, NORMAL OR SLOW DATA RATE, 
RESULTS IN NORMAL DAT RATE IN THE SAME FORMAT. 
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DDP MODE AND BIT RATE COMMANDS 

OCTAL CMD NUMBER 

• 006 NORMAL BIT RATE SEL 

THIS CMD SELECTS THE DDP TIMING CONFIGURATION SUCH THAT IN THE DP 
FORMAT MODE THE DOWNLINK DATA RATE IS 1060 BPS. IN THE LSP FORMAT 
MODE THE DOWNLINK DATA RATE IS 3533.3 BPS. THE APPLICATION OF PWR 
TO ALSEP CAUSES INITIALIZATION IN THE NORMAL BIT RATE CONFIGURATION. 
WHEN A CHANGE FROM LOW BIT RATE TO NORMAL BIT RATE IS COMMANDED, 
IN EITHER DP OR LSP FORMAT, THE CHANGE TAKES EFFECT AT THE END OF THE 
64-WORD DATA FRAME, FOLLOW ING RECE IPT OF CMD 006, FOR WH ICHEVER 
DDP IS OPERATIONAL REPEATED APPLICATION OF CMD 006 HAS NO FURTHER 
EFFECT. 

• 007 LOW BIT RATE SEL 

THIS CMD SELECTS THE DDP TIMING CONFIGURATION SUCH THAT IN THE DP 
FORMAT MODE THE DOWNLINK DATA RATE IS 530 BPS. IN THE LSP FORMAT 
MODE THE DOWNLINK DATA RATE IS 1060 BPS. WHEN A CHANGE FROM NORMAL 
BIT RATE TO LOW BIT RATE IS COMMANDED, IN EITHER DP OR LSP FORMAT, 
THE CHANGE TAKES EFFECT AT THE END OF THE 64-WORD DATA FRAME, FOLLOW ING 
RECEIPT OF CMD 007, FOR WHICHEVER DDP IS OPERATIONAL. REPEATED APPLICA­
TION OF CMD 007 HAS NO FURTHER EFFECT. 

.005 DP FORMAT ON 

THIS CMD SELECTS THE DDP CONFIGURATION THAT INHIBITS INPUTS FROM THE 
LSP TO THE MODULATOR, ENABLES INPUTS FROM THE DIGITAL MUX AND THE OTHER 
EXPERIMENTS, AND ENABLES DATA DEMANDS TO THOSE EXPERIMENTS. WHEN SWITCH­
ING FROM LSP FORMAT TO DP FORMAT BY CMD 005, IN EITHER LSP NORMAL DATA 
RATE (3533.3 BPS) OR LSP LOW DATA RATE (1060 BPS) THE RESULTING DP DATA RATE WILL BE 
NORMAL (1060 BPS), CMD 005 TAKES EFFECT AT THE END OF THE 64-WORD DATA FRAME, 
FOLLOWING RECEIPT, FOR WHICHEVER DDP IS OPERATIONALIBUT IS NOT OUTPUTTING 
DATA). THE APPLICATION OF PWR TO ALSEP CAUSES INITIALIZATION IN THE DP FORMAT 
CONFIGURATION. REPEATED APPLICATION OF CMD 005 HAS NO FURTHER EFFECT. 

• 003 LSP FORMAT ON 

THIS CMD SELECTS THE DDP CONFIGURATION THAT ENABLES INPUTS FROM THE LSP 
TO THE MODULATOR, INHIBITS INPUTS FROM THE DIGITAL MUX AND OTHER EXPERI­
MENTS, AND INH I B ITS DATA DEMANDS TO THE EXPER IMENTS. WHEN SW ITCH ING FROM 
DP FORMAT TO LSP FORMAT BY CMD 003, THE RESULTING LSP DATA RATE WILL BE 
NORMAL OR LOW (3533. 3 BPS OR 1060 BPS) DEPEND ING ON WHETHER THE DP DATA RATE 
WAS NORMAL OR LOW (1060 BPS OR 530 BPS!. CMD 003 TAKES EFFECT AT THE END 
OFTHE 64-WORD DATA FRAME, FOLLOWING RECEIPT, FOR THE DDP IN OPERATION 
AT THAT TIME. REPEATED APPLICATION OF CMD 003 HAS NO FURTHER EFFECT. 
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MODE AND BIT RATE CONFIGURATION SWITCHING 


003 006 005 006 INITIAL POWER 


LSP SLOW 

rSWITCHj!PLlNK" I 

00.; I DP SLOW · 

003 

DP NORMAL 

007 t 006 

( 
~ 

APPLICATION 
3533 005 MAY ALSO OCCUR 
lSP NORMAL SWITCH-UPLINK AT PCU SW ITCHOVER UNDER 

CERTAIN COND ITIONS 

DDP CHANGE 

LEGEND: 

006DDP CHANGE~ 

, 

007 

, 
I ' BOXES IND ICATE MODE AND/1060 I 530 BIT RATE CONFIGURATIONS 

LINES IND ICATE SW ITCH ING 
PATHS (NUMBERS ON LINES003 007 007 
ARE OCTAL COMMANDS) 
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DDP TELEMETRY 

THE DDP COLLECTS AND FORMATS THE DATA OUTPUT OF ALL EXPER IMENTS 
(EXCEPT THE LSP), THE ADP OUTPUT, AND THE CVW (WHEN PRESENT), AND 
PROVIDES A MODULATION SIGNAL FOR DOWNLINK TRANSMISSION. IN THE 
DATA PROCESSOR FORMAT, THE OUTPUT I SA 64O-B IT DATA FRAME (64 lO-B IT 
DATA WORDS) AT TWO RATES: 

1060 BITS PER SECOND: NORMAL BIT RATE} 
530 BITS PER SECOND: LOW BIT RATE IDENTICAL FORMATS . 

IN THE LSP FORMAT, THE DATA COLLECTION AND FORMATIING IS PERFORMED 
BY THE LSP WITH ONLY TIMING AND MODULATION PERFORMED BY THE DDP. 
THE OUTPUT IS AN 1S00-BIT MAIN DATA FRAME (60 30-BIT DATA WORDS) AT 
TWO DATA RATES: 

3533. 3 BITS PER SECOND: NORMAL BIT RATE } 
1060 BITS PER SECOND: LOW BIT RATE IDENTICAL FORMATS 

IN THE DATA PROCESSOR FORMAT, THE DDP GENERATES THE CONTROL WORDS 
(WORDS 1, 2, AND 3 IN EACH FRAME) WHICH CONTAIN: 

DA-01 ALSEP FRAME SYNC (22 BITS: BARKER CODE AND COMPLEMENT) 
DA-02 ALSEP FRAME CNTR (7 BITS: IDENTIFYING 90 SEQUENTIAL FRAMES) 
DA-03 ALSEP BIT RATE ID (30TH BIT IN THE FIRST AND SECOND FRAME) 
DA-Q4 ALSEP ID (30TH BIT IN FRAMES 3, 4, AND 5; BINARY 100 FOR 
APOLLO 17 ALSEP) 

THE FOLLOWING STATUS PARAMETER IS SENSED IN THE DDP: 
AB-lO DDP STATUS (X OR Y) 
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DDP BASIC CLOCK LOGIC 
ADP f~ CLOCK PULSES I 2.0352 MHz 1-+-1 ..;. 12 
(X OR Y) l 


IN ITlALIZE 

NORMAL BIT RATE 


COMMAND 
BUFFERLOW BIT RATE 

END 
OF 
FRAME 

'"---..v----,/-
MU LTI FORMAT 
COMMUTATOR 

169.6 KHz: BAS IC CLOCK FREQUENCY.\ DDP 
)TlMING_...&.--• 

.;-2 
-.­

84.8 KHz 

LU, L~• "". L"' "W" "" 'I!"'''Y } LSP 

CMD 
DECODER}I ~ (R IPPLE-OFF) 

1060 BPS: DP NORMAL ~ DP 
530 BPS: DP LOW f FORMAT 

3533. 3 BPS: LSP NORMAL ~} LSP 
1060 BPS: LSP LOW ~ FORMAT 
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DATA PROCESSOR TIMING/CONTROL SIGNALS 


9Oll-l _ n N x90 X E SEC .. n 

FRAME -=:lFN X 118 J,tSEC 53 " Ii 

MARK 1 l~<-- ­

I- NX ~ SEC "I 
: • N X E'" SEC 53 -I 

~:R~E ~ 53 n n 
10 . ,L--__ 

EVEN --U--N X 118J,tSEC N X 118 J,tSEC---1 t- ­
~t~E ~ . ~L.___ 

N X U8 J,tSEC--J~ N X 236J,tSEC---j t-- Jwtl:--N X 236~SEC N X 118J,tSEC--H-­
SHIFT IiOl ifll Gl fiQ1 nl fil 121 19 I n rtl· r;l fiiil n rtl f2l fiiil In_ 1060(± 0.01%)b/s 
PULSL_r~·u~4t..r4rJ Ll.rU~4 IrJ U'U~4~-r4~ U'U~4\-rLJJ L.: N 

: • ..I I. WORD TIME_: I. • 1 I.. ..I 
IFI RST WORD TIME I PER TELEMETRY I FI RST WORD TIME LAST WORD TIME 
: EVEN FRAME ! FORMAT: ODD FRAME ODD FRAME 

DATA: I 9.4XN I 
DEMAND I MILLISECONDS ~__________________ 

I. .1 

DATA ~t--NX 118~SEC e--lLJ ~ 
GATE j n...,j ~J I 

N = 1 FOR NORMAL MODE OF 1060 bps 

N =2 FOR SLOW MODE OF 530 bps 

LOG IC LEVELS :"ONE". + 4. 0 ~ 1. 5VOLTS;"ZERO". + O. 2 ~ O. 2 VOLTS 


°E SEC.. 640 BI TS PER FRAME ALL OTHER TI MES ARE ACCURATE ONLY TO ll-lE S I GNI FI CANT FI GURE SHOWN. 
53 1060 bps 
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TRANSMITTER FUNCTIONS 

SPEC IFICATIONS: 

OUTPUT: 1 WAn INTO A 50-OHM LOAD 
FREQUENCY: +0.000, -0.0005% ON INITIAL SETIING 

+0.0005%, -0.0000 DR 1FT OVER TWO-YEAR PER IOD 
+ 0.002% DUE TO ENVIRONMENTAL EFFECTS 

MODULATION INDEX: + 1.25 RAD IANS + 5% 

SPLIT 

195 MHz I I PSK 
OSC ILLATOR 

I'-1 AMPLIFIER 

I 
I +23 VDC 

+29 VDC POWER 

BAND 

I SUPPLY I +17 VDC 

,J REGULATOR 

380 
MHz BAND 

AMPLIFIER 1-----+1 PASS 
X4 

PASS
MULT

FILTER 
-----' 

760 

X2 H 

FILTER 

HPOWER 
MULT AMPLIFIER AMPLIFIER 

X3 
MULT ISOLATOR 

BAND 
PASS 

FILTER 

D I PLEXER 
SWITCH 

PHASE 
DIGITAL 

DDP DATA 
(X OR YI 

PDU 
(lOR 2) 
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TRANSMITTER POWER CONTROL 


+29 VDC ) XMTR A 

+29 VDC _} XMTR B 

I>f +12 VDC J. D I PLEXER 

·J SW ITCH 

I I -, 	 , ~ I I 
L ______--.J 

XMTR A OFF 

I fHlII' I.,.. 

-- .-ct .I ~ 
-

I I r; I I ! 
I 

" 

[~~==~~(;;U~~NITJ====J 
NOTES: 

• 	 CIRCU IT BREAKERS (C/B) ISSUE OFF SIGNALS AT 760 MA FOR +29 VDC 

AND 150 MA FOR +12 VDC 


• 	 CIRCUIT BREAKERS ACTUALLY GROUND RELAYCOIUNOT DRIVER) 
• 	 UNLIKE PREVIOUS ALSEp1S, THERE ARE NO BACKUP HEATERS PLACED 

ON-LINE WHEN BOTH XMTR1S ARE OFF; ALSO, THERE IS NO AUTOMATIC 
SW ITCHOVER FROM ONE XMTR TO THE OTHER (XMTR'S ARE CONTROLLED 
INDEPENDENTLY) MAY 72 3270.2.43 
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XMTR POWER COMMANDS 
OCTAL CMD NUMBERS 

• 012 XMTR A ON 

THIS CMD ACTUATES A PAIR OF LATCHING RELAYS, ONE IN EACH PDU, TO 
THE POS ITION THAT APpLIES +29 VDC TO XMTR A. XMTR A IS PRESET TO BE ENERG IZED 
AT INITIAL lUNAR ACTIVATION. REPEATED APPLICATION OF CMD 012 HAS NO FURTHER 
EFFECT. 

• 013 XMTR A OFF 

THIS CMD ACTUATES A PAIR OF LATCHING RELAYS, ONE IN EACH PDU, TO THE 
POS ITION THAT REMOVES +29 VDC FROM XMTR A. NOTE THAT THERE IS NO XMTR HEATER 
TO REPLACE THE LOAD IN THE CENTRAL STATION WHEN BOTH XMTR'S ARE OFF, BUT APM 
COMPENSATION Will OCCUR IF NECESSARY. REPEATED APPLICATION OF CMD 013 HAS 
NO FURTHER EFFECT. 

• 014 XMTR B OFF 

THIS CMD ACTUATES A PAIR OF LATCHING RELAYS, ONE IN EACH PDU, TO THE 
POS IT ION THAT REMOVES +29 VDC FROM XMTR BAND +12 VDC FROM THE D I PLEXER SW ITCH. 
NOTE THAT THERE IS NO XMTR HEATER TO REPLACE THE lOAD IN THE CENTRAL STATION 
WHEN BOTH XMTR'S ARE OFF BUT APM COMPENSATION Will OCCUR IF NECESSARY. XMTR B 
IS PRESET TO BE DEENERGIZED AT INITIAL LUNAR ACTIVATION. REPEATED APPLICATION 
OF CMD 014 HAS NO FURTHER EFFECT. 

• 015 XMTR B ON 

THIS CMD ACTUATES A PAIR OF LATCHING RELAYS, ONE IN EACH PDU, TO THE 
POSITION THAT APPLIES +29 VDC TO XMTR BAND +12 VDC TO THE DIPLEXER SWITCH. 
IN THE ENERG IZED STATE, THE D I PLEXER SWITCH CONNECTS XMTR BTO THE ANTENNA; 
HENCE, IF BOTH XMTR'S ARE COMMANDED ON SIMULTANEOUSLY, THE OUTPUT OF 
XMTR B Will BE RADIATED DOWNLINK. THE OUTPUT OF XMTR A Will BE DISSIPATED 
IN A DUMMY lOAD IN THE D I PLEXER SW ITCH. REPEATED APPLICAT ION OF CMD 015 
HAS NO FURTHER EFFECT. 
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TRANSMITTER TELEMETRY 


THE FOllOW ING TEMPERATURES ARE SENSED IN THE TRANSMITTERS WITH POWER 
SUPPLIED IN THE XMTR AND SIGNAL CONDITIONING IN THE ADP (MEASUREMENTS 
ABSENT IF XMTR IS OFF): 

AT-23 XMTR A POWER AMPLIFIER TEMP, DEG F 

AT-24 XMTR A CASE TEMP, DEG F 

AT-25 XMTR B POWER AMPLIFIER TEMP, DEG F 

AT-26 XMTR B CASE TEMP, DEG F 


THE FOllOW ING ELECTR ICAl PARAMETERS ARE SENSED IN THE TRANSMITTERS 
(MEASUREMENTS ABSENT WHEN XMTR IS OFF): 

AE-15 XMTR A REGULATOR CURRENT, AMPS (SENSED IN THE +17 VDC LINE) 
AE-16 XMTR B REGULATOR CURRENT, AMPS (SENSED IN THE +17 VDC LINE) 
AE-17 XMTR A +23 VDC OUTPUT, VOLTS (SENSED AT THE POWER SUPPLY REGULATOR) 
AE-18 XMTR B +23 VDC OUTPUT, VOLTS (SENSED AT THE POWER SU PPlY REGU LATOR) 
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EXPERIMENT POWER CONTROL 
(ONE OF FIVE) 

,____________ (ONEOFFIVE) 

,. I -----PDUI' NOTE: ASTRO SW IS 

~)OPER SEL 
I 

+29 VDC 
PCU 1 

DOWNSTREAM OF TM 

ASTRO SW 2 
(LSP ONLY) +29 VDC-------, 

... 1: OPER PWR •
-------r1~~1~' , ~o 

o 

L _____J____~ ________J 
UNSWITCHED +29 VDC 

L..__.........,--- -- - - ---------

PDU 2 (REDUNDANT UNITI 

~ 
TM 

(3 STATES FOR 
EACH EX PER) 

+29 VDC 
STANDBY PWR 
(NOT CONNECTED 
TO LSP) 

~ 

EXPER 

~) STBY SEL 

CIRCU IT BREAKER (C/B) 

SELECTS STANDBY 

VIA RELAYQ)AT 

560 + 50 MA 


~") OFF SEL 

·RIPPLE-OFF SEQUENCE: PDR I, PDR 2, LMS, LEAM, HFE, LSG, LSP 
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EXPERIMENT POWER CONTROL (CONT'D) 
• SELECTION COMMANDS (OCTAL): 

EXPER @ OPER ® STBY © OFF 

#1, LMS 036 037 041 
#2, LEAM 042 043 044 
#3, HFE 045 046 050 
#4, LSG 052 053 054 
#5, LSP 055 056 057 

• POWER SWITCHING FROM OFF TO STBY IS INHIBITED: 

®;;8."0..@
C\) /(0 

0PER 

©\,
8 e 
~ 

© 
• NORMAL OPERATING SEQUENCES: 

RELAY CONTACT POSITION 
SEQUENCE CD CDCD 

UPOFF TO OPER DOWNUP 
DOWNOPER TO STBY DOWN UP 
DOWNSTBY TO OFF DOWN DOWN 

OPER TO OFF DOWN DOWNDOWN 

• OVERLOAD (C IRCU IT BREAKER) SEQUENCE: 

RELA YCONTACT POS ITION 
SEQUENCE CD CDCD 

OPER (INITIAL) UP UP DOWN 
OPER TO OVERLOAD 1 UPUP UP 
OVERLOAD 1TO OVERLOAD 2 UPDOWN UP 

DOWN --RESET OF C/BOVERLOAD 2 TO STBY UPDOWN 
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EXPERIMENT POWER SWITCHING 
OCTAL CMD NUMBERS 

• 	 036 EXPER 1 OPER (LMS) 


THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE 

POS ITION THAT APPLIES +29 VDC TO THE OPERAT ING LINE OF THE LMS. REPEATED 
APPLICATION OF CMD 036 HAS NO FURTHER EFFECT. 

• 	037 EXPER 1 STBY (LMS) 


THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION 

THAT REMOVES +29 VDC OPERATIONAL POWER FROM THE LMS, IF IT WAS IN THE 

OPERATE MODE, AND APPLIES +29 VDC TO THE STANDBY LINE. IN THE OFF MODE, 

CMD 037 DOES NOT CONTROL PWR AND THE EXPER IMENT REMA INS OFF. REPEATED 
APPLICATION OF CMD 037 HAS NO FURTHER EFFECT. 

• 	041 EXPER 1 OFF (LMS) 


TH IS CMD ACTUATES LATCH ING RELA Y$, IN BOTH PDU'S, TO THE POS ITION 

THAT REMOVES ALL +29 VDC PWR FROM THE LMS, WHETHER IT WAS PREV IOU SLY 

IN THE OPERATE MODE OR THE STANDBY MODE. THE EXPER IMENT RELAYS ARE 

PRESET TO BE IN THE OFF MODE AT INITIAL LUNAR ACTIVATION. REPEATED 

APPLICATION OF CMD 041 HAS NO FURTHER EFFECT. 
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EXPERIMENT POWER SWITCHING (CONT'D) 


OCTAL CMD NUMBERS 

• 042 EXPER 2 OPER (LEAM) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION 
THAT APPLIES +29 VDC TO THE OPERAT ING LINE OF THE LEAM. REPEATED APPLICATION 
OF CMD 042 HAS NO FURTHER EFFECT. 

• 043 EXPER 2 STBY (LEAM) 

THIS DMC ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION 
THAT REMOVES +29 VDC OPERATIONAL POWER FROM THE LEAM, IF IT WAS IN THE 
OPERATE MODE, AND APPLIES +29 VDC TO THE STANDBY LINE. IN THE OFF MODE, 
CMD 043 DOES NOT CONTROL PWR AND THE EXPERIMENT REMAINS OFF. REPEATED 
APPLICATION OF CMD 043 HAS NO FURTHER EFFECT. 

• 044 EXPER 2 OFF (LEAM) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S,TO THE POSITION 
THAT REMOVES ALL +29 VDC PWR FROM THE LEAM, WHETHER IT WAS PREV 10USLY 
IN THE OPERATE MODE OR THE STANDBY MODE. THE EXPERIMENT RELAYS ARE 
PRESET TO BE IN THE OFF MODE AT INITIAL LUNAR ACTIVATION. REPEATED APPLI­
CATION OF CMD 044 HAS NO FURTHER EFFECT. 
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EXPERIMENT POWER SWITCHING [CONT'D) 

OCTAL CMD NUMBERS 

• 045 EXPER 3 OPER (HFE) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

APPLIES +29 VDC TO THE OPERATING LINE OF THE HFE. REPEATED APPLICATION 

OF CMD 045 HAS NO FURTHER EFFECT. 


• 046 EXPER 3 STBY (HFE) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 
REMOVES +29 VDC OPERATIONAL POWER FROM THE HFE, IF IT WAS IN THE OPERATE 
MODE, AND APPLIES +29 VDC TO THE STANDBY LINE. IN THE OFF MODE, CMD 046 
DOES NOT CONTROL PWR AND THE EXPER IMENT REMA INS OFF. REPEATED APPLICATION 
OF CMD 046 HAS NO FU RTHER EFFECT. 

• 050 EXPER 3 OFF (HFE) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

REMOVES ALL +29 VDC PWR FROM THE HFE, WHETHER IT WAS PREVIOUSLY IN THE 

OPERATE MODE OR THE STANDBY MODE. THE EXPER IMENT RELAYS ARE PRESET TO 

BE IN THE OFF MODE AT INITIAL LUNAR ACTIVATION. REPEATED APPLICATION OF 

CMD 050 HAS NO FU RTHER EFFECT. 
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EXPERIMENT POWER SWITCHING (CONT'D) 
OCTAL CMD NUMBERS 

• 052 EXPER 4 OPER (LSG) 

THISCMDACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

APPLIES +29 VDC TO THE OPERATING LINE OF THE LSG. REPEATED APPLICATION 

OF CMD 052 HAS NO FURTHER EFFECT. 


• 053 EXPER 4 STBY (LSG) 

TH IS CMD ACTUATES LATCH ING RELAYS, IN BOTH PDU'S, TO THE POS ITION THAT 
REMOVES +29 VDC OPERATIONAL POWER FROM THE LSG, IF IT WAS IN THE OPERATE 
MODE, AND APPLIES +29 VDC TO T~E STANDBY LINE. IN THE OFF MODE, CMD 053 
DOES NOT CONTROL PWR AND THE EXPER IMENT REMA INS OFF. REPEATED APPLICATION 
OF CMD 053 HAS NO FURTHER EFFECT. 

• 054 EXPER 4 OFF (LSG) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

REMOVES ALL +29 VDC PWR FROM THE LSG, WHETHER IT WAS PREV 10USLY IN THE 

OPERATE MODE OR THE STANDBY MODE. THE EXPER IMENT RELA YS ARE PRESET TO 

BE IN THE OFF MODE AT INITIAL LUNAR ACTIVATION. REPEATED APPLICATION OF 


.CMD 054 HAS NO FU RTHER EFFECT. 
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EXPERIMENT POWER SWITCHING (CONT'O) 
OCTAL CMD NUMBERS 

• 055 EXPER 5 OPER (LSP) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

APPLIES +29 VDC TO THE OPERATING LINE OFTHE LSP. ASTRO SW 2 IS ALSO IN 

THIS LINE AND TM WILL SHOW OPER MODE REGARDLESS OFTHE STATE OF ASTRO 

SW 2. REPEATED APPLICATION OF CMD 055 HAS NO FURTHER EFFECT. 


• 056 EXPER 5 STBY (LSP) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

REMOVES +29 VDC OPERATIONAL POWER FROM THE LSP, I F IT WAS IN THE OPERATE 

MODE, AND APPLIES +29 VDC TO THE STANDBY LINE. THE LSP HAS NO STANDBY 

MODE. IN THE OFF MODE, CMD 056 DOES NOT CONTROL PWR AND THE EXPER IMENT 

REMAINS OFF. THE EXPERIMENT RELAYS ARE PRESET TO BE IN THE STBY MODE AT 

IN ITiAL LUNAR ACTIVATION. REPEATED APPLICATION OF CMD 056 HAS NO FURTHER 

EFFECT. 


• 057 EXPER 5 OFF (LSP) 

THIS CMD ACTUATES LATCHING RELAYS, IN BOTH PDU'S, TO THE POSITION THAT 

REMOVES ALL +29 VDC PWR FROM THE LSP, WHETHER IT WAS PREV 10USLY IN THE 

OPERATE MODE OR THE STANDBY MODE. REPEATED APPLICATION OF CMD 057 HAS 

NO FURTHER EFFECT. MAY 72 3270.2.52 
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EXPERIMENT POWER TELEMETRY 

THE FOLLOW ING STATUS'PARAMETERS ARE GENERATED IN THE EXPER IMENT 
POWER C I RCU ITS: 

AB-04 EXPER 112 STATUS (IND ICATES THE OPER, STANDBY, OR 
OFF STATUS OF EXPER IMENT #1, LMS, 
AND EXPER IMENT #2, LEAM. IF THE 
STANDBY FUSE IS BLOWN, WILL 
IND ICATE OFF WHEN COMMANDED TO 
STANDBY) 

AB-05 EXPER 3/4 STATUS (IND ICATES THE OPER, STANDBY, OR 
OFF STATUS OF EXPER IMENT #3, HFE, 
AND EXPER IMENT #4, LSG. IF THE 
STANDBY FUSE IS BLOWN, WILL 
IND ICATE OFF WHEN COMMANDED 
TO STANDBY) 

AB-ll EXPER 5 STATUS (INDICATES OPER, STANDBY, OR OFF 
FOR EXPER IMENT #5, LSP. THE STANDBY 
POWER C I RCU IT I S NOT CONNECTED TO 
THE LSP; FUNCTIONALLY, THE LSP IS 
OFF FOR BOTH OF THESE RELA Y SETTINGS. 
FOR THE LSP TO RECEIVE OPERATIONAL 
POWER, THE RELAYS MUST BE IN THE 
OPERATE SmlNG AS INDICATED BY 
AB-H, AND ASTRO SWITCH 2 MUST BE 
IN THE CW, CLOSED, POS ITION) 
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DDP 
(X OR YI 

CLEARS AND 
STARTS AT 
APPLICATION 
OF POWER 
TO ALSEP 
(SHORTING 
SWITCH 
ACTUATION) 

04~ PER CMD ENABLE 

_ PER CMD INHIBIT 
05. 

RCVRIDEC SW INH 

RCVRIDEC SW 

UPLINK AND PERIODIC CMD FUNCTIONS 

(NOT REDUNDANT) 


9O-FRAME PULSE 1118 MICRO SEC) EVERY 54.3396 SEC AT NORMAL BIT RATE 

ADVANCE 

START 

JKLM 

WORD 3 PULSE FROM DDP 
...-------(EVERY 003. 77 MS, BUT 

18. 87 MS AFTER 90)
STOP 

18.87 MS 
PULSE 
GENERATOR 

P 

FIRST SET OF PULSES IS ISSUED 
A 7 HR, 38 MIN, 43 SEC 

INTERVAL BETWEEN FIRST AND SECOND III 
)S 3 MIN, 37 SEC 

INTERVAL BETWEEN CORRESPOND ING LEAM 
CMOS IS 15 HR, 27 MIN, 24 SEC 

INTERVAL BETWEEN UPLINK SWITCH PULSES 
IS 61 HR, 49 MIN, 35 SEC 

ABCDEFGHJKP 
'}GATED ON 

OCTAL III 
ABCDEFGHJKP • LINE TO LEAM 

ABCDEFGHJKLMP 

ABCDEFGHJKLMP 
ENABLE 

SEL BACKUP PWR ROUTING . ) 

SWITCH IUPLINK ~A 

PDU 

UPLINK 

INHIBIT UPLINK UPLINK B 
RELAYS 

FIF 

UPLINK SWITCHOVER (AUTO OR 122) (INITIALIZE TO SWITCH 
CAUSES RESET TO PER 100 IC CMD ENABLE FROM A TO B) 
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START: T =0 AT SHORTI NG 

SWITCH ACTUAlI? 

/~ 
~ ~~.- SW ITCH ENABLE 

\.'''---3 MIN, 37 SEC 

UPLINK AND PERIODIC CMD TIMING 

7 HR, 38 MIN, 43 SEC 
TO FIRST PULSE 

UPLINK SW ITCH PULSE 
AND CMD III 

CMD III AND UPLINK 

/15 HR, 27 MIN, 24 SEC 

ONE REVOLUTI ON 
EVERY 61 HR, 49 MIN, 35 SEC 
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PERIODIC CMD ENABLE AND INHIBIT 
OCTAL CMD NUMBER 

• 104 PER CMD ENABLE 

TH IS CMD ACTUATES CIRCU ITRY IN THECMD DECODER TO ENABLE OUTPUT OF 
PER 10D IC CMDS EVERY 15.46 HR EXCEPT FOR THE FIRST OUTPUT WH ICH I S AT 
7.65 HR. TWO OUTPUTS OCCUR WITH A 3. 55-MINUTE INTERVAL, THE FIRST BEING 

BOTH CMD 065 (NOT USED) AND CMD 111, THE SECOND BEING COMMAND 111. 

THE APPLICATION bF PWR TO ALSEP CAUSES INITIALIZATION IN THE ENABLE 

CONFIGURATION. REPEATED APPLICATION OF CMD 104 HAS NO FURTHER EFFECT. 


• 105 PER CMD INH IBIT 

THIS CMD ACTUATES CIRCUITRY IN THE CMD DECODER TO INHIBIT OUTPUT OF 
PER 10D IC CMDS. REPEATED APPLICATION OF CMD 105 HAS NO FURTHER EFFECT. 
A SEQUENCE OF COMMANDS 104 AND 105, ALTERNATING ENABLEIINHIBIT, DOES 
NOT PRODUCE SPUR 10US PER CMD PULSES. 

TELEMETRY 

THE FOLLOW ING STATUS PARAMETER IS GENERATED IN THE PER 10D IC COMMAND 
CIRCU IT: 

AB-15 PER CMD ENIINH (INDICATES WHETHER OUTPUT PULSES FROM THE 
12-STAGE COUNTER WILL BE APPLIED TO THE 
COMMAND LINE GATES) 

MAY 72 3270.2.56 
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• 

RESET 

NOT 
REDUNDANT 

START ADVANCE 

, ..... ­ _ .. _..._-. 

RIPPLE-OFF SEQUENCER FUNCTION 

INITIALIZE 

. :h RIPPLE-OFF RESET ~ 	 ENABLE I J
D32 	 • • Dill <:r 

CLEAR & 


RESERVE PWR SENSOR 

COMPARATOR 

PCU 1 { REF (+5 VDC) 0.7 + 0.3 WATTS 

LOCK-OUT 
RESERVE PWR SENSOR (lNH I B IT) 


PCU 2 ( REF (+5 VDC) 

COMPARATOR 
0.7 +0.3 WATTS 

REDUNDANT 

I 	 GATED ON 
CMD LINESCOUNTER RUNN ING 

TO PDU
7 	 136 144 152 160 168 176 184 192 

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 

DELAY 021 023 037 043 046 053 056"" ~" 	 l.121,: 1 MS PDR 1 PDR 2 ,LMS LEAM / HFE LSG LSP 

START NOTE: LMS POWER DELTA IS TOO SMALL TO AFFECT SEQUENCE; START LOCK-OUT 
COUNTER HENCE, IF LMS RIPPLES, LEAMWILL ALSO (8MS LATER) AT 192 

(NO RESET) 

• 	 IF OVERLOAD EXISTS FOR 121,,: 1 MS, THEN PDR OFF AND EXPER STBY CMDS ARE 

ISSUED SEQUENTIALLY FOR 8 COUNTS EACH UNTIL OVERLOAD NO LONGER EXISTS 


• 	 WHEN OVERLOAD IS CLEARED, THE COUNTER IS RESET TO 7 AUTOMATICALLY AND 

NO FURTHER RIPPLE-OFFCMDS ARE ISSUED 


• 	 NOTE THAT EXPERIMENTS CAN NOT SWITCH FROM OFF TO STBY; IFTHEY ARE OFF, 

THEY REMAIN OFF 


• 	 IF COUNTER RUNS TO 192, IT MAY BE A RIPPLE-OFF MALFUNCTION; THEREFORE, A 

LOCK-OUT FEATURE IS PROVIDED TO INHIBIT FURTHER COUNTER ACTION. EXPER/PDR 

SHOULD BE RESET BY CMD AND THEN ISSUE CMD 032 TO CHECK PERFORMANCE. 


• 	 PCU SWITCHOVER MAY CAUSE IN IT IALIZAT ION AND CLEAR LOCK-OUT IF ITEXISTS 

MAY 72 3270.2.57 
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RIPPLE·OFF RESET COMMAND 


OCTAL CMD NUMBER 

• 	 032 RIPPLE-OFF RESET 
TH IS CMD RESETS THE COUNTER IN THE RIPPLE-OFF SEQUENCER, THU S 
RESTOR ING THER IPPLE-OFF CAPAB ILITY AFTER THE COUNTER HAS RUN 
TO THE END AND LOC KED ITSELF OUT. THE LOC K-OUT FEATU RE IS PROV IDEO 
IN CASE A MALFUNCTION IN THE RIPPLE-OFFCIRCUITRYCAUSES ERRONEOUS 
RIPPLE-OFF. IFA RESET BY CMD 032 IS FOLLOWED BY A SECOND (ERRONEOUS) 
RIPPLE-OFF, CMD 032 SHOULD. BE FLAGGED AS CRITICAL WHEN NO MALFUNCTION 
EX ISTS I N THE RIPPLE-OFF C I RCU ITRY, REPEATED APPLICAT ION OF CMD 032 
HAS NO FURTHER EFFECT. IN NORMAL ALSEP START-UP, THE RIPPLE-OFF 
COUNTER IS RESET BY THE TURN-ON PWR TRANS lENT. 
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ASTRONAUT SWITCH FUNCTIONS 
ASTRO SW-l (FOR CONTINGENCY USE ONLY) 

• 	 NORMALLY IN CCW POS ITION, AT LAUNCH 
• 	 DOUBLE-POLE, DOUBLE-THROW SWITCH (REDUNDANT CONTACTS) 
• 	 IF ALSEP FAILS TO START UP NORMALLY, ASTRONAUT ROTATES 


SW-l BACK AND FORTH (FROM CCW TO CW AND BACK TO CCW) 

AS FAST AS HE WANTS TO. IT IS SPRING-LOADED CCW, BUT 

DELIBERATE ROTATION IS RECOMMENDED. 


• 	 CW ROTATION OPENS RTG LINE TO PCU AND SIMULTANEOUSLY 

APPLIES RTG POWER TO PCU 2 SEL RELAY COIL CAUS ING 

TRANSFER TO PCU 2 SEn ING 


• 	 CCW ROTATION REMOVES RTG POWER FROM RELAY COIL AND 

APPLIES RTG TO PCU 2 


ASTRO 	SW-2 (U SED OPERATIONALLY) 

• 	 NORMALLY IN CCW POSITION, AT LAUNCH, WHICH OPENS LINE 

AND PREVENTS +29 VDC FROM BEING APPLIED TO LSP DURING 

DEPLOYMENT 


• 	 AFTER DEPLOYMENT OF LSP EXPLOS IVE PACKAGES, ASTRONAUT 

ROTATES SW-2 CW TO ENABLE COMMAND APPLICATION OF +29VDC 

OPERATIONAL POWER TO THE LSP 


NOTE: 	 DIRECTION OF ROTATION FOR ENABLE/INH I B IT IS THE 

REVERSE OF SW-5 ON EARLIER ALSEP's WITH ASE 
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LSG OBJECTIVES AND MEASUREMENTS· 
OBJECT IVES: 

• 	 SEARCH FOR GRAVITATIONAL RAD IATION FROM COSMIC SOURCES, 

WH ICH MAY EXC ITE LOW-FREQUENCY FREE OSC ILLATIONS OF THE 

MOON, IN THE FREQUENCY RANGE UPWARD FROM ONE CYCLE EVERY 

15 MINUTES 


• 	 OBTAIN INFORMATION ON THE INTERNAL STRUCTURE OF THE MOON 

BY OBSERVATION OF LUNAR TIDES 


• 	 OBTAIN VERTICAL AXIS SEISMIC DATA UP TO FREQUENC IES OF 

16 HZ 


• 	 DETERMINE THE RATIO OF LUNAR GRAVITATIONAL FORCE TO EARTH 

GRAVITY WITH A PRECISION OF 1 PART IN loS 


MEASU REMENTS: 

• 	 USE THE LACOSTE-ROMBERG TYPE OF SPRING-MASS SUSPENS ION 

TO SENSE CHANGES IN THE VERT ICAL COMPONENT OF LOCAL GRAV ITY 


• 	 BAS IC INSTRUMENT SENS ITIVITY TO CHANGES IN THE LUNAR 

GRAVITATIONAL FORCE IS 1 PART IN 1010 


• 	 SHORT -PER 100 CHANGES (FREQUENC IES UP TO 16 HZ) ARE RECORDED 

AS SEISMIC DATA WH ILE LONG-PER 100 CHANGES MEASURE TIDAL 

EFFECTS 


• 	 THE LOWEST FREQUENC IES (LONGEST PER 10DS) ARE ASSOC IATED WITH 

FREE OSC ILLATIONS OF THE MOON 
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SEISMIC/TIDAL RESPONSE SPECTRUM 


I LSG TI DAL DC TO 0.048 Hz 
i 

•LSG FREE MODES 
O. 00083 TO O. 048 Hz 
i , 

LSG SEISMIC(HIGH GAIN) 
0.05 TO 16 Hz 

LSP 3 
TO 20 Hz 

I 

" .... psti-i'DALl
DATAL __ ,..__.-J 

• PSE LONG PER 100 
250 TO 0.3 SEC 

PSE SHORT PER 100 
5 TO 0.04 SEC 

ASE 
3 TO 250 Hz 

_ IDAY I IHR 

105 I 10
4 I 10

3 102 
I 

PER 100, SEC 
I I I I 

101 100 10-1 10-2 
I I I I I I I 

~ 

APOLLO 17 
EXPER IMENTS 

PREY 10US 
EXPER IMENTS 

10-3 
I 

10-5 10-4 10-3 10-2 10-1 100 101 . 102 103 


FREQUENCY, CYCLES/SEC (Hz) 
JUNE 72 3270.3.4 



LSG COMPONENTS AND ELECTRICAL INTERFACE 

ALSEP LSG 
CENTRAL DEPLOYED 
STATION EQUIPMENT 

r-··-srnUCTUREITHERMAC--:J 
1 1 
I I 

DATA 
SUBSYSTEM 

PDU 
nOR 2) 

COMMANDS (7 LINES) 

FRAME MARK 

90 FRAME MARK 

DATA DEMAND 

DATA GATE 

DATA SH 1FT CLOC K 
DIGITAL DATA 

ANALOG DATA no LINES) 

+29 VDC OPER PWR(5 LINES) 

+29 VDC OPER RTN (5 LINES) 

+29 VDC STBY PWR (2 LINES) 

+29 VDC STBY RTN (2 LINES) 

ELECTRON ICS SENSOR 

.. 

JUNE 72 3270.3.5 



LSG OPERATIONS SUMMARY 

DEPLOYMENT 	 POST DEPLOYMENT 


• 	 LOCATE 25 FT FROM 

CENTRAL STAT ION 


• 	 RAISE AND TILT SUNSHADE 

• 	 SET INSTRUMENT ON 
FIRM SURFACE WITH 
APPROX IMATE OR IENTAT ION 

• 	 LEVEL + 3° WRT BU BBLE AND 
ALIGN ± 3° WRT SHADOW 

• 	 PERFORM INITIAL UNCAGING 

• REPORT LEVEL AND ALI GNMENT 

APPROX TIME, 3 MIN 

• UNCAGE AND ACTIVATE BY CMD 

• PERFORM INITIAL SET-UP/CHECK-OUT 
CMD SEQUENCE 

• MAKE SU BSEQUENT ADJU STMENTS 
BY CMD AS REQU IRED 

JUNE 72 3270.3.6 



LSG COMMUNICATIONS SUMMARY 

COMMANDS 

• 	 POWER OPER/STBY/OFF 

• 	 7 SPEC IAL CMDS FOR: 

INSTRUMENT HOUS ING HEATER ON/OFF (2) 

LSG CMD DECODER ONlOFF (2) 

LSG CMD REGISTER UP/DOWN (2) 

LSG CMD REG ISTER EXECUTE (l) 


• 	 THE LSG CMD REGISTER PROVIDES 

FOR 30 ENCODED CMDS WH ICH 

PERFORM VAR 10US INTERNAL 

ADJUSTMENTS AND FUNCTIONAL 

CHANGES IN LSG OPERATION 


DATA 

• 	 36TEN-BITDIGITALWORDS 
IN EACH 64-WORD ALSEP 
DATA FRAME, WITH TWO 
DIFFERENT WORD ASS IGNMENTS 
SELECTABLE BY CMD: 
-NORMAL SC IENTIFIC DATA 
-SHAFT ENCODER DATA 

• 	 DIG ITAL DATA RATE, 60 BITS PER 
SEC (AVERAGE AT NORMAL BIT RATE) 

• 	 ONE COMPLETE UPDATE OF 
SC IENTIFIC DATA IN EACH 
ALSEP FRAME (0. 6-SEC REP RATE 
AT ALSEP NORMAL BIT RATE) 

• 	 SHAFT ENCODER DATA ARE READ 
OUT AS OFTEN AS 12 TIMES IN 
EACH ALSEP FRAME AND REPEATED 
FOR 90 FRAMES (NO CHANGE IN 
READ INGS) 

• 	 10 ANALOG ENG INEER ING 
PARAMETERS EACH SAMPLED 
ONCE EVERY 90 ALSEP DATA 
FRAMES (54 SEC AT NORMAL 
BIT RATE) JUNE 72 3270.3.7 
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LSG DESIGN PARAMETERS 
MECHANICAL 

SENSITIVITY: 	 DEVIATIONS IN LUNAR SURFACE ACCELERATION 

OF ONE PART IN 1010 OR BETTER 


ACCURACY: LUNAR TIDES, 0.1% OR BmER 

RESOLUTION FOR INDIVIDUAL MEASUREMENTS, 


2 MICROGALS 

RATIO OFLUNAR GTO EARTH G, 1 PART IN loS 


THERMAL 

SHORTTERM STAB ILITY: 	 ± O.OOloC (FOR PER 10DS UP TO 30 

MIN.) AT AN INVERSION TEMPERA­

TURE NEAR 50°C 


LONG TERM DR 1FT: 	 O.loC PER MONTH 

ABSOLUTE TEMPERATURE: 	 O.OOloC 

ELECTR ICAL 

PREAMP GA IN: 40 

POSTAMP GA IN: 1TO 90 IN STEPS OF 6 

SEISMIC AMPLIFIER GAIN WITH SOFT LIMITING: 500 

FREE MODES AMP GAIN: 500 

INTEGRATOR TIME CONSTANT: 50 SEC 

BlAS VOLTAGE: 13V ± IV 

ANALOG STATUS DATA: 0 TO 5V TO CENTRAL STATION 

SC IENCE DATA: 10 BINARY BITES PER WORD 


JUNE 72 3270.3.8 



LSG SENSOR DETAILS 


NOTE: 
SCALE 
MODIFIED 
FOR CLAR lTV 

SPR ING 

SENSOR BEAM 
(CAGING MECHANISM 
NOT SHOWN) 

- COND ITIONS: 

PAN ® AND BEAM MAKE UP 
EARTH MASS 

FINE 
SCREW 

FIXED 
CAPAC ITOR 
PLATES 
(DETECTOR) 

OPPOS ITE ROTATION OF SCREW 
LIFTS MASS <D OFF PAN, THEN 
MASS 0, FOR FINE TRIM OF 

TO CAGE, FINGERS CLAMP 
ON MASS (i)AND PAN, RAISING 
PAN (SLACK IN WIRE) 

FULL ROTATION OF SCREW' 
INTO CU P PLACES ALL 3 
MASSES ON PAN 

SHAFT 
(TO MOTOR) 

LUNAR MASS 

NOTE: 

CUP © HAS ~UIDE TO 
PREVENT ROTATION WHEN 
SCREW TURNS JUNE 72 3270.3.9 



Hi! 
I 1·1 ~~ 

iPit1 

CAG ING FEATURES: 
1. 	 HOUSING, HANGING ON UNIVERSAL JOINT, IS CAGED BY DOWNWARD RESTRAINT 


AND RELEASED BY ASTRONAUT (LANYARD), DIFFICULT TO RECAGE. 

2. 	 MASS CHANGING MECHANISM IS CAGED BY CALIPER-TYPE FINGERS CLAMPING 


ON MASS 1 AND PAN, RA ISING PAN. RELEASED AND RECAGED BY COMMAND. 

3. 	 SENSOR BEAM IS CAGED BY CLAMPING BEAM AGAINST STOP. RELEASED 

AND RECAGED BY COMMAND. JUNE 72 3270.3.10 

UNIVERSAL 
JOINT 

CASE 

HOUSING 

LSG STOWED CROSS SECTION 


SENSOR 

ENCLOSURE ASSEMBLY 
(lNCLUD ING HEATER BOX, 
MOTORS, SHAFT ENCODERS, 
AND ELECTRON ICS) 
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LSG PHYSICAL PARAMET,ERS 


S IlE, WEIGHT, AND POWER 

STOWED 110. 9 LENGTH 
S IlE, IN. 10.0 WIDTH 

15.1 HEIGHT 
PLUS 3 X 3 (D lAM) 
CABLE REEL 

EARTH WT, LB: 28 


POWER, W:9. 3 (APPROX, MAX) 


JUNE 72 3270.3.11 
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LSG ELECTRICAL FUNCTIONS 

PDut29VDC STANDByPWRiCASE-------------- - --~-- -- - - --.­ -1 

! I II c.".~", ~ I II 1: 
I 
I 
I 
I 
I 
I 

{ 

' +29 VDC HTR RTN I 

PDU +29 VDC HTR PWR 'I 
I T -_ .. _. 
I 
I 
I 
I 
I 
I 

( 

+29 VDC OPER PWR 

PDU ,OPER PWR RTN ILUNVtK'tKI 

CMD { 
DECODER 

CMOS 171 

{ 

DATA GAT~ 

DEMAND TIMING 
DDP FRAME MARK AND 

90 FRAME CONTROL 

CLOCK 

( I '''''''' "''' """""'"' IADP,( I 
I 

DDP{' : u'U"nLun.nvu",u, I I
I "-",-,,-,L.;J.;JII'oIU 

ENVIRON­
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LSG POWER CONVERTER 


RE GULATOR 
PDU 

...--

RECTIFIERS 

AND 
FILTERS 

LOW 
PASS 
FILTER 

+15 VDC 

-15 VDC 

-20 VDC 

+5 VDC 

RTN 

SLAVE 
SYNC 

SIGNAL 

} BEAM CAG ING 
MOTOR PWR 

. +29 VDC OPER PWR 

r-< .......... 
·tREF 

. 
+29 VDC RTN 

CLASS A 
PASS 
ELEMENT 

START 
.-- UP ~ 

CIRCU IT 

?llf DR IVER l 
1 II [ 

LSG 
ELECTRON I C S 
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LSG CMD LOGIC, TIMING AND CONTROL 


t -

LSG HTR ON 


LSG HTR OFF 


LSG CMD EX 


~LSG DECODER ON


"'?'LSG DECODER OFF 


LSG STEP UP 

LSG STEP DN 

DATA GATE 

DATA DEMAND 

FRAME MARK 

90-FRAME MARK 

SH 1FT PULSES (CLOCK) 

INSTRUMENT HOUS ING HTR PWR 

RELAY 
DR IVERS 

ON 

INSTRUMENT HOUS ING HTR PWR OFF 

COMMAND EXECUTE J. LSG 
) RELAYSLINE CMD DECODER ON 

LSGBUFFERS CMD DECODER OFF 
) RELAYS

UP COUNT 

5-BIT LSGDOWN COUNT 
COMMAND J:;:;:====~ FUNCTIONAL 

}REGISTER 30 CONTROLS 
......__---1 ENCODED 

LSG CMDS LSG 
TIMING ) RELA YS 

LINE ITiMING 


LSGBU FFER S t-=0~UT..:....:.P~U..:....:TS,-----__-, 

DATA
} 
PROCESSING 

JUNE 723270.3.14 
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LSG SENSOR ELECTRONICS 

NOTE: 

<9 IDENTIFIES ENCODED CMD 
WITH BINARY CODE IN PARENTHESES 

.. FIXED 
PREAMP 
(40 DB)9 (oOOll) BlAS IN SEL 

BIAS 
[) (00100) BlAS OUT SEL 

(11101) POST AMP 
-er GAIN STEP DIG ITALE 

GAIN 

GAIN RESET 
(11110) POST AMP 

CONTROL 
E !l5 STEPS) 

REF 
PHASE INPUT AMPLITUDE 
SENS ITIVE STABILIZED 
DEMODULATOR OSC ILLATOR 

E (00101) INTEGRATOR NORMAL SEL t 
E (00110) INTEGRATOR SHORT SEL lj INTEGRATOR: 

(00111) SEISMIC LOW GAIN SEL 
E I 
E' (01000) SE ISM IC HIGH GA I N SEL 

I I 

SEISMIC 

AMPLIFIER t-I_----' 

AND 

FILTER 


r-::-----,
I SENSOR I 

:~~__I~~~~~ON~E:TAL-, 

I 

~.I.,I '/L 

TIDE ~ LSG 
FREE MODE: ANALOG 
SEISMIC LINE 

i • BUFFERS 

ELECTROSTATIC 
FEEDBACK 
SIGNAL 

FREE 1 FREE 

MODES MODE } LSG 

FILTER DIGITAL 
TIDE DATA 

SEISMIC PROCESSING 

M 
~ 
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LSG BEAM CAGING CONTROL· 


+
(01001) SENSOR BEAM CAGE TRAILING TIMER 

CAGE ~ AND r-­(01010) SENSOR BEAM UNCAGE 
DETECTOR COMPARATOR 

+29 VDC OPER PWR AND RTN 


Io 
I 

I l 
MOTORCURRENT -
DIRECTIONDRIVE r-

r--.RELAYCIRCU IT 
! ! 

II t 

NOTE: i 

BEAM 

CAGING<p IDENTIFIES ENCODED CMD IN {

SENSOR 
MECHANISMWITH BINARY CODE IN PARENTHESES 
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LSG MASS CHANGING CONTROL 


\.. (000101 MASS CHANGE MTR ON SW ITCHED +15 VDC 
E/ POWER 

(011001 TILT, MASS CHANGE, ON/OFF 
" AND SC REW SERVO OFF RELA Y I SW ITCHED +5 VDC 
~ f 

TO 
TILT SERVO 
SCREW SERVO 
PRESSURE TRANSDUCER 

+15 VDC I I
LSG +5 VDC 


POWER RELAY PWR

{CONVERTER -15 VDC 

RESET-(01110) MASS CHANGE INCREMEN! 15-8 IT 
E COUNTER 

COUNTER ADVANCES 
FROM ZERO TO NINE 
AND REPEATS 

RTN 

RTN 

__ 

MASS STATE 
t----o--tl COMPARATOR 

I 

MASS IN 
CHANGING 
MECHANISM 

~___________ 
POT VOLTAGE REF: 

~ REG ~ . I 

J 

MASS 
CHANGE 
MOTOR 
DRIVE 

NOTE: 

<9IND ICATES ENCODED CMD 
WITH BINARY CODE IN PARENTHESES 
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LSG SCREW SERVO CONTROL 


1010111 COARSE SCREW SERVO ON 

(l001ll FINE SCREW SERVO ON 

TO 
TILT 
SERVO 

..---.., 

101I1lJ GROSS SLEW UPITILT UP 

(100001 GROSS SLEW DOWN/TI LT DOWN 

(100011 VERNIER SLEW UP 

1100101 VERN IER SLEW DOWN 

1011001 TILT, MASS CHANGE, AND 

SC REW SERVO OFF 


TO NOTE: 
11 LT SERVO LSG 
MASS CHANGE POWER 01ND ICATES ENCODED CMD 

COMMAND 
DECODING 

SCREW SERVO 
SW ITCHED PWR & RTN 

SW ITCHES 

IN 
SENSOR 

...----......, 

PRESSURE CONVERTER WITH BINARY CODE IN PARENTHESES 
TRANSDUCER 
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LSG SHAFT ENCODERS 
NOTE: 

<9INDICATES ENCODED CMD 
WITH BINARY CODE IN PARENTHESES 

~~~ER {+S VDC • 

CONVERTER 

E (00001) READ SHAFT ENCODERS POWER 
90-FRAME MARK ON/OFF 

LSG CONTROL 
TIMING DATA DEMAND 


( FRAME MARK
AND 
I 

I
:::J COUNTER

CONTROL 

U TRAN~ ISTOR 
.-...------, 

~IENCODER 
SElECTOR 

:OARSE ENCODER ENABLEI 

RETARD BRUSHES 1-10{ 
( 

ADVANCE BRUSHES I-ill 

RETARD BRUSHES 11-19 

I\DVANCE BRUSHES 11-19 

FINE ENCODER ENABLE 

RETARD BRUSHES 1-10 

ADVANCE BRUSHES 1-10 

RETARD BRUSHES 11-19 

ADVANCEBRUSHESll-~ 

I 

BRUSH 

rr= SElECTION 
' ­LOGIC 

r+ BITS 1-10 

..... BIT 
SElECTION 

-+i LOGIC 

- BRUSH 
SElECTION -
LOGIC 
BITS 11-19 

-
{ _1O:-B IT (PARA_LLEU DATA; APPEARS IN ALL LSG WORDS IN ALSEP DATA FRAME 

-

COARSE 
SCREW 
SHAFT 
ENCODER 

FINE 
SCREW 
SHAFT 
ENCODER 

LSG 
DIGITAL 
MULTI PLEXER 

ENERGIZED 
ON AT FIRST 
90-FRAME 
MARK AFTER CMD 
AND OFF AT 
NEXT 90-FRAME 
MARK 
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LSG TILT SERVO CONTROL 
NOTE: 

01ND ICATES ENCODED CMD 
WITH BINARY CODE IN PARENTHESES 

(0100) NORTH/ SOUTH TILT SERVO ON 

( 0010l) EAST/WEST TILT SERVO ON - T 
I' WIlOo) TILT, MASS CHANGE, AND l t TILT SERVO 
\. SCREW SERVO OFF POWER SW ITCHED PWR AND RTN 

/~ 
ON/OFF TILT UP TILTRELAY 

OR 1 RELA Y SELECTION 0 OF 4)DIRECTION 
MSS CHANGE DG-14 GATE TILT DOWN SELECTOR 
;CREW SERVO TILT 

I>RESSURETRANSDUCER SERVO T TILT CLOCK ~ 2 
STA 

LSG { PWR AND RTN ACTIVATE 
TILT CLOCK';' 16 

~INHIBIT JPOWER 
CONVERTER UP/DOWN CMD TIMEOUT GATED MOTOR 

\. WUll) GROSS SLEW UP/TILT INCREMENT UP STORE AND START COUNTER PULSES PULSE AND ---­=00000) GROSS SLEW DOWN/TILT INCREMENT DOWN TILT SERVO CLOCK TIMEOUT 
, 

L 
SYST RESET GATE GENERATOR 

TIMEOUT GENERATOR RESET PULSE tTO 
SCREW SERVO 

TILT 
SERVO 

MOTOR 

POWER 
SELECTION 

LSG { 
RELAYS 

TIMING DATA GATE PULSES (CLOCK INPUT) SWITCHES 

AND I I 
CONTROL 

~~ 
NORTH/SOUTH EAST/WEST 
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LSG TEMPERATURE AND PRESSURE MONITOR 


,--------, 
LSG . ~B~RI~DG~E-,I--~---------------LI~(~*AITRl I 
DIGITAL {MULTIPLEXER .. __----,--11 AMPLIFIER I CIRCU IT ­

ANALOG ~ 

LINE {. 

BUFFERS • 

(TO ALSEP ~ 
ADC) F. ~ A_" 

• 

(011011 PRESSURE TRANSDUCER ON 

(011001 TILT, MASS CHANGE, AND SCREW SERVO OFF 

TO 

TILT SERVO 

MASS CHANGE 

SCREW SERVO 


-~L·t..'!.o:__J I 
I 
I I 
I INSTRUMENT :I 

HOUSING III I 
II 

PRESSURE I~ ITRANSDUCER I I 

I 
I 

I IL _________ .-J 

NOTE: 
<9IND ICATES ENCODED CMD 

WITH BINARY CODE IN PARENTHESES 
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LSG DIGITAL DATA PROCESSING 


ISAMPLEAND HOLD -I14I BUFFER I- :! AMPLIFIER 

I 
I 

I ~N I 

TIDE 

FREE MODE 

\. ._.... ERATURE 
MONITOR , 

ANALOG ......
SEQUENCE MU LTI PLEXER ...... ANALOG 

COUNTER SIGNAL 

CONTROL 
CONTROL ...... 

MULTIPLEXER 
r+" f- LOGIC ...... L ______ -.J 

( SEISMIC 

M WAR/STORrCOMPARATOR I 
POS ITIVE 
AND 

DATA D/ACONVERTER c:: NEGATIVE 

GATE REGISTER ~-B~ REFERENCE 

EDGE CLEAR 110-B IT VOLTAGE 

CIRCUIT I -I AID REG ISTER I 

:)ATA GATE 

IDATA DEMAND 

I ~-A~ IS BITS) [sG
LOAD OPERAT 

FRAME MARK AID ENABLE STATUS 

LSG STATUS NO.1 ENABLE DIG !TAL 58 ITS yMDDIG ITAL LSG STATUS NO.2 ENABLE MULTIPLEXER REG ISTE 
MULTIPLEXER STATUS

DATA SHIFT (CLOCK) CONTROL SHAFT ENCODER STATUS ENABLE 

SHIFT CLOCK 10 BITS1SHAFT 
:ONTROL ENCODEI 

+ 
("'TATIIe" 

10-B IT 
SHIFT 
REGISTER 

NG 

LSG (TIMING 
AND R 

CONTROL 

SHAFT ( 
ENCODER 
CIRCUIT 

ALSEP ( - I 
DDP '" 

JUNE 72 3270.3.22 

http:3270.3.22


I 
I 
I 
I 

LSG 	 TEMPERATURE CONTROL 
+29 VDC STANDBY PWR 

HEATER 

I INSTRUMENT HOUS ING 

BR lOGE 
CIRCUIT I OUTPUT 

I 

RTN I 

I POWER 

II 	

LJ U ~ HEATER 
~------------------~ 

I 
@ r---, I 

I II HEATER I 
I BOX : 

STAGE I I 
, 	 FINE L___ ...J 

NOTE: l HEATER 

',<9 INDICATESINCODEO CMD 
WITH BINARY CODE IN PARENTHESES 

UOllo) TEMPERATURE INCREMENT LOAD 1 

(10111) TEMPERATURE INCREMENT LOAD 2 

mooO) TEMPERATURE INCREMENT LOAD 3 

moo!) TEMPERATURE INCREMENT LOAD 4 

m01O) TEMPERATURE INCREMENT LOAD 5 

mOll) TEMPERATURE INCREMENT LOAD 6 

Ull00) TEMPERATURE RESET 

+20 VDC 	 HEATER 
BOX 

PDU +29 VDC HTR RTN HEATER 

( +29 VDC HTR PWR POWER +10 VDC }_ 	TEMPERATURET ' SUPPLY 
CONTROL 	 ' 

LSG HTR ON HEATER 
LATCH ING I +29 VDC 

LSG HTR OFF RELAY 

LSG 
POWER { 15, KHZ-SQUARE WAVE 

CONVERTER 

THERMOSTAT 
OPENS 105°F 
CLOSES 95°F 
(l00 RANGE 
BUT +5° 
TOLERANCE) 

SURVIVAL 
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lSG POWER SUMMARY' 

POWER, WATTS 

ITEM COMMENTSINCREMENT TOTAL 

BAS IC SYSTEM 

COMMAND DECODER 

TILT SERVO ELECTRON IC S 

TILT MOTOR 

SCREW SERVO ELECTRONICS 

SCREW MOTOR 

MAS SCHANGE MOTOR 

MAXIMUM 

MINIMUM 

SHAFT ENCODER ELECTRON IC S 

UNCAGE/RECAGE MOTOR 

INSTRUMENT HOUS ING HEATER 

MAXIMUM 

2.09 2.09 

0.41 2.50 

0.09 2.59 

l. 00 3. 59 

O. 15 2.65 

l. 00 3.65 

4.00 6.50 

l. 70 4.20 

0.21 2.30 


. 2.00 4.50 


6. 70 8. 79 


-- -- --- L..-­

INCLUDES 0.5 WHEATER BOX HTR 

WITH MOTOR RUNN ING . 

WITH MOTOR RUNN ING 

CMD DECODER NOT ON 
I 
IWITH MOTOR RUNN ING 
I 

CMD DECODER NOT ON 

SURV IVAL HEATER (STANDBY PWR) IS 4.20 WATTS WITH ON/OFF THERMOSTAT CONTROL 
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LSG EMPLACEMENT CRITERIA 

PARAMETER REQU IREMENT PR lOR ITY IND ICATOR COMMENTS 

DISTANCE FROM 
CENTRAL STATION 

25 ± 5 FT PAC ING AND 
CABLE LENGTH 

CABLE LENGTH 
30 ± 1 FT 

DIRECTION FROM 
CENTRAL STATION 

WEST VISUAL 

SITE SELECT ION LEVEL, WITH A 
FIRM SURFACE 

VISUAL SLOPE LESS THAN 5°, 
AVOID CRATERS & RUBBLE 

ROUGH 
ALIGNMENT 

SUNSHADE MUST 
TILT TOWARD 
EQUATOR 

SUNSHADE 
TILT SETTING 

LATITUDE 
ANGLE 

CIRCULAR 
DIAL 

DIAL MARKED IN 
DEGREES OF LAT ITUDE 

LEVEL, WRT 
IND ICATOR 

WITHIN ± 3° BU BBLE LEVEL OFF-LEVEL COND ITION 
DEGRADES ALIGNMENT 
ACCURACY 

ALIGN, WRT 
SHADOW 

WITHIN ± 3° MARKING ON 
SUNSHADE PANEL 

SHADOW OF UPPER EAST 
PANEL ON INSIDE OF 
LOWER WEST PANEL 

I 

NOTES • STABLE ON 15° SLOPE WITH SUNSHADE DEPLOYED AND FULLY TILTED 
• RECHECK LEVEL AND ALIGNMENT AFTER LANYARD RELEASE OF 

INSTRUMENT HOUSING CAGING RESTRAINT 
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<D~: 

o :J (~) J " '....... ( " ..) "...., U 0 

0,J':J~.)u( ):.,.-.~ I) ')1 ~0LSG ALIGNMENT MARKINGS 

CD SUNSHADE TILT DIAL 

-MARKED IN DEGREES OF LATITUDE 


(2) 	BUBBLE LEVEL 
0

-WITHIN ±3 WHEN BUBBLE IS FREE OF CASE . 

Q) SHADOW ALIGNMENT 

-LIMITS OF ±3° ARE MARKED ON INS IDE OF lOWER 
SUNSHADE PANELS 
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LSG COMMAND SUMMARY 

OCTAL COMMANDS 

063 LSG HTR ON 
064 LSG HTR OFF 
067 LSG CMD EX 
070 LSG DECODER ON 
071 LSG DECODER OFF 
072 LSG STEP UP 
074 LSG STEP ON 

ENCODED COMMANDS (B INARY) 

00001 READ SHAFT ENCODERS 10000 


01101 PRESSURE TRANSDUCER ON moo 

omo MASS CHANGE INCREMENT mOl 

DIm GROSS SLEW UP/TILT INCREMENT UP 1111O 


00010 MASS CHANGE MOTOR ON 10001 

00011 BlAS I N SELECT 10010 

00100 BlAS OUT SELECT 10011 

00101 INTEGRATOR NORMAL MODE SELECT 10100 

00110 INTEGRATOR SHORT MODE SELECT 10101 

oom SEISMIC LOW GAIN SELECT 10110 

01000 SEISMIC HIGH GAIN SELECT 10m 

01001 SENSOR BEAM CAGE 11000 

01010 SENSOR BEAM UNCAGE 11001 

01011 COARSE SCREW SERVO ON 11010 

01100 TILT, MASS CHANGE, AND SCREW SERVO OFF 11011 


GROSS SCREW DOWN/TILT INCREMENT DOWN 

VERNIER SLEW UP 

VERN IER SLEW DOWN 

FINE SCREW SERVO ON 

NORTH/SOUTH TILT SERVO ON 

EAST/WEST TILT SERVO ON 

TEMPERATURE INCREMENT LOAD 1 


TEMPERATURE RESET 

POST AMP GAIN STEP 

POST AMP GA IN RESET 


TEMPERATURE INCREMENT LOAD 2 

TEMPERATURE INCREMENT LOAD 3 

TEMPERATURE INCREMENT LOAD 4 

TEMPERATURE INCREMENT LOAD 5 

TEMPERATURE INCREMENT LOAD 6 
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LSG COMMANDS 


\'> 


OCTAL CMD NUMBER 

• 063 LSG HTR ON 

THIS CMD ACTUATES A LATCHING RELAY IN THE LSG TO THE POSITION 
THAT APPLIES +29 VDC SLAVE HEATER POWER TO THE LSG INSTRUMENT HOUS ING. 
TH IS HEATER IS SLAVED TO THE TEMPERATURE OF THE HEATER BOX BY TWO SEN­
SORS, ONE ON THE INSTRUMENT HOUSING, USING A DIFFERENTIAL OUTPUT BY 
MEANS OF A BR lOGE CIRCU IT. REPEATED APPLICATION OF CMD 063 HAS NO 
FURTHER EFFECT. THE SLAVE HEATER IS PRESET TO BE IN THE <TBD) COND ITION 
AT INITIAL LUNAR ACTIVATION. 

• 064 LSG HTR OFF 

THIS CMD ACTIVATES A LATCHING RELAY IN THE LSG TO THE POSITION 
THAT REMOVES +29 VDC SLAVE HEATER POWER FROM THE LSG INSTRUMENT HOUSING. 
REPEATED APPLICATION OF CMD 064 HAS NO FURTHER EFFECT. THE SLAVE HEATER 
IS PRESET TO BE IN THE (TBD) CONDITION AT INITIAL LUNAR ACTIVATION. 

• 067 LSG CMD EX 

TH IS CMD CAUSES EXECUTION OF ONE OF THE 30 ENCODED LSG CMOS AS 
CONTAINED IN ITS 5-STAGE CMD REGISTER WHICH IS SHIFTED UPIDOWN BY OCTAL 
CMOS 072/074. EXECUTION DOES NOT CLEAR THE REGISTER. REPEATED APPLICATION 
OF CMD 067 WILL CAUSE REPEATED EXECUTION OF THE SELECTED ENCODED CMD. 

• 070 LSG DECODER ON 

THIS CMD ACTUATES A LATCHING RELAY IN THE LSG TO THE POSITION 
THAT APPLIES +5 VDC POWER TO THE CMD COUNTER AND THE ASSOC IATED CMD . 
DECOD ING CIRCU ITRY WITH IN THE LSG, ALLOW ING THE 5-STAGE CMD REG ISTER 
COUNTER TO BE STEPPED UPIDOWN AND ENABLING THE LSG ENCODED CMD EXECU­
TION FUNCTION. APPLICATION OF CMD 070 ALWAYS RESETS THE REGISTER COUNTER 
TO 00000. REPEATED APPLICATION OF CMD 070 HAS NO FURTHER EFFECT. THE COM­
MAND DECODER IS PRESET TO BE IN THE OFF CONDITION AT INITIAL LUNAR ACTIVATION. 

• 071 LSG DECODER OFF 

THIS CMD ACTUATES A LATCH ING RELAY IN THE LSG TO THE POSITION THAT 
REMOVES +5 VDC POWER FROM THE CMD DECODER WITHIN THE LSG. REPEATED AP­
PLICATIONS OF CMD 071 HAS NO FURTHER EFFECT. THE CMD DECODER IS PRESET TO 
BE IN THE OFF COND ITION AT INITIAL LUNAR ACTIVATION. 

• 072 LSG STEP UP 

THIS CMD ADVANCES THE 5-STAGE CMD REGISTER COUNTER OFTHE LSG 
TO THE NEXT HIGHER BINARY VALUE, THUS REPRESENTING A NEW ENCODED CMD 
FUNCTION, IF EXECUTED, OF THE 32 POSS IBLE STATES, 30 ARE USED IEXCLUD ING 
00000 AND III111, AND THE REGISTER STATE IS READ OUT IN THE TM. REPEATED AP­
PLICATION OF CMD 072 ADVANCES THE COUNTER SEnING UNTIL IT REACHES lilli, 
AFTER WH ICH CMD 072 SETS THE COUNTER TO OOODO, ETC. 

• 074 LSG STEP ON 

THIS CMD REDUCES THE VALUE IN THE 5-STAGE CMD REGISTER COUNTER OF 
THE LSG TO THE NEXT LOWER BINARY VALUE, THUS REPRESENTING A NEW ENCODED 
CMD FUNCTION, IF EXECUTED. OF THE 32 POSSIBLE STATES, 30 ARE USED (EXCLUDING 
00000 AND llllll, AND THE REGISTER STATE IS READ OUT IN THE TM. REPEATED AP­
PLICATION OF CMD 074 REDUCES THE COUNTER SEnING UNTIL IT REACHES 00000, AFTER 
WH ICH CMD 074 SETS THE COUNTER TO lllll, ETC. 
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LSG ENCODED COMMANDS 

BINARY COUNT 

00000 AND lllll HAVE NO FUNCTIONAL EFFECT 

00001 READ SHAFT ENCODERS 

THIS CMD INH I B ITS ALL OTHER SIGNALS TO THE LSG DIG ITAL MULT 1­
PLEXER AND ACTIVATES CONTINUOUS READOUT OF THE SHAFT ENCODERS 
ON THE COA RSE AND FINE SCREW SERVO SHAFTS. THESE TWO ENCODERS 
ARE READ OUT IN THE ALSEP DATA WORDS ASS IGNED TO LSG AS 19-B IT 
READ INGS, ALTERNATING IN THE FOLLOW ING MANNER, START ING AT THE 
ALSEP FRAME MAR K: 

1ST WORD COARSE ENCODER LAST 10 BITS (LSBI 
2ND WORD COARSE ENCODER FIRST 9 BITS (MSBI 
3RD WORD FINE ENCODER LAST 10 BITS (LSBI 
4TH WORD FINE ENCODER FIRST 9 BITS (MSBI 
5TH WORD COARSE ENCODER LAST 10 BITS (LSBI 

ETC. 

IN THE MSB WORDS A FILLER BIT (BINARY ONEI IS INSERTED AS THE 
FIRST BIT OF THE IO-BIT ALSEP WORD. THERE ARE TWO BRUSHES (AD­
VANCE/RETARDI ON EACH ENCODER. THESE BRUSHES ALSO ALTERNATE 
IN THE DATA READOUT. THE SHAFT ENCODER DATA READOUT STARTS AT 
THE FIRST ALSEP 90-FRAME MARK FOLLOWING RECEIPT OF CMD 00001 
(B INARYI AND CONTINUES UN ill THE NEXT ALSEP 90-FRAME MARK 
AFTER WHICH NORMAL LSG SCIENTIFIC DATA READOUT IS REACTIVATED. 
REPEATED APPLICATIONS OF CMD 00001 (B INARYI WILL CAUSE SHAFT 
ENCODER DATA READOUT FOR ADD ITIONAL BLOCKS OF 90 FRAMES PRO­
VIDED THATTHE SEQUENTIALCMD APPLICATIONS OCCUR BEFORE AND 
AFTER AN ALSEP 90-FRAME MARK. APPLICATION OF OPERATIONAL POWER 
TO THE LSG CAUSES IN ITIALIZATION IN THE NORMAL DATA MODE. 

00010 MASS CHANGE MOTOR ON 

TH IS CMD ACTIVATES THE LSG MASS CHANGING SERVO CONTROL AND, AT 
TURN-ON, RESETS THE 5-B IT MASS CHANGE INCREMENT COUNTER TO ZERO 
SO THAT SUBSEQUENT INCREMENT CMOS CAN STEP THE COUNTER UP TO 
THE DESIRED FUNCTIONAL STATE. ADDITIONAL MASS CHANGE FEATURES 
ARE: 

MASS CHANGING IS INHIBITED WHEN THE INSTRUMENT HOUSING 
HEATER IS ON BUT THE STATUS TM RESPONDS TO EXECUTION OF 
CMD 00010 (B INARYI, IND ICATING SERVO CONTROL ON WHEN IT 
IS NOT ON. 

00010 MASS CHANGE MOTOR ON (CONT'DI 

- THERE ARE 10 FUNCTIONAL STATES CONTROLLED BY THE IN­
CREMENT CMD, 01110 (B INARYI. 

- THE COUNTER STATUS IS READ OUT IN THE TM AS AN ANALOG 
VOLTAGE VALUE AND THE ZERO COUNTER SmlNG IS DEFINED AS 
STATE I. 

- AT TURN-ON, THE MECHANISM ALWAYS DRIVES TO STATE 1WHICH 
IS AGAINST THE STOP. 

- STATU OF THE INCREMENT COUNTER IS PROV IDED TO CAGE THE 
MASS CHANGING MECHANISM DURING TRANSPORTATION AND 
STATE 10 IS USED ON EARTH FOR CALIBRATION. 

THE MASS CHANGE MOTOR USES SERVO FEFDBACK AND, WHEN 

ACTIVATED, ONLY OPERATES UNTIL THE STATE CALLED FOR BY 

THE COUNTER IS ACHIEVED. 


TURN-OFF OF THE CONTROL, BY CMD 01100 (B INARYI CAU SES 

THE MECHANISM STATE TO BE RETAINED UNTIL THE NEXT TURN-ON. 


- SINCE TURN-ON CLEARS THE REGISTER, REPEATED APPLICATION 
OF CMD 00010 (B INARYI CAUSES NO FURTHER CHANGE PROV IDED 
THAT NO INCREMENT CMOS ARE EXECUTED BETWEEN TURN-ON 
CMDS. 

00011 BlAS IN SEL 

THIS CMD ACTUATES A LATCHING RELAYTO THE POSITION THAT APPLIES 
+13 VDC FIXED BlAS TO THE SENSOR BR lOGE OR IVE CIRCU IT OF THE 
LSG SENSOR ELECTRON ICS, REPEATED APPLICATION OF CMD 00011 
(BINARYI HAS NO FURTHER EFFECT. THE BIAS RELAY IS PRESETTO BE 
IN THE !TBDI COND ITION AT INITIAL LUNAR ACTIVATION. 

00100 BlAS OUT SEL 

THIS CMD ACTUATES A LATCHING RELAY TO THE POSITION THAT RE­
MOVES THE +13 VDC FIXED BlAS FROM THE SENSOR BR lOGE DR IVE 
CIRCUIT OF THE LSG SENSOR ELECTRONICS. REPEATED APPLICATION 
OF CMD 00100 (B INARYI HAS NO FURTHER EFFECT. THE BIAS RELAY IS 
PRESET TO BE IN THE !TBDI CONDITION AT INITIAL LUNAR ACTIVATION. 
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LSG ENCODED COMMANDS (CONT'D) 

BINARY COUNT 

00101 INTEGRATOR NORMAL MODE SEL 

THIS CMD CAUSES CLOSED-LOOP OPERATION OF THE LSG SENSOR ELEC­
TROSTATIC SYSTEM IN WHICH THE OUTPUT OF THE INTEGRATOR IS FED 
BACK TO CONTROL THE PLATE DRIVE TO THE SENSOR. REPEATED APPLI­
CATION OF CMD 00101 (BINARY) HAS NO FURTHER EFFECT. THE INTEGRATOR 
IS PRESET TO BE IN THE (TBD) MODE AT INITIAL LUNAR ACTIVATION. 

00110 INTEGRATOR SHORT MODE SEL 

THIS CMD CAUSES THE LSG INTEGRATOR OUTPUT TO BE SHORT CIRCUITED 
WH ICH PUTS THE ELECTROSTATIC SYSTEM IN AN OPEN LOOP CONFiGURA­
TION. REPEATED APPLICATION OF CMD 00110 (BINARY) HAS NO FURTHER 
EFFECT. THE INTEGRATOR IS PRESET TO BE IN THE (TBD) MODE AT INITIAL 
LUNAR ACTIVATION. 

DOll! SEISMIC LOW GAIN SEL 

THIS CMD SELECTS THE LOW GAIN CONFIGURATION OFTHE SEISMIC OUT­
PUT CIRCU IT OF THE LSG SENSOR. REPEATED APPLICATION OF CMD 00111 
(BINARY) HAS NO FURTHER EFFECT. THE SEISMIC GAIN IS PRESETTO BE 
IN THE (TBD) CONDITION AT INITIAL LUNAR ACTIVATION. 

01000 SEISMIC HIGH GAIN SEL 

TH IS CMD SELECTS THE HIGH GAIN CONFIGURATION OF THE SEISMIC OUT­

PUT CIRCU IT OFTHE LSG SENSOR WH ICH INSERTS AN ADD ITIONAL AMPLI­

FIER AND FILTER INTO THE CIRCU IT. REPEATED APPLICATION OF CMD 01000 

(BINARY) HAS NO FURTHER EFFECT. THE SEISMIC GAIN IS PRESET TO BE 

IN THE (TBD) CONDITION AT INITIAL LUNAR ACTIVATION. 


01001 SENSOR BEAM CAGE 

TH IS CMD ACTIVATES A C IRCU IT TO PERFORM THE LSG SENSOR BEAM 
CAGING OPERATION. INITIATION OF THE CMD CAUSES CHARGING OF A 
CAPAC ITOR WH ICH TURNS ON AN FET WH ICH SUPPLIES DR IVE CURRENT 
TO THE CAGING MOTOR UNTIL THE RC TIME CONSTANTTURNS OFF THE FET. 
TH IS TIME CONSTANT IS APPROXIMATELn. 5 SEC. THE IN ITIATION OF 
CMD 01001 (BINARY) ALSO SELECTS THE STATE OF A DOUBLE-POLE RELAY 
WHICH CONTROLS THE DIRECTION OF MOTOR DRIVE, CAUSING THE RELAYTO 
MOVE TO THE POS IT ION WHERE THE MOTOR OPERATES IN THE DIRECT ION 
TO CAGE THE SENSOR BEAM. REPEATED APPLICATION OF CMD 01001 
(BINARY) RESULTS IN CLUTCH ACTION TO PREVENT FURTHER DRIVING 
OF THE GEARS IN THE CAGED DIRECTION. 

01010 SENSOR BEAM UNCAGE 

THIS CMD ACTIVATES ACIRCUITTO PERFORM THE LSG SENSOR BEAM 
UNCAGING OPERATION. INITIATION OF THE CMD CAUSES CHARGING OF 
A CAPAC ITOR WH ICH TURNS ON AN FEr WH ICH SUPPLIES DR IVE CURRENT 
TO THE CAGING MOTOR UNTIL THE RC TIME CONSTANT TURNS OFF THE FET. 
THIS TIME CONSTANT IS APPROXIMATELY7.5 SEC. THE INITIATION OF 
CMD 01010 (BINARY) ALSO SElECTS THE STATE OF A DOUBLE-POLE RELAY 
WHICH CONTROLS THE DIRECTION OF MOTOR DRIVE, CAUSING THE RELAY 
TO MOVE TO THE POS IT ION WHERE THE MOTOR OPERATES IN THE 0 I RECTION 
TO UNCAGE THE SENSOR BEAM. REPEATED APPLICATION OF CMD inDIO 
IBINARY) RESULTS IN CLUTCH ACTION TO PREVENT FURTHER DRIVING Of 
THE GEARS IN THE UNCAGED DIRECTION. 

01011 COARSE SCREW SERVO ON 

TH IS CMD ACTIVATES LSG SCREW SERVO CIRCU ITS TO ENABLE ACCEPTANCE 
OF UP AND DOWN SLEW CMOS, EITHER GROSS OR VERNIER. SCREW SERVO 
ACTIVATION IS INHIBITED IFTHE TILT SERVO CONTROL IS ON, AND VICE 
VERSA. INITIATION OFCMD 01011 (BINARY) ALSO SELECTS A RELAY 
POS ITION SUCH THAT THE DR IVE POWER, WHEN APPLIED, WILL BE FED TO 
THE MOTOR OF THE COARSE SCREW OF THE LSG SENSOR. REPEATED AP­
PLICATION Of CMD OIOIlIBINARY) HAS NO FURTHER EFFECT. TURN-OFF 
OF THE SCREW SERVO CIRCU ITS IS ACCOMPLISHED BY CMD 01100 (BINARY). 
THE SERVO POWER CONTROL IS PRESET TO BE IN THE OFF COND ITION AT 
INITIAL LUNAR ACTIVATION. 

01100 TILT, MASS CHANGE, AND SCREW SERVO OFf 

TH IS CMD DEACTIVATES LSG CIRCU ITS WH ICH ARE ACTIVATEO BY 
INDIVIDUAL BINARY CMOS AS FOLLOWS: 

TILl: 10100 OR 10101 
MASS CHANGE: 00010 
SCREW SERVO: 01011 OR 10011 
PRESSURE TRANSDUCER: 01101 

REPEATED APPLICATION OF CMD 01100 (B INARY) HAS NO FURTHER EFFECT. 
THE POWER CONTROLS ARE PRESET TO BE IN THE Off COND ITION AT 
INITIAL LUNAR ACTIVATION. 
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LSG ENCODED COMMANDS [CONT'D) 

BINAR YCOUNT 

01101 PRESSURE TRANSDUCER ON 

THIS CMD ACTIVATES A THERMALCONDUCTIVITYTYPE OF PRESSURE 
TRANSDUCER TO MEASURE THE LSG INSTRUMENT HOUS ING INTERNAL 
PRESSURE VIA THE ALSEP HOUSKEEPING, AG-OS. REPEATED APPLICA­
TION OF CMD 01101 (BINARYI HAS NO FURTHER EFFECT. TURN-OFF OF 
THE PRESSURE TRANSDUCER IS ACCOMPLISHED BY CMD 01100 (BINARYI. 
THE PRESSURE TRANSDUCER IS PRESET TO BE IN THE OFF COND IT ION 
AT INITIAL LUNAR ACTIVATION. 

01110 MASS CHANGE INCREMENT 

TH IS CMD STEPS THE S-BIT COUNTER OF THE LSG MASS CHANG ING 
SERVO CONTROL CIRCU ITRY, WHEN THE CIRCU IT HAS BEEN ACTIVATED 
BYCMDOOOIO(BINARYI. WHEN THE CIRCUIT IS ACTIVATED, THE 
COUNTER AUTOMATICALLY RESETS TO ZERO (STATE II AND EACH INCRE­
MENT CMD STEPS IT ONE STEP UP ITO THE NEXT HIGHER STATE!. STATES I 
THROUGH 10 ARE FUNCT lONAL STATES OF THE COUNTER AND CONTROL 
THE MASS CHANGING SERVO. STATE 2 IS PROVIDED TO CAGE THE MASS 
CHANGING SYSTEM DURING TRANSPORTATION AND STATE 10 IS USED 
ON EARTH FOR CALIBRATION. REPEATED APPLICATION OF CMD OIlIO 
(B INARYI CAUSES REPEATED STEPS AND THE TENTH INCREMENT CMD 
WILL SELECT STATE I AGAIN. 

01111 GROSS SLEW UPITILT INCREMENT UP 

TH IS CMD CAUSES OPERATION IN THE UP DIRECTION OF ONE OF THE 
TWO LSG SCREW SERVO MOTORS OR ONE OF THE TWO TILT MOTORS. IF 
THEY HAVE BEEN PREV lOUSLY ENABLED BY ONE OF THE IND IV IDUAL 
BINARY CMDS AS FOLLOWS: 

COARSE SCREW SERVO ON: 01011 
FINE SCREW SERVO ON: 10011 
NORTH/SOUTH TILT SERVO ON: 10100 
EAST/WEST TILT SERVO ON: 10101 

FOR THE SCREW SERVOS, EXECUTION OF CMD Ollll (BINARY) SETS A 
IS-BIT COUNTER TO A COUNT OF 32,768 AFTER WH ICH DATA GATE 
PULSES STEP THE COUNTER DOWN TO ZERO; A PER 10D OF 308 SECONDS 
CORRESPOND ING TO 16,384 STEPS OF THE STEPPING MOTOR, IN THE 
UP DIRECTION. A RELA YWH ICH CONTROLS THE DIRECTION OF MOTOR 
DRIVE IS ACTUATED TO THE PROPER SETIING BY EXECUTION OF THE 
CMD. 

DUll GROSS SLEW UP/TILT INCREMENT UP (CONT.) 

FOR THE TILT SERVOS, EXECUTION OF CMD Ollll (BINARY) ENABLES 
DATA GATE PULSES TO STEP A TIMEOUT COUNTER CLOCK WHICH WAS 
ALSO RESET BY THE CMD. THE TIMEOUT OF THE CLOCK CORRESPONDS 
TO 2 REVOLUTIONS OF THE TI LT MOTOR, IN THE UP DIRECTION. 

REPEATED APPLICATION OF CMD Ollll (B INARYI CAUSES REPEATED 
INCREMENTS OF GROSS SLEW UP OR TILT UP; HOWEVER, THE PROPER 
TIME INTERVAL BETWEEN CMDS MUST BE OBSERVED. 

10000 GROSS SLEW DOWN/TILT INCREMENT DOWN 

TH IS CMD CAU SES OPERATION IN THE DOWN DIRECTION OF ONE OF 
THE TWO LSG SCREW SERVO MOTORS OR ONE OF THE TWO TIlT MOTORS, 
IF THEY HAVE BEEN PREVIOUSLY ENABLED BY ONE OF THE IND IV IDUAL 
BINARY CMDS AS FOLLOWS: 

COARSE SCREW SERVO ON: OIOU 
FINE SCREW SERVO ON: 10011 
NORTH/SOUTH TI LT SERVO ON: 10100 
EAST/WEST TILT SERVO ON: 10101 

FOR THE SCREW SERVOS, EXECUTION OF CMD 10000 (BINARYI SETS A 
IS-BIT COUNTER TO A COUNT OF 32.768 AFTER WHICH DATA GATE PULSES 
STEP THE COUNTER DOWN TO ZERO; A PER 10D OF 308 SECONDS COR­
RESPONDING TO 16,384 STEPS OF THE STEPPING MOTOR, IN THE DOWN 
DIRECTION. A RELA YWH ICH CONTROLS THE DIRECTION OF MOTOR 
DR IVE IS ACTUATED BY EXECUTION OF THE CMD. 

FOR THE TILT SERVOS, EXECUTION OF CMD 10000 (BINARYI ENABLES 
DATA GATE PULSES TO STEP A TIMEOUT COUNTER CLOCK WH ICH WAS 
ALSO RESET BY THE CMD. THE TIMEOUT OF THE CLOCK CORRESPONDS 
T02 REVOLUTIONS OFTHETILT MOTOR, IN THE DOWN DIRECTION. 

REPEATED APPLICATION OF CMD 10000 (BINARYI CAUSES REPEATED 
INCREMENTS OF GROSS SLEW DOWN OR TILT DOWN; HOWEVER, THE 
PROPER TIME INTERVAL BETWEEN CMDS MUST BE OBSERVED. 
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LSG ENCODED COMMANDS [CONT'D) 


BINARY COUNT 

10001 VERN IER SlfW UP 

TH IS CMD CAUSES OPERATION IN THE UP DIRECTION OF ONE OF THE 
TWO LSG SCREW SERVO MOTORS, IF THEY HAVE BEEN PREVIOUSLY 
ENABlfD BY ONE OF THE IND IV IDUAL BINARY CMOS AS FOLLOWS: 

COARSE SC REW SERVO ON: 01O1l 
FINE SCREW SERVO ON: 1O0ll 

EXECUTION OF CMD 10001 (BINARY) SETS A 15-BIT COUNTER TO 256 
AFTER WHICH DATA GATE PULSES STEP THE COUNTER DOWN TO ZERO; 
A PER 100 OF 2.5 SECONDS CORRESPOND ING TO 128 STEPS OF THE 
STEPPER MOTOR, IN THE UP DIRECTION. A RELAY WH ICH CONTROLS THE 
DIRECTION OF MOTOR DRIVE IS ACTUATED BY EXECUTION OFTHE CMD. 

REPEATED APPLICATION OF CMD 10001 (BINARY) CAUSES REPEATED 
VERNIER SlfW UP OF WHICHEVER SCREW SERVO MOTOR HAS BEEN EN­
ABlfD. 

10010 VERN IER SlfW DOWN 

TH IS CMD CAUSES OPERATION IN THE DOWN DIRECTION OF ONE OF THE 
TWO LSG SCREW SERVO MOTORS, IF THEY HAVE BEEN PREV 10USLY EN­
ABlfD BY ONE OF THE IND IV IDUAL BINARY CMOS AS FOLLOWS: 

COARSE SCREW SERVO ON: 01O1l 
FINE SCREW SERVO ON: lOOll 

EXECUT ION OF CMD 10010 (B INARY) SETS A 15-B IT COUNTER TO 256 
AFTER WH ICH DATA GATE PULSES STEP THE COUNTER DOWN TO ZERO; A 
PER 100 OF 2. 5 SECONDS CORRESPOND ING TO 128 STEPS OF THE STEPPER 
MOTOR, IN THE DOWN DIRECTION. A RELAY WHICH CONTROLS THE 
DIRECTION OF MOTOR DR IVE IS ACTUATED BY EXECUTION OF THE CMD. 

REPEATED APPLICATION OF CMD 10010 (B INARY) CAUSES REPEATED 
VERN IER SlEW DOWN OF WH ICHEVER SCREW SERVO MOTOR HAS BEEN 
ENABlfD. 

10011 FINE SCREW SERVO ON 

THIS CMD ACTIVATES LSG SCREW SERVO CIRCUITS TO ENABlf AC­
CEPTANCE OF UP AND DOWN SlfW COMMANDS, EITHER GROSS OR 
VERNIER. SCREW SERVO ACTIVATION IS INHIBITED WHEN THE TILT 
SERVO CONTROL IS ON AND VICE VERSA. INITIATION OFCMD IDOll 
(BINARY) ALSO SElfCTS A RELAY POSITION SUCH THAT THE DRIVE POWER, 
WHEN APPLIED, WILL BE FED TO THE FINE SCREW OF THE LSG SENSOR. 
REPEATED APPLICATION OF CMD 1O0ll (BINARYI HAS NO FURTHER EFFECT. 
TURN-OFF OF THE SCREW SERVO CIRCU ITS IS ACCOMPLISHED BY CMD 01100 
(B INARYI. THE SERVO POWER CONTROL IS PRESET TO BE IN THE OFF CON­
DITION AT INITIAL LUNAR ACTIVATION. 

10100 NORTH/SOUTH TILT SERVO ON 

TH IS CMD ACTIVATES LSG TILT SERVO CIRCU ITS TO ENABlf ACCEPTANCE 
OF AN UP OR DOWN TILT INCREMENT COMMAND. TILT SERVO ACTIVATION 
IS INH IBITED WHEN THE SCREW SERVO CONTROL IS ON AND VICE VERSA. 
INITIATION OFCMD 10100 (BINARY) ALSO SElfCTS A RELAY POSITION 
SUCH THAT THE DR IVE POWER, WHEN APPLIED, WILL BE FED TO NORTH/ 
SOUTH TILT MOTOR. REPEATED APPLICATION OF CMD 10100 (B INARY) 
HAS NO FURTHER EFFECT. TURN-OFF OF THE TILT SERVO CIRCU ITS IS AC­
COMPLISHED BY CMD 01100 (BINARY). THE SERVO POWER CONTROL IS 
PRESET TO BE IN THE OFF COND ITION AT INITIAL LUNAR ACTIVATION. 

10101 EAST/WEST TILT SERVO ON 

TH IS CMD ACTIVATES LSG TILT SERVO CIRCU ITS TO ENABlf ACCEPTANCE 
OF AN UP OR DOWN TILT INCREMENT COMMAND. TILT SERVO ACTIVATION 
IS INHIBITED WHEN THE SCREW SERVO IS ON AND VIcE VERSA. INI­
TIATION OFCMD 10101 (BINARY) ALSO SElfCTS A RELAY POSITION SUCH 
THAT THE DR IVE POWER, WHEN APPLIED, WILL BE FED TO THE EAST/WEST 
TILT MOTOR. REPEATED APPLICATION OF CMD 10101(B INARY) HAS NO 
FURTHER EFFECT. TURN-OFF OF THE TILT SERVO CIRCU ITS IS ACCOM­
PLISHED BY CMD 01100 (BINARY). THE SERVO POWER CONTROL IS PRE­
SET TO BE IN THE OFF CONDITION AT INITIAL WNAR ACTIVATION. 

JUNE 72 3270.3.33 

http:3270.3.33


LSG ENCODED COMMANDS [CONT'D) 

BINARY COUNT 

lOllO TEMPERATURE INCREMENT LOAD I 

THIS CMD IS ONE OF SIX USED BYTHE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OFTHE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES. THROUGH A THERMISTOR BRIDGE 
CIRCU IT, CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE 
LSG SENSOR THROUGH 64 STEPS OF O.050C. THUS, THE TEMPERATURE 
CAN BE ADJUSTED WITHIN A RANGE OF ~ l.6°C AROUND THE NOMINAL 
OPERATING POINT TO FIND THE SENSOR INVERSION POINT ON THE LUNAR 
SURFACE AND MAINTA IN OPERAT ION AT TH I S POINT. REPEATED APPLI­
CATION OFCMD lOllO(BINARY) HAS NO FURTHER EFFECT UNTIL THE REGIS­
TER IS CLEARED BY THE RESET CMD lllOO (B INARY)' THE TEMPERATURE 
REG ISTER RELAYS ARE PRESETTO BE IN THE nBD) COND IT ION AT IN IT IAL 
LUNAR ACTIVATION. THESE RELA YS MA Y.RESET WHEN LSG OPERATIONAL 
POWER IS REMOVED AND REAPPLIED. 

1O1ll TEMPERATURE INCREMENT LOAD 2 

THIS CMD IS ONE OF SIX USED BY THE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OFTHE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES, THROUGH A THERMISTOR BR IDGE 
CIRCU IT, CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE 
LSG SENSOR THROUGH 64 STEPS OF O. 050C. THUS, THE TEMPERATURE CAN 
BE ADJUSTED WITHIN A RANGE OF ~ 1. 6°C AROUND THE NOMINAL OPERATING 
POINT TO FIND THE SENSOR INVERSION POINT ON THE LUNAR SURFACE 
AND MAINTAIN OPERATION AT THIS POINT. REPEATED APPLICATION OF 
CMD 1O1ll (BINARY) HAS NO FURTHER EFFECT UNTIL THE REGISTER IS 
CLEARED BY THE RESET CMD moo (B INARY). THE TEMPERATURE REGIS­
TER RELAYS ARE PRESET TO BE IN THE ITBD) COND ITiON AT IN ITiAL LUNAR 
ACTIVATION. THESE RELAYS MAY RESET WHEN LSG OPERATIONAL POWER 
I S REMOVED AND REAPPLIED. 

llooO TEMPERATURE INCREMENT LOAD 3 

THIS CMD IS ONE OF SIX USED BYTHE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OF THE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES, THROUGH A THERMISTOR BR IDGE 
CIRCU IT, CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE 
LSG SENSOR THROUGH 64 STEPS OF O.05oC. THUS, THE TEMPERATURE 
CAN BE ADJUSTED WITH IN A RANGE OF ~ 1. 6°C AROUND THE NOMINAL 
OPERAT ING PO INT TO FIND THE SENSOR INVERS ION POINT ON THE LUNAR 
SURFACE AND MAINTAIN OPERATION AT THIS POINT. REPEATED APPLI­
CATION OFCMD llOOO (BINARY) HAS NO FURTHER EFFECT UNTIL THE REGIS­
TER IS CLEARED BYTHE RESET CMD lllOO(BINARYI. THE TEMPERATURE 
REGISTER RELAYS ARE PRESET TO BE IN THE nBD) CONDITION AT INITIAL 
LUNAR ACTIVATION. THESE RELAYS MAY RESET WHEN LSG OPERATIONAL 
POWER IS REMOVED AND REAPPLIED. 

llOOI TEMPERATURE INCREMENT LOAD 4 

THIS CMD IS ONE OF SIX USED BY THE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OFTHE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES, THROUGH A THERMISTOR BRIDGE CIRCUIT, 
CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE LSG SEN­
SOR THROUGH 64 STEPS OF O. 050C. THUS, THE TEMPERATURE CAN BE AD­
JUSTED WITH IN A RANGE OF ~ l.6°C AROUND THE NOMINAL OPERATING 
POINT TO FIND THE SENSOR INVERSION POINT ON THE LUNAR SURFACE 
AND MAINTAIN OPERATION AT THIS POINT. REPEATED APPLICATION OF 
CMD llOOI (BINARY) HAS NO FURTHER EFFECT UNTIL THE REGISTER IS 
CLEARED BY THE RESET CMD llioo (BINARY), THE TEMPERATURE REGISTER 
RELA YS ARE PRESET TO BE IN THE nBD) COND ITION AT INITIAL LUNAR 
ACTIVATION. THESE RELAYS MAY RESET WHEN LSG OPERATIONAL POWER 
IS REMOVED AND REAPPLIED. 

llOlO TEMPERATURE INCREMENT LOAD 5 

THIS CMD IS ONE OF SIX USED BYTHE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OF THE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES, THROUGH A THERMISTOR BR IDGE 
CIRCU IT, CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE 
LSG SENSOR THROUGH 64 STEPS OF O. 050C. THUS, THE TEMPERATURE 
CAN BE ADJUSTED WITH IN A RANGE OF ~ 1. 6°C AROUND THE NOMINAL 
OPERATING POINT TO FIND THE SENSOR INVERS ION POINT ON THE LUNAR 
SURFACE AND MA INTAIN OPERATION AT TH IS POINT. REPEATED'APPLI­
CATION OF CMD 11010 (BINARY) HAS NO FURTHER EFFECT UNTILTHE REG IS­
TER IS CLEARED BY THE RESET CMD lllOO (BINARY). THE TEMPERATURE 
REGISTER RELAYS ARE PRESET TO BE IN THE nBD) CONDITION AT INITIAL 
LUNAR ACTIVATION. THESE RELA YS MA Y RESET WHEN LSG OPERATIONAL 
POWER IS REMOVED AND REAPPLIED. 

llOll TEMPERATURE INCREMENT LOAD 6 

THIS CMD IS ONE OF SIX USED BYTHE LSG TO LOAD A REGISTER CON­
SISTING OF SIX RELAYS. THE STATE OF THE REGISTER IS READ OUT IN 
THE TM AND EACH OF THE 64 STATES, THROUGH A THERMISTOR BRIDGE 
CIRCU IT, CONTROLS THE TEMPERATURE OF THE HEATER BOX AROUND THE 
LSG SENSOR THROUGH 64 STEPS OF O. 050C. THUS, THE TEMPERATURE 
CAN BE ADJUSTED WITH IN A RANGE OF ~ 1. 6°C AROUND THE NOMINAL 
OPERATING POINT TO FIND THE SENSOR INVERSION POINT ON THE LUNAR 
SURFACE AND MAINTAIN OPERATION ATTHIS POINT. REPEATED APPLI­
CATION OFCMD llOll (BINARY) HAS NO FURTHER EFFECT UNTIL THE REGIS­
TER IS CLEARED BY THE RESET CMD lllOO (BINARY), THE TEMPERATURE 
REGISTER RELAYS ARE PRESET TO BE IN THE nBD) CONDITION AT INITIAL 
LUNAR ACTIVATION THESE RELAYS MAY RESET WHEN LSG OPERATIONAL 
POWER IS REMOVED AND REAPPLIED. 
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LSG ENCODED COMMANDS [CONT'D) 

BINARY COUNT 

11100 TEMPERATURE RESET 

TH IS CMD RESETS THE SIX RELA YS USED I N THE REG ISTER OF THE LSG 
HEATER BOX TEMPERATURE CONTROL CIRCU IT. REPEATED APPLICATION 
OFCMD 11100 HAS NO FURTHER EFFECT. THE TEMPERATURE REGISTER 
RELAYS ARE PRESET TO BE IN THE (TBD) COND ITION AT INITIAL LUNAR 
ACTIVATION. THESE RELAYS MAY RESET WHEN LSG OPERATIONAL POWER 
IS REMOVED AND REAPPLIED. 

11101 POST AMP GAIN INCREMENT 

THIS CMD ADVANCES THE COUNT OF A 4-STAGE REGISTER CONTROLLING 
THE GAIN OFTHE POST-AMPLIFIER OF THE LSG SENSOR. THE STATUS OF 
THIS REGISTER IS NOT READ OUT IN THE TM. REPEATED APPLICATION OF 

. CMD 11101 (BINARY) CAUSES THE COUNTER SETTING TO ADVANCE IN RE­
PEATED INCREMENTS UNTIL IT REACHES 15, AFTER WH ICH IT RESETS TO 
ZERO AND CONTINUES IN THE SAME SEQUENCE. WHEN OPERATIONAL 
POWER IS APPLIED TO THE LSG, THE INITIAL GAIN SETTING IS UNPRE­
DICTABLE. 

11110 POST AMP GA IN RESET 

TH IS CMD RESETS THE COUNTER OF THE 4-STAGE REG ISTER CONTROLLING 
THE GAIN OF THE POST-AMPLIFIER OF THE LSG SENSOR, RESULTING IN 
THE LOWEST GA"IN SETTING. REPEATED APPLICATION OF CMD 11110 
(B INARY) HAS NO FURTHER EFFECT. 
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LSG DIGITAL DATA FORMATS 
NORMAL MODE SHAFT ENCODER MODE 
1 

C 

2 

C 

3 

C 

4 

G 

5 6 

G 

7 8 

G 

9 10 

G 

11 12 

G 

13 14 

G 

15 16 

G 

I 

17 18 

G 

19 20 

G 

21 22 

G 

23 24 

G 

25 

TIDE 

26 

G 

27 
FREE 
MODE 

28 

G 

29 

TEMP 

30 

G 

31 32 

G 

33 

H. K. 

34 

G 

35 

STATUS 
1 

36 

G 

37 

STATUS 
2 

38 
G 

39 40 

G 

41 42 

G 

43 44 

G 

45 46 

G 

47 48 

G 

49 50 

G 

51 52 

G 

53 54 

G 

55 

G 

57 58 

G 

59 60 

G 

61 62 

G 

63 64 

G 

C C C 
COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

FINE 
ENCODER 
LSB 

H. K. 
COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

COARSE 
ENCODER 
LSB 

COARSE 
ENCODER 
LSB 

COARSE 
ENCODER 
LSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

FINE 
ENCODER 
MSB 

FINE 
ENCODER 
LSB 

COARSE 
ENCODER 
MSB 

COARSE 
ENCODER 
LSB 

ALSEP DATA FRAME CONTAINS 6410-81T DATA WORDS 

C = ALSEP CONTROL WORDS (3 PER FRAME) 

G= LSG SEISMIC DATA (31 WORDS PER FRAME) 

H. K. = HOUSEKEEP ING (lNCLUD ING 10 LSG PARAMETERS) 

COMMUTATED ONCE EVERY 90 ALSEP FRAMES 
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LSG STATUS AND ENGINEERING DATA 


STATUS 1 
(ALSEP WORD 35) 

MSB" , 	 CLSB 

1112131415161718191101 

,1----'-- LOG - 14 TILT MOTOR STA 
, L DG-13 SCREW MOTOR STA 

STATUS 2 DG-12 MASS CHANGE MOTOR STA 

(ALSEP WORD 37) DG-ll TEMPERATURE RELAYS STA 
MSB), C LSB 

\112131415161718191101 

L 	 DG-19 CMD COUNTER (B IT 5 I S ALWAYS 
ONE AND BITS 6 THROUGH 10 CONTAIN 
THE COUNTER READOUT) 

DG-18 SEISMIC GAIN HI/LOW 


DG-17 PRESS TRANSDUCER ON/OFF 


DG-16 INST HOUSING HTR ON/OFF 


DG-15 CMD DECODER ON/OFF 

HOU SEKEE PING (ALSEP WORD 33) 

ALSEP 
FRAME NO. CODE PARAMETER 

10 AG-02 LSG TIDE· 

23 AG-03 LSG FREE MODE· I 

24 AG-07 LSG OSC ILLATOR AMPLITUDE 

38 AG-08 LSG +15 VOLTS 

39 AG-Ol LSG SEISMIC • ! 

53 AG-09 LSG -15 VOLTS 

54 AG-06 LSG MASS CHANGE POS ITION 

68 AG-04 LSG SENSOR TEMPERATURE 

69 AG-lO LSG +5 VOLTS 

89 AG-05 LSG PRESSURE 

• SC IENCE DATA READ OUT IN ANALOG HOUSEKEEPING 
CHANNELS 

HOUSEKEEPING PARAMETERS ARE READ OUT ONCE 
EVERY 90 ALSE.p FRAMES (ONCE EVERY 54 SECONDS 
AT NORMAL DATA RATE) 

JUNE 72 3270.3.37 

http:3270.3.37


LSG INITIAL LUNAR OPERATIONS 


I
FUNCTION COMMENTS 
I 

1. INSTRUMENT TURN-ON APPLICATION OF LSG OPERATIONAL POWER 

2. INITIAL TEMPERATURE SET UP RESET REGISTER TO LOWEST INCREMENT 

3. PRESSURE TRANSDUCER CHECK 1. 5 MINUTES FOR STAB ILlZATlON, THEN TURN OFF 

4. INITIALIZE ELECTROSTATIC LOOP SET BlAS OUT, INTEGRATOR SHORT MODE, AND 
MINIMUM GAIN 

5. UNCAGE MASS CHANGE MECHAN ISM 

6. UNCAGE SENSOR BEAM 

7. INITIAL MASS ADJUSTMENT ACTUATE MASS CHANGE MOTOR 

8. INITIAL BEAM ADJUSTMENT OPERATE SCREW MOTORS, READ SHAFT ENCODERS 

9. TEMPERATURE STAB ILlZATlON MAY TAKE SEVERAL HOURS 

10. NULL SENSOR BEAM ACTUATE SCREW MOTORS I 
11. ADJUST TILT ACTUATE TILT MOTORS 

12. OBTAIN SPRING INVERSION TEMP ADJUST TEMP IN INCREMENTS, STABILIZING EACH TIME 

13. RE-NULL SENSOR BEAM ACTUATE SCREW MOTORS 

14. ADJUST ELECTROSTATIC LOOP SET BIAS IN, INTEGRATOR NORMAL, AND INCREASE GAIN 

15. STABILITY CHECK RE-ADJUST AS NECESSARY 

16. OPERATIONAL MODE FOLLOWS COMPLET ION OF THE OPERAT IONS ABOVE 
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LMS CONFIGURATION 


I(H VENT 
STOWEDVALVE 

/" . 

VENT VALVE 
PULL RING 
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LM-S -SCIENCE SUMMARY 
OBJECTIVES 

• 	 TO IDENTIFY AND DETERMINE THE DEN­

SITY OF CONST ITUENTSOF THE LUNAR 

ATMOSPHERE 


• 	 TO DETERMINE THE TEMPORAL VARI­
ATIONS OF THE ATMOSPHERIC CONSTITUENTS 


METHODS 

• 	 DETECT AND COLLECT IONS IN MASS 


RANGE 1THROUGH 4 AMU AND 12 

THROUGH llO AMU 


RESULTS 
• 	 STRUCTURE AND COMPOSITION OF lUNAR 


ATMOSPHERE 

• 	 GLOBAL D I STR IBUTION 
• 	 DIURNAL VAR lATIONS 
• 	 GAS RELEASE AT DAWN TERMINATOR 
• 	 TEST THEOR IES OF PLANETARY EXO­


SPHERE DYNAM IC S 

• 	 ORIGIN OF ATMOSPHERE 

• 	 SOLAR WIND ACCRETION 
• 	 NEON D I STR IBUTI ON 
• 	 VOLCANISM 

• 	 TRANS lENT PHENOMENA 
• 	 lOCAT ION OF GAS VENT ING 
• 	 PHYS ICAl PROCESSES CAU SING 


GAS RELEASE 

• 	 RES IDUAl CONTAMINATION 

• 	 DIFFUSION RATES OF GAS CLOUDS 
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LMS COMPONENTS· AND INTERFACE 

DUST 

1+-+ STRUCTUREITHERMAl 
COVER ,

A 

I 	 t 
, 	 ,

CMD LI NES (7) 	
y 

--"'" ANALYZER 
~--------DATA DEMAND ...... 

~ 3 SENSORS 
DATA SHUT PULSES .... 1TO 4 AMU 
FRAME MARK -"" 12 TO 48 AMU 
90-FRAME MARK 27 TO 110 AMU~ 

+12 VDC (TEMP SENSOR)AlSEP lMS 
CENTRAL 

~ 

ELECTRON ICS .... 	 DIG ITAl DATA 


ANALOG DATA LINES (3) 

STATION 

SIZE, WEIGHT, AND POWER 

SIZE, IN.: 13. 25 ) 6.5 X 12.5+29 VDC OPER PWR . WEIGHT, lB: 20.0
,+29 VDC RTN ... POWER, WAITS: 

11.40PERATIONAl+29 VDC STANDBY PWR 
~ 6.7 STANDB 

. 10.6 BAKEOUl HTR 
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LMS OPERATIONS SUMMARY 
DEPLOYMENT 

• OPEN VENr"VALVE 
• REMOVE 3TIE-DOWN FASTENERS 
• ROTATE 90° TO UPRIGHT POSITION 
., PLACE 45 FT NORTHWEST OF CENTRAL STATION 

• LEVEL 
• BREAK HERMETIC SEAL ON SENSOR 

• RECHEC K LEVELd 
POST DEPLOYMENT 

• CMD OPERATIONAL POWER FOR LOW VOLTAGES 
• REMOVE DUST COVER AFTER LM ASCENT 
• PERFORM BAKEOUT 
• TURN ON ION PUMP, READ PRESSURE 
• APPLY HIGH VOLTAGES FOR FULL OPERATION 

CONS IDERATIONS 
• HERMETICALLY SEALED ON EARTH 
• REQU IRES UNOBSTRUCTED UPWARD HEMISPHERE VIEW 
• PLACE AS FAR AS POSSIBLE FROM EQU IPMENT THAT MIGHT OUTGAS 
• CONTAINS PERMANENT MAGNETS 
• USES HIGH VOLTAGES 
• USES SECOND SURFACE MIRRORS ON TOP THERMAL CONTROL SURFACE 
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LMS COMMUNICATIONS SUMMARY 
COMMANDS 

• 	 POWER ON/STANDBY/OFF 
• 	 7 CMD LINES TO PROV IDE 15 ENCODED CMDS 


(2 LOAD AND 1 EXECUTE, EACH) INCLUD ING: 

-DUST COVER REMOVAL 

-H IGH VOLTAGES ON/OFF 

-ION PUMP ON/OFF 

-FI LAMENT 1 OR 2 SELECT/OFF 

-H IGH VOLTAGE STEPS 

-SWEEP LOCK/STEP MODE SELECT 

-BAKEOUT MODE SELECT 

-ELECTRON MULTI PLiER VOLTAGE SELECT 

-DISCRIMINATOR LEVEL SELECT 


DATA 
• 	 4 DIG ITAL IO-B IT WORDS PER ALSEP FRAME 


-1 INSTRUMENT/CMD STATUS DATA' 

-3 SC IENCE DATA (3 SENSORS SAMPLED ONCE PER FRAME) 


• 	 3 ANALOG CHANNELS IN ALSEP WORD 33, 

READ OUT ONCE EVERY 90 ALSEP FRAMES 

(ONCE EVERY 54 SECONDS AT NORMAL DATA RATE) 

-1 MULTIPLEXED 16-CHANNEL HOUSEKEEPING DATA 

-1 SWEEP VOLTAGE 

-1 ELECTRONICS TEMPERATURE 

(READS OUT IN OPERATIONAL, STANDBY, AND OFF COND ITIONS) 
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LMS PERFORMANCE. CHARACTERISTICS 
• MODE OF OPERATION: AUTOMATIC CONTINUOUS SWEEP WITH COMMANDABLE LOCK AT ANY AMU 
• SCAN TECHNIQUE: VARY ACCELERATING VOLTAGE FROM 320 TO 1420 VOLTS IN A SER IES OF 1350 STEPS 
• 	 MEASUREMENT: THREE DETECTORS DETERMINE THE DENSITY (ABUNDANCE) OF EACH CONSTITUENT IN 

THE LUNAR ATMOSPHERE BY COUNTING PARTICLES AT EACH STEP FOR A PER 10D OF 

0.6 SECONDS 
• RESOLUT ION: 	 10'10 
• SENS IT IV ITY: 	 1. 0 X 10-5 TORR 
• DYNAMIC RANGE: 1 X 105 
• TYPICAL RECORD FOR ONE SWEEP IS SHOWN BELOW 

MASS RANGE 
,(DETECTOR) . 	 . .SCALE OF RELATIVE ABUNDANCE~ 
f 28 r-NUMBERS IND ICATEMASS PEAKS (AMU) 	 ,

32 ' 	 -757.10 A 

. 64 82 10-9 A . 	 110 
. 10-11 A. 

18 . 28 10-7 A .14 f\ 1\ . n . 32 . 44 -9LMID 12~'bp,",~ 	 A 

__1 _ 2 	 4 10-7 A 

LO~ ~ 	 :7' \ ·r ~-9A 

-DIRECTION OF SWEEP 

JUNE 72 3270.4.7 



LMS EXPLODED ASSEMBLY 
SECOND SURFACE MIRROR 
(IN MOUNTING PLATE) 

ELECTRON IC S 

I­

THERMAL 
INSULATION 
BAG 

DUST 
COVER 
(OPEN) 

ANALYZER 
..---COVER 
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LMS DETECTION SYSTEM 


( 
BAKEOUT 

HEATERS \ 

GAS ION IZATION 
AND ACCELERATION 
(ION SOURCE) 

HI MASS 

SENSOR TYPE 

.90° MAGNETIC SECTOR FIELD MASS 
ANALYZER 

• NIER-TYPE THERMION IC ELECTRON 
BOMBARDMENT ION SOURCE 

.... /GAS MOLECULE INLET 
, , 

DRIFT 
TUBE 
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lMS FUNCTIONAL SUMMARY 


ALSEP 
CENTRAL 
STATION 

ANALOG DATA (l) 

9O-FRAME MARK 
16-CHANNEl 

DATA SH 1FT PULSES ANALOG 
ANALOG DATA LINE (l) MULTIPLEXER 

HOUSEKEEPING 
INPUTS 

I 
DIGITAL +EXPER 
HK CMD 
STATUS

,.-'--"""'"--­
I\,.CMD LINES m COMMAND 
v DATA DEMAND DECODER 

15 COMMANDS 

FRAME MARK AND 

DIG ITAL DATA ~~~~TAL 
PROCESSOR 

lO-B IT 
DIGITAL 
DATA 

fRAME 
MARK 

SHIFT 
A J PULSES;:t COUNTING 

C 

+12 VDC EXC ITATION 

ANALOG DATA (l) 

+29 VDC OPER PWR 

+29 VDC RTN 
SUPPLY 
or-----T 

+29 VDC 
RTN I, 

DUST 
+29 VDC STANDBY PWR I COVER 

AND 

+12 VDC 
+5 VDC 
-12 VDC 
-15 VDC 
-20 VDC 

THERMAL , 

DIGITAL 
SWEEP 
CONTROL 

DUST 
COVER 
RElEASE 

RTN 

ElECTRON 
MULTIPLIER 
HVPS 

CONTROL SWITCHED LINE (STANDBY PWR) 

ENVIRONMENTAL 
INPUT 
(GAS MOLECULES)r-------, 
I V 
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LMS LOW VOLTAGE POWER SUPPLY 

(LVPS) 


+29 VDC OPER PWR +29 VDC 1
CURRENT 

+29 VDC RTN MON ITOR +29 VDC RTN BACKUP HEATER 

DC TO AC 

INVERTER 


TRANSFORMER 
RECTIFIER 

BRIDGE 

+5 VDC 

+12 VDC 
REGULATOR 

-12 VDC 
REGULATOR 

+12 VDC 

-12 VDC 

-20 VDC 

-15 VDC I -15 VDC 

REGULATOR • 

JUNE 72 3270.4.11 
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LMS DECODER AND DATA PROCESSOR 


LMS LOAD 1 

LMS LOAD 2 

LMS LOAD 3 

12]) LMS LOAD 4 

LMS LOAD 5 COMMAND 
DECODER 

LMSLOADb AND 
DIGITAL 

DATA 
LMS CMD EX.I PROCESSOR 

+5 VDC ., 

DATA DEMAND 

FRAME MARK 

DIGITAL DATA 

15 ENCODED CMDS 

ANALOG STATUS) LMS 

ANALOG 
DIGITAL STATUS MULTIPLEXER 

SENSOR A DIGITAL DATA 

SENSOR B DIGITALDATA 

SENSOR C DIGITAL DATA 

FRAME MARK 

) 

_ 

PURPOSE 
• 	 RECEIVES IND IVIDUAL CMDS FROM 

ALSEP, DECODES THE MULT IPLEXED 
COMB INATIONS, COND ITIONS THEM 
AND ROUTES THEM TO THE PROPER 
CIRCU ITS 

• 	 PROVIDES TM ON CMDS RECEIVED 
FROM ALSEP 

• 	 GATES SCIENTIFIFIC DIGITAL DATA 
AND LMS OPERATING STATUS 
DIG ITAL DATA TO ALSEP DDP 
IN THE PROPER SEQUENCE 

INPUTS 
• 	 DIGITALCMD AND TIMING FROM 

ALSEP 
• 	 DIG ITAL HOUSEKEEPING STATUS 

DATA FROM LMS ANALOG 
MULTIPLEXER 

• 	 DIGITAL SCIENTIFIC DATA FROM 
THE THREE SENSORS VIA THE LMS 
COUNTING AND DATA COMPRESSION 

OUTPUTS 
• 	 CMOS TO LMS CIRCU ITS 
• 	 TIMING TO LMS DATA AND SWEEP 

CONTROL 
• 	 DIG ITAL SC IENTIFIC AND STATUS 

DATA TO THE ALSEP DIG ITAL DATA 
PROCESSOR 

JUNE 72 3270.4.12 

ALSEP 
CMD 
DECODER 

LMS { 
LVPS 

ALSEP 
DDP 

LMS 
COUNTING 
AND 
DATA 
COMPRESS ION 

LMS 
DIGITAL 
SWEEP 
CONTROL 
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lMS EMISSION CONTROL 


LMS 
LVPS 

~ 

LMS 

+29 VDC I DC-INVERTER EMISSION ___ 

+29 VDC RTN I AND CONTROL 
RECTIFIER VOLTAGES ~ 

IOTE:
<€> INDICATES ENCODED CMOS 

WITH TWO LOAD CMDS (OCTAU 
IN PARENTHESES; FOLLOWED 
BY 134 (OCTAL) FOR EXECUTION 

SWEEP HIGH VOLTAGE 

MODE SELECT ENAB LE 

E (12311321 1EMISSION/FILAMENTS OFF 
MODE SELECT INH IBIT 

E (12311331 1FILAMENT fl ON 
MODE SELECT INH I B IT 

.A <12411251 1FlLAMENH2 ON 
'0' CYC LlC MODE SELECT 

E (124113311 J-PLATE VOLTAGE STEP ENABLE 
I 

FIXED MODE SELECT 

A (123112511 J- PLATE VOLTAGE STEP 
~ 

.A (12511271 J- PLATE VOLTAGE STEP INH IB IT 

CYCLIC 
MODE 
SELECT CYC LlC MODE PU LSE 
LOGIC 

FIXED 
MODE 

...-f-. SELECT 
LOGIC 

Wrswm; 
START 
LOGIC 
'---

I 

MODE AM-ll M-l M-l 
SELECT MISSIO FIL #l FIL #2 

FIXED MODE PULSE RELAY URREN URRENT CURRENT 

+ + 
CYCLIC 
STEP 

EMISS ION r- EMISS ION 
SWEEP r REGULATOR MONITOR
START RELAYS 
PULSE -± ~ I EMISSION CONTROLIBIAS ION FIlA..." BIAS ~ 

CONTROLJ 1 FI L 

I I 
ON/OFF 

FILAMENT 
REGULATOR 
AND 
SELECTOR 

+20 VDC OFF FI LAMENT BIAS 
SUPPLY I F THE OTHER ONE I S ON 

J-PLATE 
VOLTAGE 
SEQUENCER 

[MISSION CURRE" 

, FIL HI CURRENT 
FILAMENT 

FlL 11 CURRr" ; 
CURRENT 
MONITORS 

t 
FIL #1 PWR 

FIL *l RTN 
FIL 12 PWR 

FIL #2 RTN 

RELA Y INTERLOCK PREVENTS 
TU RN-ON OF ONE F I LAMENT 

J-PLATE NO. 1VOLTAGE 

J-PLATE NO.2 VOLTAGE 

LMS 
SWEEP ANALOG 

HVPS 
 MU LTI PLEXER 

LMS ~ IONCMD 
SOURCEDECODE ~ 

j 
~ 
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I ~_....--I 10TH STEP 
(START CAl) 

20TH STEP 
(START SWEEP) 

l330TH STEP (START BKG) 

939TH STEP 

690TH STEP 

~ 10-B IT BINARY COUNTER 
(SWEEP MODE) 

12-B IT DIA CONVERTER 

lMS DIGITAL SWEEP CONTROL 


~ 
MULTIPLIER HVPS ONLMS 

CMD 
DECODER 

BAC KU P HTR OFF 
INH IB IT ION PUMP TURN-ON I CENTRAL 

(123/125) LOCK, SWEEP HOLD 
LOGIC 
CONTROL 
CIRCU ITRY 

'1
rl 

i 

+1 

... 2 

2-B IT 
BINARY 
COUNTER 

RESET 
ENABLE 

BUFFER 
AND IPEDESTAL VOLTAGE 

SWITCH 

5-B IT BINARY 

). SWEEP 
)HVPS 

LMS 

AUXILIARY I CAL ENABLE.) PREAMPS 
LOGIC "} AND 
CONTROL DISCRIMINATORS 
CIRCU ITRY 

I 

GATING 
NETWORK 

GATING 
LOGIC 

ICONTROL VOLTAGE)' SWEEP 
)HVPS 

ANALOG 
MULTIPLEXER ~ 

LMS 
DATA 
PROCESSOR 

NOTE: 

( FRAME MARK (0. 604 SEC) 

" D (1231127) ONE STEP 

LMS {90-FRAME MARK 

~ IND ICATES ENCODED CMOS 
WITH TWO LOAD CMOS (OCTAl) 
IN PARENTHESES; FOLLOWED 
BY 134 (OCTAl) FOR EXECUTION 

JUNE 72 3270.4.14 

http:3270.4.14


LMS SWEEP HVPS 
(HIGH VOLTAGE POWER SUPPLY) 

SWITCHED 
. POWER (+27.5 VDC NOM.) 

LMS 
LVPS { POWER RTN CHOPPER -

RE 
AL 

ERENCED TO 

~~R~N______ 

l + 
TRANSFORMER f-I 

f-- ­

PHOTO­
TRANS ISTOR 

-----­ - -­ COUPLED -

RE :RENCED TO PAIR 

SI NAL GROUND 

ALSEP{ 
ADP 

.oL 

HV MONITORS : BU FFER 1 VOLTAGE 

IWJLTIPLIER 
SWEEP (QUADRU PLER) 

LMS VOLTS 
ION SOURCE{jiWEEP HIGH VOLTAGE OUTPUTAND .. 

(320 TO 1420 VDC)EMISSION 
CONTROL 

BLEEDER 
RESISTOR 
CHAIN EI!0 
 OPERATIONA~ 


AMPLIFIERDIGITAL{. CONTROL VOLTAGE (REFERENCE) X 
SWEEP PEDESTAL VOLTAGE ~ 
CONTROL . 
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LMS ELECTRON MULTIPLIER HVPS 
[HIGH VOLTAGE POWER SUPPLY) 

LMS { POWER (27.5 VDC NOMINAl) 


LVPS If POWER RTN ! SW ITCHED 


LMS 
CMD 

NOTE: 
~ IND ICATES ENCODED CMDS VOLTAGE - HIGH VOLTAGE rs-:-}ELECTRON 

WITH TWO LOAD CMDS (OCTAl) ~__ ~ MULTIPLIERS 

(123/124) HVPS ON" . I POWER I POWER 

(1321133) ALL HVPS OFF I ON/OFF 
• RELAY 

{ 

SWEEP STEP &HVPS ON 
., BACKUP HEATER OFF 

INH IB IT ION PUMP TURN-ON 

(124/132) MULTIPLIER LOW .. ICHOPPER 

(12411271 MULTIPLIER HIGH 

~ 
i i 

BACKUP HEATER ON 

AND 
CONTROL 

OUTPUT RANGE 

-2200 TO -3000 VDC 
WITH 600 VDC 
INCREMENT 
BETWEEN HIGH 
AND LOW 

A 

MULTIPLIER 

IN PARENTHESES; FOLLOWED 

BY 134 (OCTAl) FOR EXECUTION 
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LMS PREAMPS AND DISCRIMINATORS 
I PREAMP 

( SIGNAL A 	 .. DISCRIMINATOR 1---------, 
PULSE SHAPER IELECTRON J --=-S~IG~N~A=-L..:::B__________________-, 
AMULTIPLIERS 

SIGNAL C 


DIGITAL L -- PREAMP 

SWEEP {CALENABLE 12MHZ --	 DISCRIMINATOR 
CONTROL ' 	 CALIBRATION PULSE SHAPER r---- ­

OSC ILLATOR ...... B I 

PREAMP 
L----+----t----.........,'~I DISC RIM INATOR 

PULSE SHAPER 

LMS {
~-r--~~'~Ic~______~ 

E (124/123) DISCRIMINATOR HIGH DISCRIMINATOR 

CMD 
DECODER 

THRESHOLD 
E (l251l271 DISCRIMINATOR LOW CONTROL 

INHIBITI IENABLE 

~ 
J-PLATE 
SEQUENCER 

NOTE:
<9 INDICATES ENCODED CMDS 

WITH TWO LOAD CMDS (OCTAl) 
IN PARENTHESES; FOLLOWED 
BY 134 (OCTAl) FOR EXECUTION 

OUTPUT CCOUNTING {
AND • 
DATA :==SO~U~TP~U~T~B=-____________________________-=================~ 
COMPRESSION _1_~o~m~p~m~A__________________________________==============~ 
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http:3270.4.17


LMS COUNTING AND DATA COMPRESSION 


LMS ,CHANNELA (ONEOFTHRUTDENfiCALCHANNELS'i - - - - - - - - - - - - - - - - - -- - - - - - - --, 

:~~AMP {OU;PUT A (ONE PU LSE FOR EACH ION DETECTED) 	 : 

DISCRIMINATOR I 	 : 

I TRANSFER I 
I 2I-BIT BINARY COUNTER I 

I 

LMS I 

DIGITAL {FRAME MARK 

DATA 

PROCESSOR 


IF LESS THAN 14, SHIFTIF 220 IS ZERO, 

SHIFT 21-BIT 

REGISTER LEFT; 
 IF 14, ADVANCE 

4-BIT COUNTERIF 220 IS ONE, 
TO 15 ANDTRANSFER DATA 
TRANSFER DATA 
TO 10-BIT REG ISTER 

TO lO-BIT REG ISTER 

BIT iO } LMS 

:J 
IS DIGITAL 
SHIFTED DATA 

ALSEPDDP{. ~,- ..... 1--"-'" 
LMS ANALOG MULTI PLEXER { DATA SH 1FT PULSES 

OUT PROCESSOR 
ALSEP DDP { DATA DEMAND FIRST (l OF 3 CHANNELS)

IALSEP WORD 17 FOR A, 19 FOR B, AND 21 FOR C) 

OPERATION 

• 	 IONS ARE DETECTED IN EACH OF 
THE THREE ELECTRON MULTIPLIERS 

AND COUNTED IN A 21-BIT BINARY 

COUNTER 12,097,152 CAPAC ITY) FOR 

ONE FRAME MARK INTERVAL; 0.604 

SEC AT NORMAL DATA RATE 

• 	 THE COUNTS ARE TRANSFERRED 
lAND COUNTER CLEARED) TO A 
21-B IT SH IFT REG ISTER 

• 	 THE COUNTS ARE SH IFTED TOWARD 
THE MSB END OF THE REGISTER AND 
EACH BIT-SHIFT IS RECORDED IN A 
4-B IT SH 1FT COUNTER 

• 	 THE SH IFTING STOPS WHEN A LOGICAL 
ONE IS DETECTED IN THE 21ST BIT OR 
WHEN 14 SHIFTS HAVE OCCURRED 

• 	 IF 14 SHIFTS HAVE OCCURRED AND 
THE 21ST BIT IS STILL A LOGICAL 
ZERO, THE 4-BIT SH 1FT COUNTER IS 
ADVANCED TO 15 WITH NO CHANGE 
IN THE 2I-BIT REGISTER 

• 	 SIX REG ISTER BITS 120 THROUGH 15) 
ARE TRANSFERRED TO THE lO-BIT 
OUTPUT REGISTER PLUS THE FOUR 
BITS FROM THE SH 1FT COUNTER 
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-------

LMS ION PUMP HVPS 

(HIGH VOLTAGE POWER SUPPLY) 


{ POWER 127.5 VDC NOMINAU
LMS 
LVPS POWER RTN 

• 	MULTIPLIER AND SWEEP HVPS ON 

10MULTIPLIER AND SWEEP HVPS OFF 

ENABLE 

~~ {<t> 112711331 ION PU MP ON -I ENABLIlINH I B IT
l\ DECODER <D 1132/133) ALL HVPS OFF 

T 

SWEEP HVPS 
MULTIPLIER HVPS 

NOTES: 

0 

o 

LMS 

ANALOG { .. OUTPUT SIGNAL I LOGAR ITHM IC 
MULTIPLEXER AMPLIFIER 

H POWER 
ON/OFF 

VOLTAGE 
MULTIPLIER 

CURRENT 

SENSOR 


OPERATION 

• 	ION PUMP SERVES TO MONITOR THE INSTRUMENT 
PRESSURE AND DETERMINE WHETHER IT HAS OUTGASSED 
SUFFIC IENTLY TO ALLOW TURN-ON OF HIGH-VOLTAGE 
CIRCUITS (PROBABLY FIRST LUNAR NIGHT) 

HIGH VOLTAGE OUTPUT (+ 3500 VDC) .. } ~~ 

PUMP 
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ALSEP 

DDP 
LMS { 

COUNTING { 
AND DATA 

COMPRESS ION • 

ALSEP 
ADP 

I 

I 

ALSEP 
DDP { 

LMS 
DIGITAL 
DATA { 
PROCESSOR • 

ALSEP 
DDP 

{ 

LMS HOUSEKEEPING MULTIPLEXER 
90-FRAME MARK 	 LMS-I INVERTER 90-FRAME MARK (INVERTED) ~ } DIG ITAL 

SWEEP 
DATA SH 1FT PULSES EXPER IMENT CURRENT CONTROL 

ION PUMP CURRENT 
ION PUMP VOLTS 

BASEPLATE TEMP 
ION SOURCE TEMP 

ANALOG SIGNAL (CHANNEL 40) LVPS OUTPUT (4) 

15 SIGNALS EMISS ION CURRENT 
INCLUDING FIL III CURRENT 
ONE SPARE 	 FIL 112 CURRENT 

MULT HIGH VOLTAGE 

LVPS TEMP LMS 

ANALOG SIGNAL (CHANNEL 41) 0 TO 5 VDC 	 ELECTRON IC S 

ANALOG SIGNAL (CHANNEL 44) 0 TO 5 VDC 	 } TEMp· 
} SWEEP 

90-FRAME MARK ODD/EVEN HIGH 
FRAME MARK MARKER CMD REG STA (6) VOLTAGE 

GENERATOR !MULT HI/LOW STA 
DISCRIM HI/LOW 

BKG/CAL OR SWEEP 

AUTO/LOCK STA 

ION PUMP ON/OFF 

DUST COVER STA 

BAKEOUT HTR STADIGITAL OUTPUT 

HVPS ON/OFF 

FILAMENT ON/OFF 
DATASHIFTPULSES 

°LMS ELECTRONICS TEMP 
READ OUT IN OPERATE, 

DATA DEMAND (ALSEP WORD 5, ODD AND EVEN) STANDBY, AND OFF MODES 

,----I----f. 

DIGITAL 
HOUSEKEEPING 
FORMAT ~====~I ~b~~~hoNER 
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. LMS ~ 

CMD 
DECODER 

.LMS DUST COVER AND THERMAL CONTROL 
D (271132) DU ST COVER REMOVAL +5 VDC SWITCHED '-Dusr--lDUST 


+12 VDC 
 COVER I f COVER I
I RELEASE .RELEASE+5 VDC..-- ­

RTN I (BURN-WIRE) ILOGIC L _____ .J 

(1241127) BACKUP HTR ON +29 VDC SWITCHED r - - - -- -, . 
BACKUP 

(1231124) BACKUP HEATER BACKUP 
HTR OFF ~ HEATER 

., 

E~ RELAY 

SWEEP, MUll MULT HI 
HVPS ON 

DI25/132) BAKEOUT ENAB_1 

JI25/133) BAKEOUT BYPASS I I 
I 

+12 VDC 
LMS +5 VDC 
LVPS { +29 VDC OPERATIONAL PWR 

+29 VDC RTN 

.. +29 VDC STANDBY PWR
ALSEP 

+12 VDCPDU 
{ . ,. SIGNAL RTN 

EXC ITATION 

_ -

. 

BYPASS 

RTN 

LMS 
~I BAKEOUT II----=:"'::"':"='=---I ELECTRON IC S 

I HEATER 
~ RELAY 

SURVIVAL 
HEATER 

I 
I 
I
L __ 

NOTE: 

<9IND ICATES ENCODED CMOS _____., 
WITH TWO LOAD CMOS (OCTAL)LMS { ~) I ANALYZER I 

HOUSEKEEPING IN PARENTHESES; FOLLOWED... SIGNAL ~BASEPLATEj 
MU LT IPLEXER BY 134 (OCTAL) FOR EXECUTION 
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-

HINGES AND TORS ION SPR ING 

LMS DUST COVER AND THERMAL DESIGN 


DUST COVER DES IGN THERMAL DES IGN 

./-­
RADIATOR 
WITH SECOND 
SURFACE MANGANIN 

\-----\ 
THERMAL ISOLATOR 

MASKING 

THERMAL 

MIRRORS 

\ 

ELECTRONICS 

INSERTS 

ANALYZER 

EXTERNAL 
STRUCTURE 
PAINTED 
WHITE 

FLAT 
RIBBON 
CABLE 
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LMS DEPLOYMENT 
1. 	 ENGAGE UHT HANDLE IN LMS VENT PULL RING. 

2. 	 RELEASE LMS VENT PULL RING. 

3. 	 OPEN LMS VENT (PULL LMS VENT LANYARD UPWARD). 

4. 	 RELEASE 3 BOYD BOLTS SECURING LMS TO SUBPACKAGE #1. 

5. 	 ENGAGE UHT IN LMS SWIVEL SOCKET. 

6. 	 REMOVE LMS FROM SUBPACKAGE #1 AND TRANSFER TO 

DEPLOYMENT SITE (45 FEET NORTHEAST OF CENTRAL STATION) 

USING UHT. 


7. 	 ROTATE LMS 90° USING SWIVEL SOCKET AND INSURE THAT 

SWIVEL SOCKET IS LOCKED. 


8. 	 EMPLACE LMS ON LUNAR SURFACE US ING UHT (S ITE SHOULD 

BE RELATIVELY FLAT, I.E. WITHIN.:!:.l50). 


9. 	 VERIFY THAT LMS IS LEVEL WITHIN + 15°. IFLMS IS NOT 

LEVEL WITHIN .!.15° DO NOT EMBED THE EXPERIMENT; 

REPOSITION IT ON A MORE LEVEL SPOT. 


10. 	 REMOVE UHT FROM LMS SWIVEL SOCKET. 

11. 	 ENGAGE UHT IN LMS BREAKSEAL SOCKET. 

12. 	 BREAK BREAKSEAL US ING UHT (LEVER UHT IN DIRECTION OF 
ARROW TO SNAP BREAKSEAU. 

13. 	 REMOVE BREAKSEAL, US ING UHT, AND DISCARD. 

14. 	 VER IFY THAT LMS IS LEVEL WITH IN :!:,15° AND IS NOT 
EMBEDED IN LUNAR SURFACE. 

15. 	 VERIFY THAT ION SOURCE DUST COVER IS COVERING 
THE INLET. 

,/ 
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LMS EMPLACEMENT CRITERIA 


PARAMETER REQU IREMENT PRIOR.lTV .. INDICATOR COMMENTS ! 

oISTANCE FROM 
SUBPACKAGE 1 

45 + 5 FT FROM-
CENTRAL STAT ION 

, 
RAC lNG, 
CABLE LENGTH 

CABLE LENGTH 
50· FT. 

DIRECTION FROM 
SUBPACKAGE 1 

NORTHEAST OF 
CENTRAL STATION 

VISUAL 

SITE SELECT ION HORIZONTAL VISUAL AVOID SLOPES, 
OUT-CROPP INGS, 
AND RUBBLE 

LEVEL, WRT 
IND ICATOR 

+ 15° BUBBLE 
LEVEL 

+ 15° IS OBTAINED-
WHEN BUBBLE IS .' 
FREE FROM CASE 'I 

ALIGNMENT SEE NOTE SEE NOTE 

NOTE THE FLAT CABLE SHALL GO 0 I RECTLV TO THE CENTRAL 
STATION (NOT WRAPPED AROUND THE LMS) 

I 
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LMS COMMAND SUMMARY, 
OCTAL 
COMMAND COMMAND NOMENCLATURE 

123 LMS LOAD COMMAND 11 ~ OCTAl CMOS 123, 114, 125, i21, 132, !3l, AND I~ 
124 LMS LOAD COMMAND .2 ARE ENCODED IN SPECIFIC SEQUENCES TO PROVIDE 
125 LMS LOAD COMMAND .3 15 DISCRETE CMOS FOR THE LMS AS LISTED BELOW 
127 LMS LOAD COMMAND 14 
132 LMS LOAD COMMAND 15 
133 LMS LOAD COMMAND #6 
134 LMS EXECUTE AND CLEAR 

FUNCTION SEQUENCE 

123 124 125 lZ7 132 133 134 
STEP, MULT, SWEEP HV ON X X X 
& BACKUP HTR OFF 

LOCK (SWEEP HOLD), j-PLATE X X X NOTES 
VOLTAGE STEP, & FIXED MODE ° PRESET TURN-ON OPERATING MODE; ALL ARE 
SElECT LATCHING RELAYS EXCEPT DISCRIMINATOR 

ONE-STEP (SWEEP ADVANCE) X X X (FLIP-flOP) BUT INITIALIZING PULSE ALSO 
DR IVES RELA YS 

°EMI SS ION/FILAMENTS OFF X X X III THIS CMD IS INHIBITED IF HIGH VOLTAGES 
& MODE SElECT ENABLE ARE ON; THE OPPOS ITE IS NOT INHIB ITED 
FILAMENT fl ON & MODE X X X (2) AFTER THIS CMD. THE LMS MUST BE COMMANDED 
SElECT INH IB IT TO STANDBY TO PERFORM BAKEOUT 
FILAMENT f2 ON & MODE 
SElECT INH I B IT X X X 

MUll HIGH & BACKUP HTR ON X X X 

·MULT LOW X X X 

DISC HIGH, j-PLATE VOLTAGE X X X 
STEP ENABLE, & CYCLIC MODE 
SElECT 

°DISC LOW & j-PLATE VOLTAGE X X X 
STEP INHIBIT 

BAKEOUT ENABLE(Z) X X X 

°BAKEOUT BYPASS X X X 

DUST COVER REMOVAL X X X 

ION PUMP O~lI X X X 

°ION PUMP, MULT, AND SWEEP X X X 
HV OFF 
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LMS COMMANDS 

OCTAL CMD NUMBER 

• 	 123 LMS LOAD I 

THIS CMD IS ONE OF SIX USED BY THE LMS TO LOAD A 6-STAGE CMD REGISTER IN 
THE LMS AND PROVIDE 15 ENCODED CMOS. EACH ENCODED CMD CONSISTS OFTWO 
LOADS IN THE REG ISTER AND I S EXECUTED BY RECE I PT OF CMD 134 WH ICH ALSO CLEARS 
THE REGISTER. REPEATED APPLICATION OF CMD 123 HAS NO FURTHER EFFECT PRIOR 
TO EXECUT ION. 

• 	 124 LMS LOAD 2 

THIS CMD IS ONE OF SIX USED BY THE LMS TO LOAD A 6-STAGE CMD REGISTER IN 
THE LMS AND PROVIDE 15 ENCODED CMOS. EACH ENCODED CMD CONSISTS OFTWO 
LOADS IN THE REGISTER AND IS EXECUTED BY A RECEIPT OF CMD 134 WHICH ALSO CLEARS 
THE REGISTER. REPEATED APPLICATION OF CMD 124 HAS NO FURTHER EFFECT PRIOR 
TO EXECUTION. 

• 	 125 LMS LOAD 3 


TH I S CMD I S ONE OF SIX USED BYTHE LMS TO LOAD A 6-STAGE CMD REGISTER IN 

THE LMS AND PROV IDE 15 ENCODED CMOS. EACH ENCODED CMD CONS ISTS OF TWO 

LOADS IN THE REGISTER AND IS EXECUTED BY RECEIPT OF CMD 134 WHICH ALSO 

CLEARS THE REGISTER. REPEATED APPLICATION OF CMD 125 HAS NO FURTHER 

EFFECT PR lOR TO EXECUT ION. 


• 	 127 LMS LOAD 4 

THIS CMD IS ONE OF SIX USED BYTHE LMS TO LOAD A 6-STAGE CMD REGISTER IN 
THE LMS AND PROVIDE 15 ENCODED CMOS. EACH ENCODED CMD CONSISTS OFTWO 
LOADS IN THE REGISTER AND IS EXECUTED BY RECEIPT OF CMD 134 WHICH ALSO CLEARS 
THE REGISTER. REPEATED APPLICATION OF CMD 127 HAS NO FURTHER EFFECT PRIOR 

TO EXECUT ION. 


• 	 132 LMS LOAD 5 


THIS CMD IS ONE OF SIX USED BYTHE LMS TO LOAD A 6-STAGE CMD REGISTER IN 

THE LMS AND PROV IDE 15 ENCODED CMOS. EACH ENCODED CMD CONS ISTS OF TWO 

LOADS IN THE REGISTER AND IS EXECUTED BY RECEIPT OF CMD 134 WHICH ALSO 

CLEARS THE REGISTER. REPEATED APPLICATION OF CMD 132 HAS NO FURTHER 

EFFECT PR lOR TO EXECUT ION. 


• 	 133 LMS LOAD b 

THIS CMD IS ONE OF SIX USED BYTHE LMS TO LOAD A 6-STAGE CMD REGISTER IN 
THE LMS AND PROVIDE 15 ENCODED CMOS. EACH ENCODED CMD CONSISTS OFTWO 
LOADS IN THE REG ISTER AND I S EXECUTED BY RECE IPT OF CMD 134 WH ICH ALSO CLEARS 
THE REGISTER. REPEATED APPLICATION OF CMD 133 HAS NO FURTHER EFFECT PRIOR 
TO EXECUT ION. 

• 	 134 LMS CMD EX 

THIS CMD CAUSES EXECUTION OF ONE OF THE 15 ENCODED LMS CMOS AS CONTAINED 

IN ITS 6-STAGE CMD REG ISTER WH ICH I S LOADED BY RECE IPT OFTWO OF THE SIX CMOS 

123. 124. 125. 127. 132. AND 133. EXECUTION ALSO CLEARS THE REGISTER. REPEATED 

APPLICATION OF CMD 134 HAS NO FURTHER EFFECT 


APPLICATION OF OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION 
OF THE 6-STAGE CMD REGISTER IN THE CLEAR STATE 10000001. 

IF AN INCORRECT CMD LOAD IS RECEIVED BY THE REGISTER. IT WILL NOT 
AFFECT THE INSTRUMENT UNLESS EXECUTED BY CMD OCTAL 134. INCORRECT 
LOADS MA Y BE CLEARED BY SEND ING ADD IT 10NAL CMOS TO FI LL THE REG ISTER 
1111 I III AND THEN EXECUTING BY SEND ING CMD 134. 

IF AN INCORRECT LOAD CONSISTING OF THREE CMOS (FOR EXAMPLE) IS INADVER­
TENTLY EXECUTED (BY CMD 134) THERE ARE THREE COMBINATIONS OF LOAD PAIRS. 
EACH CORRESPOND ING TO AN ENCO[lED LMS CMD. THE RESPONSE OF THE LMS TO 
THIS INVALID INPUT IS UNPREDICTABLE, DEPENDING ON SWITCHING TIMES (SIGNAL 
RACE) AND WHETHER OR NOT SOME OF THE THREE ENCODED CMOS ARE MUTUALLY 
EXCLUSIVE. 
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LMS ENCODED COMMANDS 

OCTAL CMD LOADS 

• 	 123 & 124 STEP, MULT, SWEEP HV ON & BACKUP HEATER OFF 
TH I S COMB INAT ION OF CMDS, WHEN FOLLOWED BYTHE EXECUTE CIV\D 10CTAL 1341: 
- APPLIES POWER TO THE ELECTRON MULTIPLIER HV POWER SUPPLY 

ENABLES THE DIG ITAL SWEEP CONTROL AND SWEEP HV POWER SUPPLY 
- REMOVES POWER FROM THE BACKUP HEATER CIRCU IT 
- INH IB ITS TURN-ON OF THE ION PUMP HV POWER SUPPLY 
NOTE THAT THE ION PUMP INTERLOCK IS A ONE-WAY INHIBIT; 
OPERATION OF CMD 123/1241134 IS NEVER INHIBITED. 

THE DIG ITAL SWEEP CONTROL IS LOCKED ISWEEP HOLDI BYTHE CMD COMB INATION 
123/125; THE TWO HV POWER SUPPLIES ARE COMMANDED OFF BY 1321133; AND THE BACKUP 
HEATER IS ENERGIZED BY 1241127 lEACH COMB INATION EXECUTED BY CMD 1341. 

REPEATED EXECUTION OF 12311241134 HAS NO FURTHER EFFECT. APPLICATION OF 
OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE LOCK MODE 
AND WITH THE HV POWER SUPPLIES OFF. THE INITIAL STATE OF THE BACKUP HEATER 
MAY BE ON OR OFF IUNPREDICTABLEI. 

• 	 123 & 125 LOCK (SWEEP HOLDI, j-PLATE VOLTAGE STEP, & FIXED MODE SELECT 

THIS COMBINATION OFCMDS, WHEN FOLLOWED BYTHE EXECUTE CMD (OCTAL 1341, 
CAUSES THE FOLLOWING CHANGES IN LMS: 

DEACTIVATES THE DIGITAL SWEEP CONTROL, TO LOCK ITS STEPPING 
FUNCTION AND HOLD THE SWEEP HV OUTPUT AT THE EXISTING VALUE 

ADVANCES THE j-PLATE VOLTAGE SEQUENCER OF THE ION SOURCE 
EMI SS ION CONTROL BY ONE STEP IF THE SEQUENCER HAS BEEN 
ENABLED BY 12411331134 

SELECTS THE FIXED MODE OF OPERATION OF THE EMISS ION CONTROL 
CIRCU IT IF IT HAS BEEN ENABLED BY 1231132/134. 

REACTIVATION OF AUT0MATIC SWEEP STEPPING IS PERFORMED BY 123/1241134. THE 
SWEEP REMAINS LOCKED UNTIL THE NEXT 9D-FRAME MARK AT WHICH TIME IT RESETS 
AND STARTS AT THE BEG INNING OF THE COUNTER SEQUENCE IBACK GROUNDI. 

APPLICATION OF OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE 
LOCK MODE, WITH j-PLATE STEPPING INHIBITED AT THE LAST COMMAND LEVEL BUT WITH 
POWER APPLIED TO THE j-PLATE SEQUENCER CIRCUIT, REPEATED EXECUTION OF 12311251134 
CAUSES REPEATED STEPPING OF THE j-PLATE VOLTAGE SEQUENCER THROUGH ITS FOUR STATES. 
THE NOMINAL VOLTAGES I! 1VOLT, AS A FUNCTION OF TEMPERATURE I FOR THE TWO j-PLATES 
IH AND HI ARE: 

PLATE STATE I STATE 2 STATE 3 STATE 4 
j-l lO92V lO76V lO70V I088V 
j-2 lO60V 1039V 1032V 1055V 

• 	 123 & 127 ONE STEP ISWEEP ADVANCEI 

THIS COMB INATION OF CMDS, WHEN FOLLOWED BY THE EXECUTE CMD IOCTAL 1341, 
CAUSES THE LMS DIGITAL SWEEP CONTROL TO ADVANCE ONE STEP IF IT HAS BEEN PRE­
VIOUSLY LOCKED BY 123/1251134. REPEATED APPLICATION OF 123/1271134 CAUSES 
REPEATED STEPPING OF THE DIGITAL SWEEP CONTROL THROUGH ITS 1350 STEPS, OR 

MORE IF DESIRED. 


• 	 123 & 132 EMISS ION/FILAMENTS OFF, & MODE SELECT ENABLE 

THIS COMBINATION OF CMDS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 1341, 
DEACTIVATES A PORTION OF THE LMS EMISS ION CONTROL POWER SU PPL Y TO REMOVE 
POWER FROM THE LMS ION SOURCE FILAMENTS. IT ALSO ENABLES THE MODE SELECT 
PORTION OF THE EM ISS ION CONTROLe IRCU IT. AFTER SEND ING 12311321134, EITHER 
THE FIXED MODE EMISSION OR CYCLIC MODE EMISSION MAY BE SELECTED AS 
FOLLOWS: 

FIXED MODE: :23/125/134 

CYCLIC MODE: 124/133/134 


REPEATED APPLICATION OF CMD 123/132/134 HAS NO FURTHER EFFECT. APPLICATION 
OF OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE FILAMENT-OFF 
MODE CORRESPOND ING TO CMD 1231132/134. TURN-ON OFTHE FILAMENTS (INCLUD ING 
EMI SS ION CONTROLI IS ACCOMPLI SHED BY ONE OF THE TWO CMDS; 

FILAMENT #1 ON: 123/133/134 
F I LAMENT H2 ON: 12411251134 

• 	 123 & 133 FILAMENT#1 ON & MODE SELECT INH IB IT 

THIS COMBINATION OF CMDS, WHEN FOLLOWED BY THE EXECUTE CMD IOCTAL 1341, 
CAUSES POWER TO BE APPLIED TO FILAMENT #l OF THE LMS ION SOURCE AND SELECTS 
RELA Y POS IT IONS SUCH THAT THE FILAMENT BlAS VOLTAGES ARE APPLIED TO THE 
CORRECT FILAMENTS THIS CMD COMBINATION 1123/13311341 HAS NO EFFECT UNLESS 
THE EMISSION/FILAMENTS ARE OFF BY PRIOR EXECUTION OF CMDS 1231132/134; 
SPEC IFICALLY, FILAMENT #1 CANNOT BETURNED ON IF FILAMENT #2 IS ON, ALSO, 
THIS CMD COMBINATION INHIBITS THE MODE SELECT CIRCUITRY; SPECIFICALLY, 
THE MODE OF EMISSION NOT BEING USED CANNOT BE SELECTED WITHOUT FIRST GOING 
TO THE FILAMENT OFF AND MODE SELECT STATE ICMD 1231132/1341. REPEATED APPLICATION 
OF CMD 123/1331134 HAS NO FURTHER EFFECT. APPLICATION OF OPERATIONAL POWER TO 
THE LMS CAUSES INITIALIZATION IN THE FILAMENT-OFF AND MODE SELECT ENABLE STATE. 
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LMS ENCODED COMMANDS [CONT'D) 

OCTAL C_MD LOAD S 

• 124 & 125 FILAMENT #2 ON & MODE SELECT INHIBIT 

TH I S COMB INATION OF CMOS, WHEN FOLLOWED B¥THE EXECUTE CMD (OCTAL 1341, 
CAUSES POWER TO BE APPLIED TO FILAMENT #2 OF THE LMS ION SOURCE AND SELECTS 
RELAY POSITIONS SUCH THAT THE FILAMENT BIAS VOLTAGES ARE APPLIED TO THE 
CORRECT FILAMENTS. THIS CMD COMBINATION (124/l251l341 HAS NO EFFECT UNLESS 
THE EMISSION/FILAMENTS ARE OFF BY PRIOR EXECUTION OFCMDS 1231l321l34; 
SPEC IFICALLY, F1LAMENT#2 CANNOT BE TURNED ON IF FILAMENTHI IS ON. ALSO, 
TH I S CMD COMB INAT ION INH IB ITS THE MODE SELECT CIRCU ITRY; SPEC IFICALL Y, 
THE MODE OF EMISSION NOT BEING USED CANNOT BE SELECTED WITHOUT FIRST GOING 
TO THE FILAMENT OFF AND MODE SELECT STATE (CMD 1231l32/1341. REPEATED APPLICATION 
OF CMD 12411251134 HAS NO FURTHER EFFECT. APPLICAT ION OF OPERATIONAL POWER 
TO THE LMS CAUSES INITIALIZATION IN THE FILAMENT-OFF AND MODE SELECT ENABLE 
STATE. 

• 124 & 127 MULTIPLIER HIGH & BACKUP HEATER ON 

TH IS COMB INAT ION OF CMOS, WHEN FOLLOWED BYTHE EXECUTE CMD (OCTAL 1341, 
STEPS THE LMS ELECTRON MULTIPLIER HV POWER SUPPLY FROM ITS NORMAL (LOWI 
VALUE TO ITS HIGH VALUE, A STEP OF 600 VDC ITWO OPERATIONAL VALUES IN THE 
OUTPUT RANGE OF -2200 TO -3000 VDCI. THIS VOLTAGE IS SUPPLIED TO ALL THREE 
ELECTRON MULTI PLiER TUBES. CMD 124/1271l34 ALSO APPLIES POWER TO THE LMS 
BACKUP HEATER. SELECTION OF THE ALTERNATE COND ITIONS BY CMD IS AS FOLLOWS: 

MULTIPLIER LOW: 124/132/)34 
BACKUP HEATER OFF: 12311241134 

REPEATED APPLICATION OF CMD 124/1271l34 HAS NO FURTHER EFFECT. APPLICATION 
OF OPERATIONAL POWER TO THE LMS CAUSES INIT IALIZATION IN THE MULT IPLiER-LOW 
STATE. THE INITIAL STATE OF THE BACKUP HEATER MAY BE ON OR OFF (UNPREDICTABLEI. 

• 124 & 132 MULTIPLIER LOW 

TH I S COMB INATION OF CMOS, WHEN FOLLOWED BYTHE EXECUTE CMD (OCTAL 1341, 
STEPS THE LMS ELECTRON MULTIPLIER HV POWER SUPPLY FROM ITS HIGH VALUE (IF 
PREV 10USLY COMMANDED HIGH BY 124112711341 TO ITS NORMAL LOW VALUE, A STEP OF 
600 VDC (TWO OPERATIONAL VALUES IN THE OUTPUT RANGE OF -2200 TO -3000 VDCI. 
THIS VOLTAGE IS SUPPLIED TO ALL THREE ELECTRON MULTIPLIER TUBES. REPEATED 
APPLICATION OF CMD 1241132/)34 HAS NO FURTHER EFFECT. APPLICATION OF OPERA­
TIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE MULTIPLIER-LOW STATE. 

• 124 & 133 DISCRIMINATOR HIGH, j-PLATE VOLTAGE STEP ENABLE, & CYCLIC MODE SELECT 

TH I S COMB INATION OF CMDS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 1341, 
CAUSES THE FOLLOW ING CHANGES IN LMS: 

SELECTS THE HIGHER OF THE TWO LEVELS FOR THE PREAMP 
oISCR IMINATOR THRESHOLD CONTROL 


ENABLES THE j-PLATE VOLTAGE SEQUENCER OF THE ION 


SOURCE EMISSION CONTROL SO THAT IT CAN ACCEPT THE 

STEP CMD (123/l251l341 


SELECTS THE CYCLIC MODE OF EMISSION IF IT HAS BEEN 

ENABLED BY CMOS 1231l321l34 


REPEATED APPLICATION OF CMD COMBINATION 124/1331134 HAS NO FURTHER EFFECT. 
THE LOWER OFTHE TWO LEVELS FOR THE PREAMP DISCRIMINATOR THRESHOLD CONTROL 
IS SELECTED, AND j-PLATEVOLTAGE STEP IS INHIBITED, BYCMDS 1241 1271l34. 
APPLICATION OF OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE 
LATTER (LOWIINH IB ITiMODE. 

o 125 & 127 DISCRIMINATOR LOW & j-PLATE VOLTAGE STEP INHIBIT 

THIS COMBINATION OF CMOS, WHEN FOLLOWED BY THE EXECUTE CMD IOCTAL 1341. 

CAUSES THE FOLLOWING CHANGES IN LMS: 


SELECTS THE LOWER OF THE TWO LEVELS FOR THE PREAMP 

DISCRIMINATOR THRESHOLD CONTROL 


INH IB ITS THE j-PLATE VOLTAGE SEQUENCER OF THE ION 
SOURCE EMISS ION CONTROL SO THAT IT CANNOT ACCEPT 

THE STEP CMD 1l23/l25/1341 


REPEATED APPLICATION OF CMD COMBINATION 1251127/134 HAS NO FURTHER 
EFFECT. THE HIGHER OF THE TWO LEVELS FOR THE PREAMP 0 I SCR IMINATOR 
THRESHOLD CONTROL I S SELECTED. THE j-PLATE VOLTAGE STEP ENABLED, AND 
THE CYCLIC MODE SELECTED BY CMOS 12411331134. APPLICATION OF OPERA­
TIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE LOWIINHIBIT MODE 
CORRESPOND ING TO CMD 125/1271134. 
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LMS ENCODED COMMANDS (CONT'D) 

OCTAL CMD LOADS 

• 	 125 & 132 BAKEOUT ENABLE 

TH IS COMB INATION OF CMOS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 1341, 
SELECTS A RELAY POSITION SUCH THAT A SUBSEQUENT COMMAND OFTHE LMS TO STAND­
BY POWERWILL PERFORM BAKEOUT OFTHE LMS SENSOR AND BYPASS THE LMS SURVIVAL 
HEATER, TO DISCONTINUE BAKEOUT AFTER IT IS IN PROCESS, THE LMS MUST BE COMMANDED 
EITHER TO OPERATIONAL POWER OR OFF, PRIOR TO AN LMS STANDBY CMD, REPEATED 
EXECUT ION OF CMOS 12511321134 HAS NO FURTHER EFFECT, TO CANCEL TH IS COMMAND, 
PR lOR TO LMS STANDBY, THE BAKEOUT BYPASS COMMAND 1125/13311341 MUST BE EXECUED, 
WHEN OPERATIONAL POWER IS APPLIED TO THE LMS, FROM EITHER STANDBY OR OFF, IT 
IS POSSIBLE FOR THE RELAYTO RECEIVE SIGNALS DRIVING IT TO THE OPPOSITE POSITION, 
AT LMS TURN-ON, THE BYPASS STATE IS ASSURED BY TRANSMITIING CMD 134 WITH NO LOAO 
IN THE LMS REGISTER; THAT IS, A BINARY READING OF 000000. 

• 	 125 & 133 BAKEOUT BYPASS 

TH IS COMB INATION OF CMOS, WHEN FOLLOWED BYTHE EXECUTE CMD (OCTAL 1341, 
SELECTS A RELAY POSITION SUCH THAT A SUBSEQUENT COMMAND OF THE LMS TO STANDBY 
POWER WILL NOT PERFORM BAKEOUT OF THE LMS SENSOR AND WILL OPERATE THE SURV IVAL 
HEATER. REPEATED APPLICATI ON OF CMD 125/1331134 HAS NO FURTHER EFFECT, IF THERE 
HAS BEEN NO BAKEOUT ENABLE CMD IN BETWEEN, WHEN OPERATIONAL POWER I S APPLIED 
TO THE LMS, FROM EITHER STANDBY OR OFF, IT IS POSS IBLE FOR THE RELA YTO RECEIVE' 
SIGNALS OR IVING IT TO THE OPPOS ITE POS ITION. AT LMS TURN-ON, THE BYPASS STATE 
IS ASSURED BY TRANSMITTING CMD 134 WITH NO LOAD IN THE LMS REGISTER; THAT IS, 
A BINARY READING OF 000 000. 

• 	 127 & 132 OUST COVER REMOVAL 

TH IS COMB INATION OF CMOS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 1341, 
ACTIVATES THE CIRCUITS OF A BURN-WIRE DEVICE FOR A PERIOD OF 12 TO 20 SECONDS 
TO RELEASE THE OUST COVER WH ICH PROTECTS THE LMS THERMAL CONTROL MIRROR, 
THIS BURN-WIRE SEVERS A CORD CAUSING MINIMUM RELEASE OF GAS WHICH COULD 
CONTAMINATE THE LMS SC IENCE MEASUREMENTS, REPEATED EXECUTION OF CMOS 
12711321134 CAUSES REPEATED ACTIVATION OF THE BURN-WIRE. REMOVAL OF THE 
MIRROR COVER IS SCHEDULED AFTER LM ASCENT. PRIOR TO REMOVAL, THE EXTENT 

OF LMS OPERATIONS IS CONSTRA INED BY THERMAL CONTROL LIMITATIONS. 


• 	 127 & 133 ION PUMP ON 

TH I S COMB INAT ION OF CMOS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 134), 
ENERGIZES THE LMS ION PUMP WHICH APPLIES A HIGH-VACUUM PUMPING ACTION 
TO THE LMS GAS ANALYZER (SENSOR). REPEATED APPLICATION OF CMOS 127/1331134 
HAS NO FURTHER EFFECT. IF THE HV POWER SUPPLIES ARE ON (CMOS 123/12411341, THE 
ION PUMP ON CMD, 127/1331134, IS INH IB ITED AND, TO TURN ON THE PUMP, THE HV 
POWER SUPPLY OFF CMD, 132/133/134, MUST BE EXECUTED FIRST. TURN-OFF OF THE 
ION PUMP IS ACCOMPLISHED BY CMOS 13211331134. APPLICATION OF OPERATIONAL 

POWER TO THE LMS CAUSES I N IT IALIZAT ION IN THE PUMP-OFF MODE. 


• 	 132 & 133 ION PUMP, MULTIPLIER, AND SWEEP HV OFF 

TH IS COMB INATION OF CMOS, WHEN FOLLOWED BY THE EXECUTE CMD (OCTAL 134), 
REMOVES POWER FROM THE FOLLOW ING LMS CIRCU ITS: 

ION PUMP 
- ELECTRON MULTIPLIER HV POWER SUPPLY 

- SWEEP HV POWER SUPPLY 


THE ION PUMP IS TURNED ON BY 1271133, AND THE TWO HV POWER SUPPLIES ARE 

TURNED ON BY 123/124 (EACH COMBINATION EXECUTED BY CMD 1341. 


REPEATED APPLICATION OF. 132/133/134 HAS NO FURTHER EFFECT. APPLICATION 
OF OPERATIONAL POWER TO THE LMS CAUSES INITIALIZATION IN THE PUMP AND HV 
OFF MODE CORRESPOND ING TO CMOS 132/133/134. 

1231132/134' 

124/1331134 

125/127/134 
 CYCLIC MODE OPERATION 

1 
1231~~31i341 
1241125/134 
123/1241134 _ 

'REQU IRED ONLY IF A FILAMENT IS ON 

TH IS SEQUENCE OF LMS CMOS ACTIVATES ACYCLIC MODE OPERATION OF THE EMISS ION 
CONTROL CIRCU IT IN WH ICH THE 1350 SWEEP STEPS ARE PROGRAMMED TO OCCUR WITH FOUR 
DIFFERENT VALUES, IN 	SUCCESS ION, OF THE FILAMENT BlAS, AS FOLLOWS: 

FILAMENT BlAS SWEEP STEPS 

-70 VDC FIRST 1350 STEPS 
-18 VDC SECOND 1350 STEPS 
-25 VDC THIRD 1350 STEPS 
-20 VDC FOURTH 1350 STEPS 
-70 VDC FIFTH 1350 STEPS 
ETC. 	 ETC. 

THE SEQUENCE CAN START AT ANY OF THE BlAS VOLTAGES 0 EPEND ING ON PR lOR 
OPERATION OF THE LMS. TO RETURN TO THE FIXED MODE OF OPERATION OF THE EMISSION 
CONTROL CIRCU IT REQU IRES THE FOLLOW ING SEQUENCE OF CMOS: 12311321134, 123/125/134, 
123/1331134 (OR 1241125/1341, AND 1231124/134. 
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LMS DIGITAL DATA 

ALSEP WORD ASSIGNMENT ALSEP WORD 5, EVEN FRAME 

I 2 3 4 5 6 7 8 

C C C LMS CV 
FLAG 
&CV 

9 10 11 12 13 14 15 16 

17 18 19 20 21 22 23 24 
LMS LMS LMS 

CH.A CH.E CH.C 
25 26 27 28 29 30 31 32 

33 34 35 36 37 38 39 40 
HK 
41 42 43 44 45 46 47 48 I 

I 
49 50 51 52 53 54 55 56 I 

57 58 59 60 61 62 63 64 I 

I 
- -

ALSEP WORD 5, ODD FRAME 

EACH BOX REPRESENTS ONE lO-B IT WORD IN 
THE 640-B IT ALSEP FRAME 

DM-18 BAKEOUT HTR 
ENABLE/B YPASS 

DM-17 DUST COVER STA 
DM-16 ION PUMP ON/OFF 

DM-15 AUTO/LOCK STA 
M-14 BKG/CAL OR SWEEP 

DM-13 DISCR 1M HI/LOW 
DM-12 MULT HI/LOW STA 

DM-II FRAME ID (I INDICATES EVEN FRAME) 

C - ALSEP CONTROL WORDS 
CV - ALSEP COMMAND VER IFICATION 
LMS FLAG & CV - STATUS FLAGS & CMD REG STATUS 
LMS CH. A - LOW MASS RANGE COUNT 

ALSEP WORDS 17 WM-03), 19 WM-04), AND 21 WM-05)
I.MS CH. B- INTERMEDIATE MASS RANGE COUNT 
LMS CH.C - HIGH MASS RANGE COUNT 
HK - ALSEP AND EXPERIMENTS HOUSEKEEPING 

MULTIPLEXED TO SAMPLE EACH SOURCE 

ONCE EVERY 90 ALSEP FRAMES (EVERY 4-B IT SH IFT COUNTER 


54 SECONDS AT NORMAL DATA RATE) 
 6-BIT SCIENCE REGISTER DATA 
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LMS ANALOG DATA 
IN THE ALSEP HOUSEKEEPING WORD (WORD 33 OF THE ALSEP FRAME) THREE CHANNELS 
ARE ASS IGNED TO THE LMS. THEY ARE CHANNELS 40, 41, AND 44, READ OUT DUR ING 
THOSE THREE FRAMES OF THE ALSEP 90-FRAME SEQUENCE (ONCE EVERY 54 SECONDS AT 
THE NORMAL DATA RATE). 

• CHANNEL 40 (THIS CHANNEL IS MULTIPLEXED TO PRESENT 16 PARAMETERS) 

MULTI PLEXED 
SEQUENCE 	 CODE PARAMETER 

1 AM-Ol MARKER ID (EIGHT ONES) 
2 AM-02 EXPER IMENT CURRENT 
3 AM-03 ION PUMP CURRENT 
4 AM-04 ION PUMP VOLTS 
5 AM-05 BASEPLATE TEMP4\ 
6 AM-06 ION SOU RCE TEMP 
7 AM-07 +12 VDC LVPS 
8 AM-08 +5 VDC LVPS 
9 AM-09 -12 VDC LVPS 

10 AM-lO -15 VDC LVPS 
11 AM-ll EMI SS ION CURRENT 
12 AM-12 FIL #l CURRENT 
13' AM-13 FIL #2 CURRENT 
14 AM-14 MULT. HIGH VOLTAGE 
15 AM-15 LVPS TEMP 
16 AM-16 SPARE (APPROX. ZERO) 

• 	 CHANNEL 41 READS AM-41, ELECTRONICS TEMP, NOT ONLY WHEN THE LMS IS 
OPERATIONAL BUT ALSO IN STANDBY AND OFF 

• 	 CHANNEL 44 READS AM-44, LMS SWEEP HIGH VOLTAGE 
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LMS INITIAL LUNAR SETUP 


FUNCTIONS COMMENTS 

INSTRUMENT TURN-ON CMD OPERAT 10NAL PWR WITH PRESET HIGH VOLTAGES 
OFF, MON ITOR TM 

DUST COVER REMOVAL . CMD DUST COVER REMOVAL AFTER LM ASCENT; MAY 
BE DELAYED UNTIL AFTER LSP DETONATION 

BAKEOUT OPERATION EXECUTE BAKEOUT ENABLE CMD AND SW ITCH LMS TO 
STANDBY (SUBSEQUENT TURN-ON FOR TM CHECK); 
WILL BE REPEATED FOR TOTAL OF 12 HOU RS 

ION PUMP OPERATION CMD ION PUMP ON TO DETERMINE WHEN PRESSURE 
IS ACCEPTABLE FOR HIGH-VOLTAGE OPERATION 

FILAMENT #1 ON CMD FILAMENT ON AND MONITOR FILAMENT CURRENT 

STEP, MULT, AND SWEEP ON CMD FULL OPERATION AND MONITOR SCIENCE/TM 
DATA (MAKE ADJUSTMENTS AS NECESSARY) 

FULL INSTRUMENT OPERATION FOLLOWS ANY ADJUSTMENTS, ABOVE 
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LSP EQUIPMENT 


CENTRAL ELECTRON ICS - MOUNTED 
INS IDE SUBPACKAGE 1 ­

~ 

\ 1000, 

REMOTE 
TRANSMITTING ANTENNA - MOUNTED ON 

SUBPACKAGE 1 

RECEIVING 
ANTENNA (8) 

RF 
CABLE 

~ ~ 'Y --~ , __ :J 
TRANSPORT MODULES (2) 
CARR lED IN LM 
AND ON LRV~~-~---------------

JULY 72 3270.5.2 



EXPLOS IVE 
PAC KAGES 181 

• TIMERS 
_ THERMAL 

BATTERY 
_ RECEIVER 
_ FIRING 

CIRCU ITS 
• EXPLOSIVE 

TRAIN 

I CENTRAL 
I 
I
I 

-
-TRANSM lITER ILS PREMOTE 

I -LOGIC ITRANSMIITING 
-MUX/CONVERTER IANTENNA 
-GEOPHONE . I 

AMPLIFIERS I 

,--------, 

I 
ElECTRONICS 1 

GEOPHONE{ 
SIGNAL 

POWER CONVERTE I 

lSP SCIENTIFIC SUMMARY 


OBJECTIVES 

METHOD 

ANALYSIS 

RESULTS 

DETERMINE WNAR SURFACE AND 
NEAR-SURFACE RESPONSE TO 
ARTIFICIALLY INDUCED SEISMIC ENERGY 
AND NATURAL SEISMIC PHENOMENA 

ENERGY SOURCES 
_ ARTIFIC IAUEXPLOS IVE 

PACKAGES) 
_ NATURAUMETEOR ITES, ETC.) 

I 

SEISMIC WAVE TRAIN DATA IN TERMS 
OF VELOC ITY, FREQUENCY SPECTRA, 
AND ATTENUATION 

- DEGREE OF INDURATION AND BEAR ING 
STRENGTH OF WNAR SURFACE 

_ TYPE AND CHARACTER OF SURFACE 
AND NEAR-SURFACE ROCKS 

- RELATIONSHIP BETWEEN MARE 
AND HIGHLAND AREAS 

- UNDERSTANDING OF ORIGIN OF 
PRIMORDIAL WNAR SURFACE 

• METEOR ITE IMPACT DATA 
_ MICROQUAKE DATA 

EIGHT PAC KAGES DEPLOYED 
BY CREW AND DETONATED BY 
COMB INATION OF TIMER AND 
RF FIRE PULSES. LOCATIONS 
MUST BE KNOWN FOR DATA 
REDUCTION. 

TR IANGULAR ARRAY OF 
FOUR GEOPHONES PLACED 
BY CREW 

DATA INCLUDES PREC I S ION 
TIMING OF FIRE PULSES 
FROM WHICH DETONATION 
TIME IS OBTAINED 

W 

f
~T~IQr:!. ____ -.J 

ALSEP 	 . 
EARTH/MOON 
COMMUNICATIONS 

LSP 
RECEIV ING 
ANTENNA 

r-------, 

1 ALSEP 
1CENTRAL I 

DATA REDUCTION FOR SEISMIC 
ENERGY VELOC ITY CALCULAT IONS~ 
29.55 SEC EXPLOSIVE PACKAGE 

TRANSMITTER 1 
FIRE PU~SES III 
EXPLOS IVE PACKAGE 
POWER SU PPLYOUTPUT 
(MAX VELOC ITY 
MIN RANGE) 

IMINVELOCITY 
MAX RANGEl 

VELOC ITY • A T 
R 

AT 	 TIME DIFFERENCE BETWEEN GEOPHONE 
ARRIVAL SIGNAL AND LAST PREVIOUS 
TRANSMITTED PULSE 

R • 	 D I STANCE BETWEEN GEOPHONE AND 
EXPLOS IVE PACKAGE 

'I ......--DETONATES 

III III (AGC PULSES 
1 NOT SHOWN) 

I --------~---' n I I 

I I I MIN I •t--­'!l J\ n. ~~... ! 
A;--rr~!IVUV~I 

I I 
I < 29.55 SEC 
~AT-==---.I I 

JULV 72 3270.5.3 



LSP OPERATIONS SUMMARY 


DEPLOYMENT 


.. PLACE EXPLOSIVE TRANSPORT MODULES IN SUN 

• PLACE GEOPHONE MODULE 30 FT SOUTH OF CENTRAL STATION 

EVA 1<~ DEPLOY FOUR GEOPHONES, ONE AT A TIME, FROM GEOPHONE 

MODULE; TWO ALONG SUN LINE AND TWO PERPEND ICULAR TO 

SUN LI NE 


• ERECT LSP TRANSMITIING ANTENNA 37 FT NW OF CENTRAL STATION 

• PLACE TRANSPORT MODULE #l ON LRV 
EVA 2<- AT EACH OF FOUR PRESCRIBED LOCATIONS, PLACE APPROPRIATE 


EXPLOS IVE PAC KAGE ON LUNAR SURFACE WITH RECE IV ING 
 PRELIMINARY 
ANTENNA EXTENDED AND PULL (FOUR PINS) THREE PULL-R INGS CONCE~ 

(e REPEAT STEPS OF EVA 2 FOR TRANSPORT MODULE #2 

EVA 3\ US ING APPROPR lATE PACKAGES/LOCATIONS 


POST-DEPLOYMENT 

• COMMAND LSP OPERATIONAL POWER AND DATA FORMAT 
• INITIATE LSP FIRING SIGNALS (TRANSMITIER PULSES) BY 

COMMAND AT TIME DEPEND ING ON DEPLOYMENT H I STORY 

- TRANSMIT COMMANDS FOR GEOPHONE CALIBRATION 

• OTHER COMMANDS AS NECESSARY 

JULY 72 3270.5.4 



LSP COMMUNICATIONS SUMMARY 
COMMANDS 

• 	 POWER ON/STANDBY/OFF (STANDBY IS EFFECTIVELY OFF FOR LSP) 

• 	 LSP DATA FORMAT 

• 	 DATA RATE (3533. 3 BITS PER SEC IS NORMAL FOR LSP; LOW RATE OF 

1060 BITS PER SEC USED ONLY FOR LISTENING MODE BECAUSE PRO­

PER FIRE PULSES CANNOT BE GENERATED - NETWORK HAS NO PRO­

VIS ION FOR THROUGHPUT OF LOW RATE TO MCC) 


• 	 5 SPEC IAL LSP CONTROL COMMANDS USED FOR: 

- LSP XMTR PULSES ON 


LSP XMTR PULSES OFF 

- AMPLIFIER GAIN NORMAL 

- AMPLIFIER GAIN LOW 

- GEOPHONE CALIBRATE 


• 	 WHENEVER LSP IS ACTIVATED BY POWER ON CMD, XMTR FIRE AND AGC 

PULSES INITIALIZE OFF AND AMPLIFIER GAIN INITIALIZES NORMAL 


DATA 

• 	 IN THE ALSEP DATA PROCESSOR FORMAT, LSP ELECTRONICS TEMPERATURE 

(PARAMETER AP-Oll IS OBTA INED ONCE EVERY 90 ALSEP FRAMES, REGARD­

LESS OF LSP ON/STANDBY/OFF STATUS 


• 	 IN THE LSP FORMAT, ALL SC IENCE DATA FROM OTHER EXPER IMENTS IS BY­

PASSED, AND A SPEC IAL DOWNLINK FORMAT IS GENERATED BY THE LSP 


• 	 THIS FORMAT CONSISTS OF AN 18OO-BIT MAIN FRAME MADE UP OF THREE 

600-B IT SUBFRAMES, EACH HAV ING TWENTY 3O-B IT WORDS 


• 	 IN EACH LSP MAIN FRAME; THERE ARE SIX CRITICALALSEP HQUSEKEEPING 

PARAMETERS (8 BITS EACH), THE REMAINDER IS EITHER LSP DATA (SC IENCE 

AND HOUSEKEEPING) OR SYNCHRONIZATION 


• 	 AT THE NORMAL LSP DATA RATE, EACH SEISMIC DATA CHANNEL IS SAMPLED 

118 TIMES PER SECOND 


JUL Y 72 3270.5.5 



SIZE 

EARTH 

WEIGHT 


LSP PHYSICAL PARAMETERS 


CENTRAL ELECTRON ICS: 6.755 X 6.505 X 2. 8 IN. 

GEOPHONE MODU LE: 9. 84 X 8.665 X 6. 85 IN. 

EXPLOS IVE PAC KAGES (ON TRANSPORT FRAME): 18.39 X 11. 12 X 10.88 IN. 

TRANSMITTING ANTENNA LENGTH: 13 IN. STOWED, 62 IN. DEPLOYED 


TRANSPORT MODULE NO.1: 
TRANSPORT MODULE NO.2: 
CENTRAL ELECTRON IC S: 
ANTENNA AND CAB LE: 
GEOPHONE MODU LE: 
ANCHOR, FLAGS, ETC.: 

TOTAL: 

OPERATIONAL POWER: 6.8 W 
SU RV IVAL POWER: ZERO 

20. 10 LB 
18.66 LB 
3. 70 LB 
5.00 LB 
8. 95 LB 
2.90 LB 

59.31 LB 

JULY 72 3270.5.6 



LSP PERFORMANCE CHARACTERISTICS 
EXPLOS IVE PACKAGES 

• PLACED AT RANGES OF 500 FT TO 3. 5 KM 
• LARGER EXPLOS IVE CHARGES AT LONG-RANGE LOCATIONS 

GEOPHONES (SENSORS) 

• ELECTROMAGNETIC TYPE 

LOGARITHMIC COMPRESSION AMPLIFIERS 
• DYNAMIC RANGE: 	 64 DB TO 78 DB 

GEOPHONE/AMPLIFIER 
• 	 SENS ITiVITY: THE RMS VALUE OF A 6 MILLIMICRON (mp) PEAK-TO­

PEAK SIGNAL AT 10 Hz WILL BE A MINIMUM OF 18 DB 
ABOVE THE RMS NO ISE 

• 	 BANDW IDTH: 3 TO 20 Hz WITH RES PECT TO VELOC ITY (GEOPHONES 
SENSE RATE OF CHANGE IN VERTICAL POS IT ION) 

• DYNAMIC RANGE: 	 64 TO 78 DB 
-


BASIC DATA WORD 

• 	 7-BIT READOUT FROM EACH OF FOUR SEISMIC DATA CHANNELS (GEOPHONEI 

AMPLIFIER) 
• l. 28-DB RESOLUTION PER BIT 

SHOT TIME 
• 	 DETERMINED BY CORRELATING SEISMIC RESPONSE FROM DETONATION OF 

EXPLOS IV£" PACKAGE WITH TIME OF FIRE PULSE SETS; 
TIMING OF EACH FIRE PULSE SET IS SYNCHRONIZED IN 
DATA FORMAT AS WELL AS DETECTED FOR VER IFICATION 
IN TM 

NOTES: 

111 	 ACCURATE DETERMINATION OF SHOT TIME AND RANGE IS 

FUNDAMENTAL IN THE ANALYSIS OF GEOPHONE DATA 


(2) 	 THE VAR IETY OF RANGES AND EXPLOS IVE CHARGES ALLOWS 

INVESTIGATION OF SEISMIC WAVE PENETRATION THROUGH 

SEVERAL LAYERS OF SUBSURFACE MATERIAL DOWN TO 

DEPTHS OF 3 OR 4 KM 


JUL Y 72 3270.5.7 



I 

LSP EXPLOSIVE PACKAGE TIME SEQUENCE 

0::: 

I ­« z>­Z .....Z N 	 ..... U 
~« « N ""' « 3!§ UZ 

V> .....0> > > ""' 01- «(.!)o ..... « ..... « ..... « ..... I ­
II- > > > 	 o:::~..... I- ..... I- ..... zzUo::: 0::: 0::: Z ..... «I ­;:)« 0 « o « o 	 Zz01- z l- z l ­ z ::5~ ;:)0
I- V> ..... V> ..... V> ..... 0..« ....J U 

I I I 

LUNAR ELAPSED o 4 11 26 33 50 57 75 97TiME HOU-RS 1 
90 HR ARMEXPLOS IVE PACKAGE I TIME RUNOUT PERIOD T6 

~91 HR FIRE
92 HR DISARM 

91 HR ARM 

NO.6 (!-LB CHARGE) 

EXPLOSIVE PACKAGE T5 t:!(2 HR FIREI 	 93 HR DISARM 

92 HR ARM 

NO.5 (3-LB CHARGE) 

EXPLOS IVE PAC KAGE T7 ~93 HR FIRE 
NO. 7 (lI2-LB CHARGE) I 	 94 HR DISARM15 HR 


I )NOM) .. I
I 
,- ... 90HR ARM 

EXPLOS IVE PACKAGE T4 ~91 HR FIRE 
NO. 4 (lI8-LB CHARGE) ~--------~---------i11( 92 HR DISARM 

EXPLOS IVE PAC KAGE 

NO. 1(6-LB CHARGE) 


EXPLOSIVE PACKAGE 

NO. 8 (lI4-LB CHARGE) 


EXPLOS IVE PACKAGE 

NO.2 (1I4-LB CHARGE) 


EXPLOS IVE PACKAGE 

NO. 3 (lI8-LB CHARGE) 


I TIME RUNOUT PER 100 T 1 	 ~1 HR ARM
92 HR FIRE 
~ 93 HR DISARM 

T8 93 HR ARM 
17 HR ((;'94 HR FIRE 
(NOM) 95HRDISARM 

I • • ,I~ 

T2 	 92 HR ARM 
t-----------=---------~c/_9~4H~RF~~~ARM 

T 93 HR ARM 
3 0-_94 HR FIRE'If 95 HR DISARM 

JUlY 723270.5.8 



LSP EXPLOSIVE PACKAGE DESIGN 
Ganged Pull Pins . 

• Thermal Battery Timer 

( . • Thermal Battery Firing Pin 
~ S/A Timer'Pull Ring \

'\\ 
S/A Slide Pull Ring 

Thermal Battery Timer 
Receiving Antenna II 

Slide Position Indicator 

Receiver & Signal Processor 
Safe/Arm Slide Timer 

Thermal Battery 

Shorting Plug Firing Pulse Generator 

Test Connector 
~~ 0: =Pu" Pin 14 p;", on 3 Rln,,)~1 

~~;""-.I-__+,- ------ Safe/Arm Slide Assy 

Housing and Charge Assy 

End Denotating Cartridge 

JULY 72 3270.5.9 



LSP EXPLOSIVE PACKAGE FUNCTIONS 


• 	 SAFE/ARM TIMER 
ARMS EXPLOS IVE 
PACKAGE::: 90 HOURS 
AFTER DEPLOYMENT 

• 	THERMAL-BATTERY 
TIMER ACTIVATES 
BATTERYTO SUPPLY 
PWR TO RECEIVER, 
SIGNAL PROCESS lNG, 
AND FIRING CIRCUIT 
:::: 91 HOURS AFTER DEPLOYMENT 

• 	 EXPLOS IVE PAC KAGE 
DETONATES UPON 
RECE IV ING CODED 
RF SIGNAL FROM 
LSP CENTRAL 
ELECTRONICS IF 
SAFE/ARM SLIDE 
PLATE I S IN POS ITiON 
AND THERMAL BATTERY 

IS ACTIVATED 


• 	 SHORTING SWITCH 
ON END DETONATING 
CARTRIDGE IS OPENED BY 
ROLLER ENGAGEMENT 
WITH SAFE/ARM SLIDE 

PLATE 


------------, -, 
I 
I 

FIRING­ . L 
PIN MECHANISM I 

I 
I T + 1 HOUR I 
I ,n I 

I 
I 
I _______ -1 

(2-MINUTE LIFE) 
, I 

THERMAL 
BATTERY 
(W/PRIMER) 

+13 VDC 

L___..r::::t~--,(RF FIRE SIGNAL) .. I C'I"A.IAI I+5 VDC. 
.-----~~I 

FIR ING­
PULSE 
GENERATOR 

ASTRONAUT 
PULL RING 
NO.3 

RF FIRE SIGNAL 
PULSE SETS AND 
AGe PULSES 
FROM LSP 
TRANSMITTER 

.--Tn + 1 HOUR + 2 MINUTES (MAX.) 

ASTRONAUT 
PULL RING 
NO.1 

ASTRONAUT 
PULL RING 
NO 2 

Tn =PRESET TIME (90, 91, 92, OR 93 HOURS) 

JULY 72 3270.5.10 
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LSP EXPLOSIVE PACKAGE SAFETY FEATURES 

• 	 THREE INDEPENDENT EVENTS OCCUR FOR DETONATION 

• 	 RUN-OUT OF SAFE/ARM SLIDE TIMER 
• 	 RUN-OUT OF BATTERY TIMER 
• 	 RAD 10 RECEPTION OF CODED FIR ING SIGNAl(PROPERLY GENERATED ONLY AT 

3533.3-BPS DATA RATE) 

• 	 TIMER PULL PINS WILL PERMANENTLY LOCK IN PLACE IF TIMER STARTS PREMATURELY 

• 	 FIRING PI~ SAFING PULL PIN WILL PERMANENTLY LOCK IN PLACE, PREVENTING THERMAL 
BATTERY 1~ITIATlON, IF THE BAmRY FIRING PIN RELEASES PR lOR TO DEPLOYMENT 

• 	 SAFE/ARM SLIDE PULL PIN WILL PERMANENTLY LOCK IN PLACE, PREVENTING THE SLIDE 
FROM MOVING TO THE ARM POSITION, IFTHE SAfE/ARM SLIDE PLATE RELEASES PRIOR 
TO DEPLOYMENT 

• 	 SAFE/ARM SLIDE IN SAFE POS ITiON 
• 	 PREVENTS PROPAGATION OF EXPLOS IVE TRAIN DETONATION 
• 	 SHORTS END DETONATING CARTR IDGE 

• 	 BATTERY TIMER, PR lOR TO RUN-OUT, OPEN CIRCU ITS THE SIGNAL PROCESSOR AND 
FIRING PULSEGENERATOR POWER LINE 

• 	 THERMAL BAmRY HAS A ONE-TIME OPERATIONAL LIFETIME OF THREE MINUTES MAXIMUM 

• 	 TIMEOUT OF TIMERS MUST COINCIDE WITHIN LIMITS SUCH THAT THE SAFE/ARM SLIDE 
PLATE IS IN THE ARM POS ITiON WHEN THE THERMAL BAmRY IS ACTIVATED 

• 	 FIRING CAPACITORS DISCHARGE THROUGH LEAK RESISTORS IF FIRING SIGNAL IS NOT 
RECEIVED WITHIN THREE MINUTES OF THERMAL BAmRYACTIVATION 

• 	 IF EXPLOSIVE PACKAGE IS NOT DETONATED WITHIN THE TWO-HOUR SAFE/ARM SLIDE 
FIRING WINDOW, THE SLIDE WILL MOVE TO THE RESAFE POSITION (VISUAL INDICATOR 
SHOWS STATUS) 

JULY 72 3270.5.11 
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LSP SAFE/ARM SLIDE PULL PIN 


Ul PULL RING 

UNLOCKED POS ITION 

PULL RING 
RETAINER 

L __ I _____________~_1 

I II 1hI9"1} rf =, ,,"",," I ' 

EXPLOS IVE 
PACKAGE 

EDCHOUSING :> 

PULL RING STEM 
(ROTATED lSOO) 

k~ 

PULL RING 
SPRING 

SAFE/ARM SLIDE 

JUL V 72 3270.5.12 
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LSP EXPLOSIVE TRAIN SAFE POSITION 

EDC 

EDC HOUSI~, < < 

~ 

LEAD 
\ I 
\ I 

"'---, ~PLOSIVE CHARGE 6 POUNDS (MAXIMUM) 
~___ :7 


JU L Y 72 3270.5.13 
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LSP SAFE/ARM SLIDE TIMER 

STEM MA INSPR ING 


ACTUATOR (W IND-SET) ASSY 

BULOVA

STOP/START~ \ / HACK WATCH 

I~ 
ASTRONAUT­

PULL PIN 


RELEASE CAM 
S/A 
TIMING 
DRUM 

S/A 
S/A SLIDE 

ACTUATOR 

SAFING PIN ARMING PIN 
(SPR ING LOADED) (SPR ING LOADED) JULY 72 3270.5.14 
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LSP THERMAL BATTERY TIMER 
MAIN SPRING STEM 

ASSY (W IND-SET) 

BULOVA ACTUATOR 
.. HACK WATCH STOP/START 

GEAR 

SET 


ASTRONAUT_ ~ 

PULL PIN THERMAL BATIERY 
TIMING DRUM 

FIRING PIN ~r 

(S PR ING LOADED) 
ACTUATOR 
LEVER 

LOCKINGTHERMAL 
BATTERY SWITCH (2) LEVER JULY 72 3270.5.15 
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LSP EXPLOSIVE PACKAGE ELECTRONICS DIAGRAM 


r-----RECEiVffi----l------------;;---SIGNALPROCESSQR-- - -------- -l---FIRINGPULsE--' 

I I ~ 	 I GENERATOR 

ANTENNA i AGC PEAK 	 I I 


I ® I

I I I 

I I I 

I I I 


I I 	 @ I 

I I A.. I ·1 BANDPASS l I THRESHOLDl riiELAYl CD 1...____ .__ -' I 

IV X 

® 101 THRESHOLD DETECTOR 
III OUTPUT 

®10l 12.55TL-J L-J L--NOISE GATE
I I 

III I I 
I I

©10l I' I 13.8 T -II I PULSE GATE (LOG Ie ENABLE)I I I 

III I I 

---, 
I 
I 
I 
I 
I 
I 
I 

SHORTING 
SWITCH 

~X 
@10l ~ 	

I ~ NOISE INHIBIT LATCH 

I 
 I 


III 


®10l 1- BiTTCOUNT
I 


51 ·r NOTE: 
T' 0.283 MILLISEC 

III 	

t~4.25T-t®10l BIT 2 COUNT 
III 0 

® 101 	 I2R FIRE PULSE 

THERMAL 
BATIERY 
TIMER 

I 

I 

I 

I


_J 

JULY 72 3270.5.16 
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LSP TRANSMITTER PULSE TIMING- _. - ­

START OF END OF 

FRAME FRAME 


I •. I MA IN FRAME (180011 ~ .. I 


SUBFRAME 3 • I • SUBFRAME 1 I .... SUBFRAME 2 'I' SUBFRAME 3 • I • SUBFRAME 1 
~(6OOT) 

FIRE 
PULSE AGC 

AGC SET PULSE 
PULSE (FIG. A) (FIG. B) 

_ .....J I I IINOTE 11 I 

// I ~9T 
~~T 

T = 0.283 MILLI SEC = 1CLOCK PULSE WIDTH 
2T = 0.566 MILLISEC . 12T 
3T = 0.849 MILLISEC 

12T 	 = ~~!!~3. 40 MILLI SEC 
83T = 23.49 MllllSEC 

359T = 101. 6 M ILLI SEC 
-6ooT = 169.8 MILLISEC 
lSOOT =504. 4 M ILLI SEC 

13T t1 3T r 

(6ooT) (6ooT) 

AGC 
PULSE 
AGC AGC 

PULSEPULSE 

IltIDTE 11 I "p.... ­J }) 
600T 600T~T 

NOTES:-1 	 I-T 

Jl 

1. FIRE PULSE SETS OCCUR ONCE EVERY 


58 FRAMES m4 SUBFRAMES) 

(58 FRAMES =29.55 SEC) 


~. 	 AGC PULSE OCCURS ONCE PER ?UBFRAME 
(169.8-MILLISEC INTERVALS) 

FIG. A FIG. B 3. TIMING SHOWN APPLIES ONLY 

FIGURE PULSE SET AGC PULSE TO 3533. 3 BPS CLOCK RATE 
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LSP EXPLOSIVE PACKAGE ELECTRONICS CONFIGURATION 


SHORTING 
CONNECTOR 

EDC 
SHORTING 

FI RING PU LSE 
GENERATOR 

SWITCH 


JULY 72 3270.5.18 
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LSP THERMAL BATTERY 


MICA INSULATOR ---....., 

CERAMIC FIBER -----, 
INSULATORS 

MICA INSULATOR 

CERAMIC FIBER 
INSULATOR 

PYROFUSE 

, 
I 

\ 
-~--

CELL STACK 
FUSE STR I P 

TYPICAL 
CELL 

MON ITOR C I RCU IT WITH 
ASBESTOS SUPPORT 

} 

HEAT PELLH---J 

BATTERY COVER 

MICA INSULATOR 
ASBESTOS INSULATORS 

L----MICA INSULATOR 

ASBESTOS INSULATOR 

JULY 72 3270.5.19 
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LSP CENTRAL ELECTRONICS DIAGRAM 

+28 VDC+29 VDC OPER PWR 


POWER +12 VDC 

+29 VDC RTN 
 CONVERTER + 5 VDC 

-12 VDC 

ALSEP 

PDU 


GEOPHONE IREMOTE-! A ~ 
+12 VDC EXC ITAT ION INPUTS (BALANCED) I ANTENN~FIR ING 

ANALOG SIGNAL ~ L_ PULSE SETS_J 
CONTROL 	 AND AGC 

PULSES 

ALSEP 

()COMMAND LINES (5) 

CLOC K 1 (oUTPUT DATA RATE) 3533. 3 OR 1060 BPS 

CLOCK 2 (SUB-BIT TIMING) 28.266 KHz 

,.....LJ......J-'--,-,-....., SIGNALS. 

8-B IT 

TRANSMITIER 
L-___--' 

STATUS 
SIGNALS 
(FLAGS) 

TO 

ADP 
 EXPLOS IVE 

PACKAGES 

ALSEP HOUSEKEEPING (6 LINES PLUS ONE SPARE) 

LSP HK (5 LINES) 

ALSEP { 
CMD 
DECODER 

ALSEP 

DDP 


DIGITAL OUTPUT DATA 

(7-BITSCIENCE,8-BITENGINEERING) 


JULY 72 3270.5.20 
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LSP CENTRAL ELECTRONICS CONFIGURATION 


r-------, 
COVER 

T 
I DIGITAL PROCESSOR 

REMOTE 16-CHANNEL MULTI PLEXER 
LOGAR ITHMIC

TRANSMITTING AND AID CONVERTER ~ 
COMPRESS ION 

L _______ ANTENNA .J AMPLIFIERS' 

<D TEMP SENSOR (DP-14) 

® TEMP SENSOR (AP-Ol) 

JULY 72 3270.5.21 
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LSP POWER CONVERTER 


+28 VDC 
+12 VDC 
+5 VDC 
-12 VDC 

Tt.'1 VUV vt'tl'( t'VVI'( 
POWERALSEP{ 

PDU ... OSC ILLATOR 
VOLTAGE 

+29 VDC RTN REGULATOR 

RECTIFIERS 
AND 
FILTERS 

ADC CAL 1. 25 VOLTS to P-UZ) 

LS P + 12 VDC (D P-03)
SENSOR 

ADC CAL 3. 75 VOLTS (DP-05)CIRCU ITS 
LSP INTERNAL TEMP (DP-14) 

LSP 
16-CHANNEL 

~ MULTI PLEXER 
AND AID 
CONVERTER 


JULY 72 3270.5.22 
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LSP TRANSMIT-TER­
XTAL 
OSC 

FREQ 
DOUBLER 

PIN 
FINAL 

CONTROL I
AND TRIGGER SIGNAL 
DIGITAL 
DATA .....----' 

lLSP 
RF OUTPUT. REMOTE 

ANTENNA 

CONTROL 
AND 

FIRE • DIGITAL 
}PULSE DATA 

PROCESSOR STATUS PROCESSOR 

!DP-201 

OPERATION 	 RF LINK PARAMETERS (WORST CASEI 

• 	 USES A PULSED CARR IER-WAVE (CW) FREQUENC Y, MHz 41.2 
TYPE TRANSMI SS ION PEAK XMTR POWER, WAITS !O (MINIMUM) 

• 	 WHENEVER OPERATIONAL POWER IS XMTR FIRING PULSE. MILLISEC 0.566 

APPLIED TO THE LSP, THE CRYSTAL XMTR AGC PULSE, MILLISEC 0.283 

OSCILLATOR IS ON BUT OUTPUT IS RCVR NOISE FIGURE, DB 7 

NOT MODULATED UNTIL COMMANDED RCVR BANDW IDTH, KHz !O 

TO RF PULSES MODE SIG PROC BANDWIDTH, KHz 5 


• 	 EXECUTION OF THE "PULSES ON" CMD XMTR ANTENNA GA IN, DB o 

CAUSES A CONTINUOUS SERIES OF RCVR ANTENNA GAIN, DB o 

TRIGGER SIGNALS, UNTIL THE "PULSES XMTR ANTENNA HEIGHT, IN. 63 

OFP' CMD IS RECEIVED WITH THE FOL­ RCVR ANTENNA HEIGHT, IN. 60 

LOWING TIMING: XMTR ANT PROXIMITY LOSS, DB 3 


- ONE PULSE FOR 0.283 MILLISEC, RCVR ANT PROXIMITY LOSS, DB 7 
COINC ID ING WITH THE 359TH RANGE, KM 3.5 
BIT IN EVERY LSP SUBFRAME 
(EVERY 169.3 MILLISECONDS) 

-	 A FIRE PULSE SET CONSISTING 

OF THREE PULSES OFO.566MILLI­

SEC EACH SP(lCED 0.849 MILLISEC 

APART, COINC 10 ING WITH THE 

FOLLOWING BIT PAIRS IN THE LSP 

FRAME (AT 58-FRAME INTERVALS): 

84-85, 89-90, AND 94-95 


• 	 THE ONE-B IT PULSES SET RECEIVER AGC THRESHOLD 
• TRANSMISSION OF FIRE PULSE SETS ARE INDICATED IN TM, DP-20, 

(B ITS 89-90) THROUGH A D lODE DETECTOR AT THE TRANSMITIER 
OUTPUT 

• DETONATION OCCURS ON THE LEAD ING EDGE OF THE THIRD PULSE 
JULY 72 3270.5.23 



GEOPHONES 
(BALANCED 
INPUTS) 

CONTROL 
AND 
DIGITAL 
DATA 
PROCESSOR 

LSP 

POWER 
CONVERTER 

·LSP SEISMIC AMPLIFIERS 


SEISMIC SIGNAL 1 ~ : ICALIBRATION 

AND 

SEISMIC SIGNAL 2 CALI BRAT ION 
AND 

AMPLIFIER 

+--+1~'~I AMPLIFIER 

I 

LOGAR ITHMIC I 
COMPRESSOR 

LOGAR ITHMIC I 
COMPRESSOR 

SEISMIC SIGNAL 3 - ~ :1 ~~~IBRATION 
AMPLI FIER 

OUTPUT 1 

LOGARITHMIC I OUTPUT 2 
COMPRESSOR 

16-CHANNEL 
MULTIPLEXER 
AND AID 
CONVERTER

3 • 

SEISMIC SIGNAL 4 ~ It: r~~~IBRATION 
LOGAR ITHMIC L1 
COMPRESSOR 

CAL ENABLE SIGNA 

{ 
NORMAL SEL SIGNAL 

GAIN 
LOW SEL SIGNAL CONTROL 

AMPLIFIER 

+9.5 VDC. +12 VDC 

{-12 VDC I I -9.5 VDC"""ULnIV" 

• 
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- 7771 

LSP GEOPHONEjAMPLIFIER RESPONSE 


co 
c 
LLJ 

V') 


z 
o 
a. 
V') 

LLJ 

e:::: 

+2 DB 


oDB~:z.)... '" '" '" '" '" ~7}rrrrr/
-4 DB'IL.zL~Z-:L77 

I 

I 

I 

I 

I 

I 
I 


I 


1.0 3.0 10 20 100 
FREQUENC Y, Hz 
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LSP ANALOG MULTIPLEXER/CONVERTER 

16=GHANNEL ANALOGMU LT i'PLEXER


i [ANALOGI I 

SEISMIC /GEOPHONE OUTPUT 11 IGATE 1 I I 

AMPLIFIER" 1 I I IANALO"? I 


DP-02 I \ liGATE 5 I I 

ENG 

DATA 

1 1 I ANALOG GATES 2, 3, AND 4 

DP-03 \ I I I ARE IDENTICAL TO 1AND S 


1 I I I

INPUTS 


AE-24 \ I I I I 
I I I I I

\ L_ I I 


SEISMIC fGEOPHONE OUTPUT 2\ I I I 

AMPLIFIER \{ DP-05 1 I I [ANA LOG-TO-DTGi TAL CONVERTER - ---, 


ENG AE-03 I I I I 

DATA AT-16 I I I 

INPUTS 1 I I I 


SEISMIC /GEOPHONE OUTPUT 31 I RAMP I 

AMPLIFIER "{ DP-lO I I I 


ENG AE -04 I I I I 

DATA AB-04 I I 

INPUTS 1 I I I 


SEISMIC /GEOPHONE OUTPUT 41 I I I II 

AMPLIFER \{ DP-14 I I I I 


ENG SPARE I __I 1 8-BIT 

DATA AB-OS I I I IDIGITAL 

INPUTS I I I 
 DIGITAL\ I OUTPUT 

. DATA
CONTROL {MUX ADDRESS SIGNALS (16) GATING I I I 
AND LOGIC I L . } PROCESSOR 

DIGITAL AID START L ______ ~ - ----- ­
DATA . 
PROCESSOR 
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LSP CONTROL AND DIGITAL DATA PROCESSING 


0­
\.AI 

ALS 
DD 

ALSEP 
CMD 
DECODER 

CLOCK 1 
(OUTPUT DATA RAlt) 
3533. 3 OR 1060 BPS 

CLOCK 

PULSE 

LOGIC 
 t-­ ~ CLOCK 2 

(SUB-B IT TIMING) 
28.266 KHz 

BIT 
INCREMENT 
COUNTER 

DECODER AID START SIGNAL 

AND AID READ SIGNAL 
GATING MUX ADDRESS SIGNALS (16) 

8-B IT DIG ITAL DATA 

MUX ADDRESS 
MULTIPLEXER SYNC WORD 
CHANNEL GENERATOR 

,-- ADDRESS 
DECODERS ,- LOGIC SUBFRAME 101. 

\ 

BIT 
GENERATOR 

h 	 I----- DATA f--
WORD ROUTING STATUS SIGNALS (FLAGS)------

~CONTROL SIGNALS LOG ICSUBFRAME 

.~ ~ 
FRAME 

ENG INEER ING GEOPHONE 
DATA DATA 
REGISTER REGISTER 

} 

1 , 
BIT 

r-----­
WORD 


f------­
SUB FRAME 

r----­

FRAME -
I\ . DATATRANSMITTERCOUNTERS HOLD r-- ­r--­GATE -

REGISTER 
CLOCK t i t 

TR IGGER SIGNAL 
} LSP TRANSMITTER 

NORMAL GA IN SEL SIGNAL 

LOW GAIN SEL SIGNAL SEISMIC}'"AMPLIFIERSCAL ENABLE SIGNAL 

DIGITAL OUTPUT DATA 


LSP PULSES ON 

156 

LS P PU LSES OFF
162 

LSP GAIN NORMAL SEL CMD
163 

LOGIC 
LSP GA IN LOW SEL

164 

170 LSP GEOPHONE CALIBRATE 

LSP 
ANALOG 
MU LT IPLEXER 
AND 
CONVERTER 

• 	 GEOPHONE 
CAL 

• 	 GEOPHONE 
AMP 

GAIN 


• 	 XMTR 
FIRE 
PULSES 
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PLUNGER 

GRIP RING 

LSP REMOTE ANTENNA 
FULLY 

RF CONNECTOR DEPLOYED 

69 IN.INTERFACE WITH 
SUNSHIELD MOUNT 
AND HFE SUB PALLET 

HFE SUBPALLET 
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LSP POWER SUMMARY 


FUNCTION 

-
POWER, WATIS 

. COMMENTSINCREMENT TOTAL 

BAS IC EXPER IMENT 5.3 5.3 

-

STARTUP TRANS lENT OF LESS 
THAN 13 WATIS FOR LESS 
THAN 2 M I LLI SEC 

PASSIVE LISTENING MODE 0 5.3 SAME AS BAS IC EXPER IMENT 

GEOPHONE CALI BRATION PULSE 0.8 . 6. 1 
CAL PULSE OPERATES FOR 
APPROX 1. 5 SEC FOLLOW ING 
EXECUTION OF COMMAND 

TRANSMITIER FIRE PULSES 
(NOT CALI BRAT ING) O. 7 6.0 

ENERGY STORAGE (CAPAC ITORS) 
REQU IRE 0.6 TO O. 8 WATI 

i 

TRANSMITTER FIRE PULSES 
(W ITH GEOPHONE CALI BRAT ION) 

.­ ----­ ---­

0.8 6.8 
-

, 
APPROX 1. 5 SEC EACH TIME 

- -­

NOTE: THERE IS NO STANDBY POWER (SURVIVAL HEATER) FOR THE LSP 
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LSP ANTENNA AND GEOPHONE DEPLOYMENT 

ANTENNA 

• 	 RELEASE ANTENNA AND CABLE 
REEL FROM SU BPAC KAGE 1 

• 	CARRY 37 FT NORTHWEST OF 
CENTRAL STATION 

• 	EXTEND ANTENNA TO FULL LENGTH 

• 	ATIACH TO HEAT FLOW SUBPALLET 
TO PROVIDE BASEPLATE 

• 	ALIGN VERTICAL AND CHECK 
STAB ILiTY (PRESS ON SUBPALLET 
WITH BOOT IF NECESSARY) 

LSP 

REMOTE 
ANTENNA -----.. 

EXP~ \ 

PACKAGES \
, 

\ 
300FT~ 

GEOPHONES 

• 	RELEASE GEOPHONE MODULE FROM SUB PACKAGE 1 
AND ENGAGE UHT WITH CARRY SOCKET 

.CARRY 30 FT SOUTH OF CENTRAL STATION, PLACE ON 
SURFACE, AND ENGAGE UHT HANDLE WITH COVER PULL RING 

.REMOVECOVER, 	RETAIN STAKEIFLAGS, AND DISCARD 
COVER 

• 	SECURE MODULE WITH STAKE/FLAG, RETA IN ONE FLAG 

(INSERT UHT THROUGH FLAG RING), AND ENGAGE UHT 

WITH GEOPHONE NO. 1 REEL 


• 	CARRY 150 FT EAST, INSERT GEOPHONE IN SURFACE, 
DISCARD REEL, AND INSTALL FLAG SECUR ING GEOPHONE 

• 	REPEAT GEOPHONE/FLAG INSTALLAT ION FOR GEOPHONE NO.2 
150 FT WEST OF MODU LE 

• 	REPEAT GEOPHONE/FLAG INSTALLATION FOR GEOPHONE 

NO.3 88 FT SOUTH OF MODULE 


• 	REPEAT GEOPHONEIFLAG INSTALLATION FOR GEOPHONE NO.4 
260 FT SOUTH OF MODU LE 

PHOTOGRAPH ARRAY 

:U;tJ
N 

GEOPHONE 
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·LSP EMPLACEMENT CRITERIA 

COMPONENT PARAMETER REQU IREMENT PRIORITY INDICATOR COMMENTS 

REMOTE 
ANTENNA 

LOCATION 
AND 
SITE 

37 +7 FT NORTHWEST 
OF CENTRAL STATION 
ON HOR IZONTAL 
SURFACE 

CABLE 
LENGTH 
AND 
VISUAL 

45-FT CABLE 
SURFACE MAYBE 
PAC KED OR SMOOTHED 
WITH BOOT 

LEVEL STABILITY VISUAL ON HFE SUBPALLET 

ALIGN NONE OMN IDIRECTIONAL 

GEOPHONE 
MODULE 

LOCATION 
AND 
SITE 

30 +5 FT SOUTH 
OF CENTRAL STATION 
ON HOR IZONTAL 
SURFACE 

PACING, 
CABLE 
LENGTH, 
AND 
VISUAL 

MIDDLE OF BASELINE 
FOR GEOPHONE TR IANGLE, 
PACK SURFACE, AVOID 
CRATERS, SLOPES, AND 
ROCKY MATERIAL 

LEVEL STABILITY VISUAL 

ALIGN ALONG SUN LINE ARROW 

GEOPHONES 

LOCATION 
WRT 
GEOPHONE 
MODULE 

1 150 FT EAST 
2 150 FT EAST 
3 88 FT SOUTH 
4 260 FT SOUTH 

CABLE 
LENGTH 
AND 
VISUAL 

PLACE A FLAG WITH 
EACH GEOPHONE; MAKES 
3()()-FT TR IANGULAR 
ARRAY WITH ONE 
GEOPHONE IN CENTER 

SITE AVOID CRATERS, SLOPES, 
AND ROCKY MATER IAL 

LEVEL VERT ICAl + .,0 VISUAL 
PACK SURFACE 
FOR STAB ILITY 

ALIGN NONE PHOTOGRAPH ARRAY 

NOTES: (l) SEPARATE CR ITER IA FOR EXPLOS IVE PAC KAGES 
(2) GEOPHONE CABLE AND LSP ANTENNA CABLE 

SHOULD NOT BE DEPLOYED PARALLEL TO 
EACH OTHER OR TOUCH 
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LSP EXPLOSIVE PACKAGE INTERIM STOWAGE 
• 	 LM WILL LAND WITH SUN AT AN ANGLE BETWEEN 15° AND 75° FROM THE NORMAL TO 

QUAD III 


NOTE 


LM RIGHTHAND PALLET AND LSP TRANSPORT FRAMES CAN NOT BE 

EXPOSED TO DIRECT SUNLIGHT WH ILE REMA IN ING IN QUAD III 

BECAUSE 


- WITH THE SUN 150 FROM THE NORMAL, THE LSP TRANS­
PORT FRAMES WILL REACH A TEMPERATURE 2670 OR 
GREATER. AT 75°, THE TEMPERATURE WILL BE 121°F 
OR GREATER 

-	 IF THE RIGHTHAND PALLET WERE TO BE SHADED BY 

QUAD III SIDE CURTA IN, THE TEMPERATURE OF THE 

LSP TRANSPORT FRAMES WOULD RANGE BETWEEN 

320F AND 210F BETWEEN EVA 1AND EVA 2 


• 	 THE RIGHTHAND PALLET MUST BE REMOVED FROM QUAD III AND PLACED ON THE LUNAR 
SURFACE IN THE SUN, WITH LSP PACKAGES FAC ING THE SUN, AT LEAST 10 HOURS PR lOR 
TO THE LRV STOWAGE . 

• 	 THE LSP TRANSPORT FRAME REMA IN ING FOR DEPLOYMENT DUR ING EVA 3 MUST REMA IN 
ON THE LUNAR SURFACE IN DIRECT SUNLIGHT UNTIL ITS STOWAGE ABOARD LRV 
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LSP THERMAL CONSTRAINTS ON LRV 
• THE SAFE-ARM AND THERMAL-BATTERY TIMERS MUST BE +4QoF WHEN 

TIMERS ARE ACTIVATED. 

• SINCE TIMER ACTIVATION MAY OCCUR ANY TIME DUR ING LRV MISS ION, 
HIGH-EXPLOS IVE BASEPLATE TEMPERATURES MUsr NEVER DROP BELOW 
+4QoF DUR ING AN EVA. 

• BECAUSE LSP TRANPORT FRAMES ARE CONDUCTIVELY ISOLATED FROM 
THE TOOL PALLET, TRANSPORT FRAME EQU ILlBR IUM TEMPERATURES TEND· 
TO BE INDEPENDENT OF TOOL PALLET TEMPERATURES. 

• THE LSP HIGH-EXPLOS IVE BASEPLATE INTERFACES WITH LSP TRANSPORT 
FRAME THROUGH STAINLESS STEEL SPRING PINS WHICH RESIST HEAT 
LEAK TO TRANSPORT FRAME. TH IS DES IGN ALLOWS 45 MINUTES OF LRV 
SHADE EXPOSURE WITH NO ADD ITIONAL MEANS OF HIGH-EXPLOS IVE 
PACKAGE ISOLATION. 

• LSP TRANSPORT FRAME ASSEMBLY TEMPERATURES MUST BE BETWEEN 
+90oFAND +l85oFAT THE TIME OF STOWAGE ABOARD LRV IN ORDER TO 
MEET THE LRV SHADE REQU IREMENT. 
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LSP EXPLOSIVE PACKAGE DEPLOYMENT 

• REMOVE EXPLOSIVE PACKAGE TRANSPORT MODULE, ON LM 

PALLET, FROM LM AND PLACE IN SUN PR lOR TO DEPLOYING 
PREPARATlON.e GEOPHONES AND REMOTE ANTENNA 

• 	 USE UHT TO ROTATE ASTRO SW-2 CW TO OPERATIONAL 
POS IT ION. AFTER DEPLOYING GEOPHONES . i · RELEASE PULL RING FOR TRANSPORT FRAME 

• REMOVE PULL PIN SECURING TRANSPORT FRAME TO LM PALLET 
INSTALLATION • REMOVE TRANSPORT FRAME, WITH FOUR EXPLOSIVE PACKAGES, 
ON LRV AND TRANSFER TO LRV 

• 	 ENGAGE LATCH TO SECURE FRAME ON LRV . 

• 	 TRAVERSE TO EXPLOS IVE PACKAGE DEPLOYMENT SITE 
(LOCATIONS ARE 160 TO 3500 METERS FROM ALSEP CENTRAL 
STATION) 

• 	 REMOVE CAMLOC K SECUR ING EXPLOS IVE PAC KAGE TO 
TRANSPORT FRAME BY ROTATING CAMLOCK CW (oISCARD 
CAMLOCK) 

PACKAGE ~. GRASP EXPLOSIVE PACKAGE HANDLE AND LIFT FROM FRAME 
EMPLACEMENT • EXTEND ANTENNA, REMOVE PULL RING NO. l(SAFE/ARM 
(TYPICAU TIMER), ROTATE AND REMOVE PULL RING NO.2 (SAFE/ARM 

SLIDE), AND REMOVE PULL RING NO.3 (BATTERY TIMER 

AND FIRING PIN) 


• 	GRASP ANTENNA AND LOWER EXPLOS IVEPACKAGE TO 

SURFACE IN STABLE POS ITION 


• 	 AVOID LARGE ROCKS OR SLOPES THAT WOULD-SHADOW 

PACKAGE 


• 	 REPEAT FOR OTHER THREE PACKAGES ONTHIS TRANSPORT 

FRAME AND FOR THE OTHER TRANSPORT FRAME OUR ING 


JULY 723270.5.35
EVA 1, 2, AND 3 

http:723270.5.35


LSP COMMANDS 


OCTAL CMD NUMBER 

• 156 	 LSP PULSES ON 

THIS CMD IS REQUIRED TO ACTIVATE THE PULSE FUNCTION OFTHE41.2-MHZ 
LSP XMTR WH ICH TRANSMITS TIME-CODED FIRE PULSE SETS (3 PER SET) AT 29. 55-SEC 
INTERVALS AND AGC PULSES ONCE PER LSP SUBFRAME (169.8 MILLISECI. ONE FIRE 
PULSE SET WILL TR IGGER DETONATION OF AN EXPLOS IVE PACKAGE PROV IDED THAT 
TIMER-CONTROLLED FUNCTIONS IN THE EXPLOS IVE PACKAGE ARE IN THE PROPER 
CONFIGURATION TO ACCEPT, ARM, AND EXECUTE THE FIR ING INPUT. AGC PULSES 
DESENS IT IZE THE EXPLOS IVE PAC KAGE RECE IVER TO AMB lENT NOI SE AND EM I. CMD 156 
IS TO BE TRANSMITIED TO SWITCH THE LSP XMTR PULSE FUNCTION ON FROM A TIME 
90 MINUTE~ BEFORE THE FIRST NORMAL ARM TIME THROUGH THE DETONATION OF THE LAST 
EXPLOSIVE PACKAGE IN EACH GROUP OF FOUR. PRESENCE OF LSP XMTR PULSE FUNCTION 
IS READ OUT IN THE LSP TM. REPEATED APPLICATION OF CMD 156 HAS NO FURTHER 
EFFECT. 

• 	 162 LS P PU LSES OFF 

THIS CMD DEACTIVATES THE PULSE FUNCTION OFTHE LSP XMTR IFTHE FUNCTION 
WAS ACTIVATED BY APPLICATION OF A CMD 156. REPEATED APPLICATION OF CMD 162 
HAS NO FURTHER EFFECT. WHEN THE LSP IS ACTIVATED BY APPLICATION OF OPERATIONAL 
POWER, THE LSP XMTR PULSE FUNCTION WILL BE IN THE DEACTIVATED MODE. 

.163 	 LSP GAIN NORM 

TH IS CMD SWITCHES THE FOUR LSP GEOPHONE AMPLIFIER CHANNELS BACK TO 
THE NORMAL, HIGH-GA IN MODE, IF THE AMPLIFIER HAD BEEN SW ITCHED TO THE LOW 
GAIN MODE BY APPLICATION OF A CMD 164. THE RATIO OF NORMAL TO LOW GAIN IS 
NOMINALLY 10 BUT MAY VARY FROM 8 TO 12.5 (20 :!:.2 OBI. REPEATED APPLICATION OF 
CMD 163 HAS NO FURTHER EFFECT. WHEN THE LSP IS ACTIVATED BY APPLICATION OF 
OPERATIONAL POWER, THE LSP WILL BE IN THE GEOPHONE AMP NORMAL GAIN MODE. 

• 	 164 LSP GAIN LOW 

THIS CMD IS REQUIRED TO SWITCH THE FOUR LSP GEOPHONE AMPLIFIER 
CHANNELS TO THE LOW-GA IN MODE OF OPERATION. THE RATIO OF NORMAL TO LOW 
GAIN IS NOMINALLY 10 BUT MAY VARY FROM 8TO 12.5 (20:!:.2 OBI. REPEATED 
APPLICATION OF CMD 164 HAS NO FURTHER EFFECT. 

• 	 170 LSP GEO CAL 

THIS CMD CAUSES THE SEISMIC DETECTION SYSTEM TO SWITCH TO THE CALIBRATION 
MODE FOR APPROX IMATELY 1.5 SEC. TH IS PRODUCES A RELATIVE CALI BRATION OF ALL FOUR 
GEOPHONE CHANNELS FOR COMPARISON TO AN ABSOWTE PREFLIGHT CALIBRATION, TO 
DETECT ANY CHANGES IN SUCH PARAMETERS AS GEOPHONE RESONANT FREQUENCY AND SYSTEM 
SENSITIVITY. THE CALIBRATION SIGNAL IS FIXED, SHOWING LOWER RESPONSE AT LOW GAIN. 
REPEATED APPLICATION OF CMD 170 CAUSES REPEATED SW ITCHOVERS TO THE CALIBRATION 
MODE. 
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lSP DIGITAL DATA FORMAT 


LSP 
MAIN 
FRAME 

GEOPHONE 1 GEOPHONE 2 GEOPHONE 4 ENGINEERING 
DATA AND 

STATUS FLAGS 

SUBFRAME < 
1 

SUSFRAME 
2 

"-

SUBFRAME< 
3 

LSP LSP BIT POSITION 
WORD Ii 2 I 3 I 4 I 5 I 6 I 7 sl 9 110 lu112113114 15 116117 11S1191 20 121 2212312412512612712s 29 1 30 

1 DP-17 1 'DP-Ol T DP-Q6 I DP-ll I DP-16 

2 DP-Ol DP-06 DP-U DP-16 DP-lSIDP-19 

3 " " " " DP-20 

4 " " 

'--"-~ 
" " DP-02 

--
5 ------ ---- " " " --, 

~- -

-- ._11 "-- " " ---. -- '---
IS " " " 

._-, 
" " 

19 " " " " " 
20 " " " " DP-21 

1 DP-17 T DP-Ol T DP-Q6 I DP-ll I DP-16 

2 DP-Ol DP-Q6 DP-ll DP-16 DP-lSIDP-19 

3 " " " " DP-20 

4 " " " AE-03 - --
5 ~ "~ 

::::::==- " 
" " " 

" ~--

19 " " " " " 
20 " " " " DP-21 

1 DP-17 I DP-Ol I DP-Q6 I D P-ll. I DP-16 

2 DP-01 DP-06 DP-ll DP-16 DP-1SIDP-19 

3 ~ " ' 
-

===--~ DP-20" " 
~~" ~- -" " 

16 " " 
17 " " 
18 " " 
19 " " 
20 " " 

" 
" 
" 
" 
" 

GEOPHONE 3 

" AS-OS 

" " 
" " 
" " 

" DP-21 

" ~ 
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LSP DIGITAL DATA 
• IDENT ICAL FORMATS 11800 BITS-PER-MA IN-FRAME) IN EITHER OF TWO DATA RATES: 

3533: 3-BPS (NORMAL) OR 1060-BPS (LOW); 1060 IS NOT THROUGHPUT BY MSFN TO 
HOUSTON 

• 	 EACH SUBFRAME (600 BITS) CONTAINS THE FOLLOW ING PARAMETERS: 

DP-17; FRAME SYNC, (00001ll01ll MODIFIED BARKER CODE IN FIRST 10 BITS 
DP-01, DP-06, DP-ll, AND DP-16; GEOPHONE DATA (TRUNCATED TO 5 MOST SIGN IFICANT 

BITS IN LSP WORD 1 OF EACH SUBFRAME AND TO 7 
MOST SIGN IFICANT BITS IN WORDS 2 THROUGH 20) 

DP-18; GEOPHONE CALIBRATION PULSE ON/OFF (IN BIT 59 OF EACH SUBFRAME) 
DP-19; GEOPHONE AMPLIFIER GA IN NORMAULOW (IN BIT 60 OF EACH SUBFRAME) 
DP-20; RF FIRE PULSE STATUS m IN BITS 89 AND 90 OF THE FIRST SUBFRAME IF 

FIRE PULSES ARE BEING TRANSMITTED, 00 IF NOT, 
AND ALWAYS 00 IN SUBFRAMES 2 AND 3) 
NOTE: FIRE PULSES, AND THEIR TM, OCCUR ONCE 

IN EACH 58 MAIN FRAMES (1]4 SUBFRAMES) 
DP-21; SUBFRAME IDENTIFICATION (B ITS 599 AND 600 OF EACH SUBFRAME;CODED 11 

FOR SUBFRAME I, 01 FOR SUBFRAME 2, AND 10 FOR 
SUBFRAME 3) 

• EACH MAIN FRAME (1800 BITS) CONTAINS THE FOLLOWING 8-BllENGINEER ING PARAMETERS: 

DP-02; LSP l.25-VOLT ADC CAL 
DP-03; LSP +12-VOLT OUTPUT 
AE-24; ALSEP RESERVE CURRENT 
DP-05; LSP 3. 75-VOLT ADC CAL 
AE-03; ALSEP PCU 1 INPUT VOLTS 
AH6; ALSEP THERMAL PLATE 6 
DP-lO; LSP GEO CAL VOLTS 
AE-04; ALSEP PCU INPUT AMPS 
AB-04; ALSEP EXPER 1I2 STA 
DP-14; LSP ELECTTEMP 
AB-05; ALSEP EXPER 3/4 STA 

THESE PARAMETERS, PLUS ONE SPARE CHANNEL, 
ARE ALLOCATED LOCATIONS IN THE LSP FORMAT 
IN PIECES; THAT IS, THE LAST 2 B ITS OF AN LSP 
30-BIT WORD FOR 4 CONSECUTIVE WORDS (MOST 
SIGNIFICANT BITS FIRST) 
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LSP ANALOG DATA 


THE FOLLOWING LSP ENGINEERING PARAMETER IS READ OUT VIA THE ALSEP ADP 
(ALSEP WORD 33, CHANNEL 25): 

AP-Ol; LSP ELECTRONICS TEMPERATURE 

THIS PARAMETER IS AVAILABLE IN THE ALSEP DATA PROCESSOR FORMAT REGARDLESS 
OF WHETHER THE LSP POWER IS ON OR OFF (NO STANDBY MODE) 
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LEAM EQUIPMENT 
LANYARD 

PULL RING 
AS.SY . 

ASSY 
LEG ASSY SENSOR 

OUST 
COVERS(2) 

ALSEP 
INTERFACE 
BRACKET 

BUBBLE ~~~ 

LEVEL ~ 


MIRROR . 
BOYD BOLT OUST COVER 
CUP 

UHT SOCKETLEG 
(SWIVEU 

DEPLOYED
STOWED (OUST COVERS ON) 

.JULV 723270.6.2 



LEAM SCIENTIFIC SUMMARY 


OBJECTIVES 

• 	 MEASURE LONG-TERM VARIATIONS IN COSMIC DUST INFLUX RATES ON THE LUNAR SURFACE 

• 	 DETERMINE THE DIRECTIONS, FLUX DENS ITY, AND SPEED OF PARTICLES IN METEOR STREAMS 

• 	 DETERMINE THE EXTENT AND NATURE OF LUNAR EJECTA PRODUCED BY METEOR ITE IMPACTS 
ON THE MOON 

• 	 PERFORM A CONTROLLED EXPER IMENT ON THE RELIAB ILIlY OF THE ACOUSTICAL SENSOR 

AS A COSMIC DUSTSENSOR 


• 	 CORRELATE THE ABOVE 'MEASUREMENTS IN AN EFFORT TO ANSWER CURRENT QUESTIONS ON 
THE ORIGIN AND NATURE OF LUNAR SOil 

METHODS 

• 	 METEOR ITE AND EJECTA IMPACT ON FI LM/GR ID ASSEMBLIES CAUSES ION IZED PLASMA 

WH ICH IS SENSED IN MAGN ITUDE AND LOCATION 


• 	 DETERMINE VELOC ITY FROM TIMING BETWEEN FRONT AND REAR FILM/GRID RESPONSES 

• 	 PARTICLE MOMENTUM IND fCATED BY RESPONSE OF PIEZOELECTR IC ELEMENT 
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LEAM OPERATIONS SUMMARY 


DEPLOYMENT 

• 	 CONNECT CABLE TO CENTRAL STAT ION (ASTROMATE CONNECTOR) 

AND REMOVE INSTRUMENT FROM SUBPALLET 


• 	 LOCATE 25 FT SOUTHEAST OF CENTRAL STATION 

• 	 RELEASE LEAM LEGS AND GNOMON 

• 	 PLACE INSTRUMENT ON SURFACE, LEVEL WITH IN + 5°, AND ALIGN 

GNOMON SHADOW WITH IN + 5° OF ALIGNMENT INDEX ON SUN DIAL
- . 

POST - DEPLOYMENT 

• 	 TURN ON, BY COMMAND, FOR IN ITIAL CHECKOUT 

• 	 REMOVE DUST COVER FROM THERMAL CONTROL MIRROR BY COMMAND AFTER LM ASCENT 

• 	 REMOVE SENSOR COVERS BY COMMAND AFTER DETONATION OF LSP EXPLOS IVE 

PACKAGES AND AT LEAST TWO DAYS OF BACKGROUND DATA 


• 	 OTHER OPERATIONAL COMMANDS (INCLUD ING CALIBRATION) AS REQU IRED 
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LEAM COMMUNICATIONS SUMMARY 


COMMANDS 

• POWER OPERATIONAL, STANDBY, AND OFF 

• FOUR IND IV IDUAL COMMAND LINES FOR 

- DUST COVERS (2) 

- HEATER CONTROL 

- CALIBRATION 

DATA 

• 	 .TWO 10-B IT SC IENCE DATA WORDS IN EACH ALSEP DATA FRAME 
(TEN WORDS, IN FIVE FRAMES, MAKE UP ONE COMPLETE LEAM READOUT) 

• 	 THREE ANALOG LlNES"PROCESSED IN THE ALSEP ADP (ALSEP WORD 33~ ARE 
MULTI PLEXED TO PROv IDE READOUT OF 11 LEAM ENG INEER ING PARAMEIERS 

- EACH LINE IS SAMPLED ONCE EVERY 90ALSEP DATA FRAMES 
(ONCE EVERY 54 SECONDS AT NORMAL DATA RATE) 

- TWO OF THE LINES ARE MU LTI PLEXED FOR FIVE PARAMETERS EACH; 
HENCE, EACH PARAMETER I S SAMPLED ONCE EVERY 450 FRAMES 

- THE THIRD LINE IS LEAM TEMPERATUREbWHICH OPERATES REGARDLESS 
OF THE EXPER IMENT STATUS (ON, STAN BY, OR OFF) 

JULY 72 3270.6.5 



LEAM PHYSICAL PARAMETERS 

MIRROR STRUCTURE -­SENSOR 
DUST AND DUST 
COVER THERMAL r- COVERS (2) 

RELEASE r---J t 
I 

I RELEASE 
L t 

"" COMMAND LINES (4) I 
~ 

~ 

+29 VDC OPER PWR LEAM 
SENSORS (3) 

+29 VDC OPER RTN UP (METEOR ITES) 

+29 VDC STANDBY PWR EAST } (EJECTA)LEAM 
+29 VDC STANDBY RTN 

WEST 
ELECTRONICS 

+12 VDC TEMP SU PPLY 

DATA DEMAND 

DATA SH 1FT PULSES WERSIZE, WEIGHT, AND POl 

FRAME MARK STOWED 
SIZE: 12.7 X 12.0 X .8 IN. 

9O-FRAME MARK EARTH 
WEIGHT: 16.3 LB 

.D IG ITAL OUTPUT DATA 

ANALOG DATA LINES (3) POWER: 6.60W 

ALSEP 
CENTRAL 
STATION 
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LEAM SENSOR CHARACTERISTICS 
• DUAL SENSORS (EAST AND UP) HAVE TWO FILMlGR ID ASSEMBLIES 

• SINGLE SENSOR (WEST) HAS ONE FI LMlGR ID ASSEMBLY 

• EACH FILMlGR ID ASSEMBLY HAS COLLECTOR AND SUPPRESSOR GR IDS 

• EACH 	SENSOR HAS AN IMPACT PLATE WITH MICROPHONE (ISOLATED MICROPHONE 
BEH IND SINGLE WEST SENSOR TO REG ISTER NO ISE EFFECTS) 

• MEASUREMENT PARAMETERS 

PARTICLE VELOC ITY RANGE: 1TO 75 KM-PER-SECOND 


PARTICLE ENERGY RANGE: 1TO 1000 ERGS 


PARTICLE MOMENTUM RANGE: 2.5 X 10-5 TO 7 X 10-4 DYNE-SECOND 


FREQUENCY OF MEASUREMENT 


- PR IMARY PARTICLE: 10-4 IMPACTS/SQUARE-METER/SECOND 


- EJECTA: 10-1 IMPACTS/SQUARE-METER/SECOND 


ANGULAR RESOLUTION OF RADIANT: + 26° (FUNCTION OF GR ID/FILM DES IGN)

SENSOR FIELD OF VIEW:· + 6()O ­

• 	 GR ID/FILM MATER IALS 

GR ID: BERYLLIUM COPPER, 97% TRANSPARENT, O. 006-INCH TH ICKNESS 

FILM SUBSTRATE: PARALENE C, 2800- TO 3300-ANGSTROM UNITS THICKNESS 

FILM DEPOS ITION:· ALUMINUM, 650- TO 750- ANGSTROM UNITS THICKNESS 

FILM OUTER LAYER: SILICON OXIDE, 3000-TO 35OO-ANGSTROM UNITSTHICKNESS 

JULY 72 3270.6.7 



LEAM SENSOR GEOMETR·Y 


THERMAL RAD IATOR MIRROR 
(HOR IZONTAL REFERENCE) 

1 
SHIELDS 
PRECLUDE T 

4 IN.HITS AND (TYPICAL)
PROVIDE 
BACKGROUND !}­
DATA CHECK 

·4 IN. 

t:L 
EAST SENSOR 

JULY 72 3270.6.8 



LEAM DUAL SENSOR FUNCTION 

COSMIC DUST PARTICLE 

BlAS VOLTAGES 
FRONT SUPPRESSOR -7V +24V -3. 5V 

FRONT COLLECTOR~ • ., • 

I ...............\~ • I··-Y­
L _ _ _ _ _8_ .. COLLECTOR SIGNAL 

5CM 
(TIME 

OF 

FLIGHT). ~. 


:~:: ~~::~~R~,,:.,~!~:,~: , I IC~L~:SIGNAL 

FILM SIGNAL 

REAR FILM AND IMPACT PLATE -3. 5V +24V -7V 

MICROPHONE SIGNAL ~ ~ 

JULY 723270.6.9 
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LEAM SENSOR EXPLODED VIEWS 

DUAL SENSOR 

MPACT PLATE 

SINGLE SENSOR 

SHIELD 

FILM 


COLLECTOR AND SUPPRESSOR FRAME 


SENSOR ELECTRONICS 
. SU PPORT STRUCTURE 

IMPACT PLATE ( 1 X 4 IN.) 

JULY 72 3270.6.11 
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LEAM ELECTRONICS FUNCTIONS 
ENV IRONMENTAL 
INPUTSr----l 

DIGITAL STATUS INPUTS ~ 
ANALOG HOUSEKEEPING INPUTS 0­ DUAL 

SENSOR 
ELECTRONICS 

DUAL 
SENSOR 
ELECTRON IC S 

SINGLE 
SENSOR 
ELECTRON IC S 

f¢:~ 

ANALOG DATA LINES (2) 

CENTRAL 
ELECTRON IC S 

r ANALOG 
MULTIPLEXER 

f¢:AND DIGITAL ~ 90-FRAME MARK 
DATA CONTROL 

DATA DEMAND PULSES 
DATA PULSES (CLOCK) 

FRAME MARK 

DIGITAL DATA OUTPUT k= k= 
III LEAM CAL (INC. PER IOD IC) CALI BRAT ION EXECUTE 

ALSEP MIRROR COVER RELEASE~LEAM MIR CVR GOCENTRAL COMMANDSTATION SENSOR COVERS RELEASE 


~ LEAM HTR STE P 

BUFFERSI~ LEAM SNSR CVR GO 

HTR STEP 

++12 VDC EXC ITATION 
~ SENSOR MIRROR 

ANALOG LINE (l) 
HEATERTEMP 

COVERCOVERSCONTROLMONITOR .-­ SQUIB
CONTROL
SQUIB 

CONTROL
+29 VDC STANDBY PWR +-J:>I-< l tHEATER 

SQUIBS (2) 
+29 VDC STANDBY RTN 

SQU IBS (2) 
I.io­

+29 VDC OPER PWR 
~ +24 VDC, +12 VDC, +5 VDC, -5 VDCPOWER 


+29 VDC OPER RTN 
 SUPPLY +3 VAC (ZERO TO PEAK) 

I 
UP I 
SENSOR I 
(DUAU I 

r-- ---.I 
i I 

EAST I 
SENSOR I 
(DUAU I 

r-­ --.,
I 

I 

i 


WEST 

SENSOR ')7
(S INGLE) V 

5 VDC 
S ARE 
NSOR 
:ROM 
T 

ND -3.5) 

JU L Y 72 3270.6.12 
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LEAM POWER SUPPLY 


+29 VDC OPER PWR } HEATER 

1 CONTROL 

SURGE SWITCHING FEEDBACK RECTIFIER-­LIMITER ~ PREREGU LATOR CONTROL 
AND 

r-­ FILTER 

1 +2S VDC 1+24 VDC B I AS 

+ I VDC OPER RTN 
+12 VDC 

'-­

10 KHz 
OSC ILLATOR r-­

RECTIFIER 
AND 

SQUARE TRANSFORMERS FILTER 

~WAVE I I +S VDC 
-S VDC 

> hl -7.S VDCF/F DR IVER 
~ (FOR -7 AND -3. S I - - - 3 VAC (ZERO-TO-PEAK) 

BIAS) 
'IU-Ol AJ-Q4 AJ-lO \ 

NOTES: (FOR SOU IB FIR ING)
( LfAM I I PWR I I LEAM I 

• POWER SUPPLY MONITOR IS+S J \ SUPPLY -S ) ...... ,..r-__ II.. a __ .......... _ ._ •• __ 


VOLTS ~ON VOLT~ 
""'----'" .....--... +12 VDC, +S VDC and -SVDC 

• BlAS VOLTAGES MON nOR IS 
BASED ON A COMB INATION OF 
+24 VDC AND -7. SVDC 

JULY 72 3270.6.13 
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FROM DUAL 
SENSOR 
(UP OR EAST) 

LEAM DUAL SENSOR ELECTRONICS 

r-------, 	 r------.., 
I BUFFER AMPS I 	 I 10 AMPS I 
I 	 I I I 

I I 

FRONT 
FILM 
SIGNALS 

, 	 ,L-______ ~ 

,------, 
I 10 AMPS 	 I
! I 

REAR 
FILM 
SIGNALS 

I 	 I 

~______J 

CENTRAL 
MICROPHONE SIGNALS ELECTRON ICS 

AND 
DIGITAL 
DATA 
CONTROLiilUFFERAMPsl 

I I 

FRONT 
COLLECTOR 
SIGNALS :4 

I I
L______J 


rilUFITRAMPsl 


~~~CTOR ~~~' ~ ~>~ 
SIGNALS (J\ ~ 

\!V [> 
i I"- _______JCALIBRATION OUTPUT 

IL _____ ~ 

iBumRAMPsi 
I ! 

I 
, I
L ______ J 

_ 

DIGITAL CALIBRATION SIGNAL 

DATA {CALIBRATION MODE I DRIVER 
CONTROL • 

NOTE: 

• 	 CALIBRATION CHARACTERISTICS ALTERNATE BETWEEN lWO TYPES 


(CAll AND CAl2) ON SUCCESSIVE EXECUTIONS 


• 	 INITIAL STATUS IS UNPREDICTABLE 

• 	 CALIBRATION MODE SELECTS PAIRS OF 

FILM STRIPS (1-2 AND 3-4) ON SUCCESSIVE 

EXECUTIONS 


JULY 72 3270.6.14 
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LEAM SINGLE SENSOR ELECTRONICS 


FILM { 
SIGNALS 

MAIN MICROPHONE SIGNALS CENTRAL
FROM ELECTRON IC S
SINGLE AND
SENSOR DIG ITALSECONDARY MICROPHONE(WEST) 

DATASIGNALS 
CONTROL 

COLLECTOR {, 
SIGNALS , 

~ 

DIGITAL { CAL SIGNAL 


DATA CAL MODE I DK IVtK
CONTROL • 

CODE: 

UFF - UPPER FRONT FILM WF :.WEST FILM 

URF - UPPER REAR FILM WC - WEST COLLECTOR 

UFC - UPPER FRONT COLLECTOR WSM - WEST SECONDARY MICROPHONE 

UMM - UPPER MAIN MICROPHONE WMM - WEST MAIN MICROPHONE 

URC - UPPER REAR COLLECTOR 10 - IDENTIFICATION 

U - UPPER SENSOR PHA - PULSE HIEGHT ANALYS IS 

EFF - EAST FRONT FILM ACC - ACCUMULATOR 

ERF - EAST REAR FILM ET - ELAPSED TIME 

EFC - EAST FRONT COLLECTOR TEMP - TEMPERATURE 

EMM - EAST MAIN MICROPHONE 

ERC - EAST REAR COLLECTOR 

E- EAST SENSOR JULY 72 3270.6.15 
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LEAM DIGITAL DATA CONTROL 

( INCLUDING SENSOR CENTRAL ELECTRONICS) 


STROBE 

UPPER 

FRONT 

FILM 

10 


UPPER 

REAR 

FILM 

10 


INHIBII ~

F~~ FRONT j u.ay """ LVL"" 

UFF 10 

REAR 

FILTERED SIGNAL 

UPPER :: 11D2 BITS)~~~~~~~;J~~~~~~~~~~I~-~~I~C~U~NV~t~"~'t~"~I~UF~C~10~~ 
FRONT 
COLLECTOR 
10 

URC 10 
UPPER 
REAR 
COllECTOR 
10 

~oUATSENsORTEASiI' OUTPUTS 

CMo : IDENTICAL TO 

BUFFER I DUAL ~N~OE.!!!!:I'!fll! 

DIGITAL 
DATA 
CONTROL 

SENSORS 

r siMltARC iRcuiTsj 
EXCEPTTHAT 

SENSOR 
SINGLE 

THERE I S NO PHA 

(WESTI ON THE SECONoAR y I

J 
ALSEP 
DoP 

[ 

INPUTS 

F 

-f<.!.!"o!J.M'-,P':"~'-""'----------"! 

- -.. __ u_ 10 ,., 
'-"'--'-"'----------'L~f.R.Q~~E___ 

{ 

FRAME MARK 
90 - FRAME MARK 
NRZ SER IAL DIG ITAL SC IENCE DATA OUTPUT 

DEMAND PULSES 

ALSEP { 

OOP SHIFT PULSES (CLOCK 


LEAM ANALOG 
ANALOG p.YNC BIT 

MU L T I PLEXER 

GATES 
1103 GATESI 

I 

PARALLEl­

LOAD. 

SER IAL­

SHIFT 

REGISTERS 

1103 BITS) 


CALIBRATE
} LOGIC 

JUL Y 72 3270.6~16 



LEAM DIGITAL DATA OPERATION 

• 	 SENSOR ElECTRON IC S INTERFACE WITH EACH OF THE SENSOR ElEMENTS THROUGH CHANNELS 

OF DED ICATED CIRCU ITRY (ALLOWS ANY COMB INATION OF EVENTS TO OCCUR WITHOUT MU­
TUAL INTERFERENCE) 

• 	 INTERNAL CROSS-CHECKS ENSURE THE VALID ITY OF AN EVENT BEFORE FINAL PROCESS ING 

• 	 DATA INHIBITING IS USED TO ENSURE THAT AN EVENT IS PROCESSED WITHOUT ENSUING 
EVENTS ALTER ING OR ERAS ING THE DATA 

• 	 THE PROCESSING OPERATION STARTS ON EITHER A FILM OR A MAIN MICROPHONE EVENT 
(ABOVE ZERO THRESHOLD); THUS, A COLLECTOR EVENT WITHOUT A FILM EVENT IS NOT RE­
CORDED 

• 	 FILM EVENTS, IF VALID, WILL USUALLY PRODUCE CONFIRMING COLLECTOR EVENTS AND, 
IF LARGE ENOUGH, REAR FILM AND COLLECTOR EVENTS (FOR DUAL SENSORS), PWS MICROPHONE 
EVENTS; IFTHERE IS NO COLLECTOR EVENT, THE PI WILL SUBTRACT IT DURING DATA ANALYSIS 

• 	 THE COMBINED FILM AND COLLECTOR ID'S INDICATE THE AREA OF IMPACT, WHILE FRONT 
AND REAR DATA GIVE THE ANGLE OF IMPACT; THE ELAPSED TIME IS TRANSLATED INTO 
PARTICLE VELOC ITY 

• 	 FILM PULSES RESULTING FROM A FRONT FILM EVENT ARE SUMMED AND THE SUM IS PEAK­
DETECTED FOR ENCOD ING ON A LOGAR ITHMIC SCALE; THE SAME I S TRUE FOR REAR FI LM 
EVENTS 

• 	 MAIN MICROPHONE OUTPUTS ARE APPLIED TO NARROW BANDPASS FILTERS BECAUSE THE 
CRYSTAL MICROPHONES PRODUCE A l00-KHZ SINE WAVE IN THEIR PRIMARY MODE; THE 
OUTPUTS ARE INH IB ITED AFTER APPROXIMATELY 75 MICROSECONDS (FOR A PER 10D OF 
30 MILLISECONDS) TO AVOID RECORDING REFLECTED WAVE MOTION IN THE QUARTZ PLATE 

• 	 FILM AND COLLECTOR ID CIRCU ITS INCLUDE AN INH IB IT FUNCTION TO SUPPRESS CROSS­
TALK SIGNALS; THIS INHIBIT IS BYPASSED DURING CALIBRATION 

• 	 THE SECONDARY (NOISE) MICROPHONE ON THE WEST SENSOR IS MECHANICALLY ISOLATED 
AND PROVIDES A CHECK AGAINST FALSE EVENTS 

• 	 DATA READOUT TO THE ALSEP DDP, ON DEMAND, CONS ISTS OF TEN 10-B IT WORDS (TWO 
WORDS PER ALSEP FRAME) SYNCHRONIZED TO START AT AN ALSEP 9O-FRAME MARK; 
HENCE, 18 COMPLETE SETS OF LEAM DIGITAL DATA IN 90 ALSEP FRAMES 

• 	 WHEN DATA FROM ONE SENSOR ARE BEING READ OUT (4 ALSEP WORDS IN TWO ALSEP FRAMES 
FOR A DUAL SENSOR), A TRANSFER INHIBIT CAUSES DATA FROM A NEW EVENT TO BE HELD IN 
THE BUFFER STORAGE; IT IS TRANSFERRED TO THE OUTPUT REGISTER WHEN THE EXISTING DATA 
HAVE BEEN READ OUT ONCE 

• 	 IFTHERE ARE NO NEW EVENTS, SUCCESSIVE SETS OF LEAM DATA ARE IDENTICAL (REGISTER 
DOES NOT CLEAR ON READOUT) 

• 	 INITIAL READINGS ARE RANDOM (MEANINGLESS) AND WILL BE REPEATED UNTIL THERE IS A 
VALID HIT OR A CALIBRATION JU L Y 72 3270.6.17 
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LEAM ANALOG DATA MULTIPLEXER 

AJ-OI, LEAM +5 VOLTS 

5- CHANNEL 
MU LT I PLEXER 
NO.1 

AJ-02, SNSR CVR STA 
AJ-03, MIR CVR STA 
AJ-04, PWR SUPPLY MON 

AJ-05, BIAS VOLTPCES MON 

ALSEP{
DDP 

90-FRAME MARK MULTIPLEXER 
SEQUENCER t---< 

DJ-28 
ANALOG 
SYNC 

AJ-06, UP MAIN MIC TEMP 
AJ-07, EAST MA IN MIC TEMP 

5- CHANNEL 
MULTIPLEXER

AJ-08, WEST MA IN MIC TEMP 
AJ-09, CENT ELECT TEMP NO.2 

AJ-lO, LEAM -5 VOLTS 

I--­

ANALOG OUTPUT (ALSEP WORD 33, CHANNEL 84) 
ALSEP{ ANALOG OUTPUT (A_LSEP WO~D_ 33, CHANNEL 83)ADP . 

NOTES: 

• 	 DJ-28 INDICATES A LOGICAL ONE IN THE 
LEAM DIG ITAL DATA DUR ING THE 90 ALSEP 
FRAMES WHEN AJ-Ol AND AJ-06 ARE INPUT 
TO THE ALSEP ADP; DUR ING THE INTERVEN ING 
360 ALSEP FRAMES, IT IND iCATES A LOG ICAL 
ZERO (D IG ITAL ENCOD ING PRODUCES THE 
LOG ICAL ONE 18 TIMES IN 90 SUCCESS IVE 
ALSEP FRAMES) 

• 	 MULTIPLEXER INITIALIZES TO ANY ONE OF 
THE FIVE STEPS BUT BOTH 1 AND 2 W ILL BE 
AT THE SAME STEP 

• 	EACH LEAM PARAMETER APPEARS IN THE ALSEP 
DOWNLINK DATA ONCE EVERY 450 ALSEP FRAMES 
(EVERY 4.5 MINUTES AT NORMAL DATA RATE) 

JULY 72 3270.6.18 
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MIRROR COVER RELEASE SIGNAL 

SENSOR COVER RELEASE SIGNAL 
HTR STEP SIGNAL 

+29 VDC RTN 

-r 12W-1: 
I"'--LIU~I 
~ - 2T.!Hf !!E~T~~ _..J IND ICATES HTR PWR 

+12VDCEXCITATION -L_ I ~ IN OPERATIONAL MODE 
~ 

3 VAC (ZERO-TO-PEAK)
FROM LEAM 

LEAM SQUIB AND TEMPERATURE CONTROL 


LEAM 
~8n~ND 

{ 

+29 VDC OPER PWR 

+29 VDC STANDBY PWR 

ALSEP 
PDU 

ANALOG OUTPUT 

AJ-ll IS READ OUT 
IN ALSEP WORD 33 
(CHANNEL 85) REGARDLESS 
OF LEAM ON/STANDBY/OFF
STATUS 

POWER SUPPLY 

NOTES: 
• 	FIRST RELAY DRIVER OPERATES FOR 


DURATION OFTHE CMD (20 MILLISEC) 

• 	WHEN THE CMD PULSE ENDS, THE FALLING 


EDGE TR IGGERS THE SECOND RELAY WH ICH 

IS HELD ON FOR APPROXIMATELY 35 MILLISEC 

BY A CAPAC ITOR DISCHARGE CIRCU IT 


• 	FIRING OF EITHER SQUIB RELEASES COVER 
• 	TM MON ITORS INTEGR ITY OF EACH SQU IB 


PAIR BY +5 VDC VIA THE SQU IBS 

• 	ONCE FIRED, TM GOES TO ZERO AND 


RELAY POWER IS INHIBITED 

JULY 72 3270.6.19 
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LEAM POWER PROFILE 
NOTE: 

AFTER COMPlETION OF 
DUST COVER RELEASE, 
THESE COMMANDS 
WILL HAVE NO FURTHER 
EFFECT 

/;---T-Y-P~AL "­

7 
 DUSTTYPICAL 6.60COVERTURN-ON 
TRANS lENT RELEASES6 

5.4 / MIRROR A"'-!S~EN""'SO"""R-' 

5.1 5.005 

V') 

t= 
<C 
3: 4 

~...., 3.403.40

3.16~ 0.24 INCREASEa.. 3 

II FOR AUTOMAT IC 
I HEATER LOG IC 

1.802 

I 


,. WNARDAY .1. WNARNIGHT ~I~ STANDBY---.­
1 
 I I 


I I 

o ' I I 


TIME 
JULY 72 3270.6.20 
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LEAM EMPLACEMENT CRITERIA 
LEAM EMPLACEMENT CR ITER IA 

PARAMETER REQU IREMENT PR lOR lTV IND ICATOR COMMENTS 

LOCATION 25 +5 FT SOUTHEAST-
OF CENTRAL STATION 
ON A MOUND (LEVEL 
AREA ON TOP) 

PAC lNG, CABLE 
LENGTH, AND 
VISUAL 

3D-FT CABLE; AVOID 
CRATERS, SLOPES, AND 
ROC KV SURFACES 
(PACK SURFACE WITH 
Boon. 

LEVEL, WRT 
IND ICATOR 

WITHIN +5° BUBBLE LEVEL 
\ 

LEGS MA V PENETRATE 
SURFACE TO 0 I FFERENT 
DEPTHS TO ACH IEVE 
LEVELING 

ALIGN, WRT 
INDICATOR 

WITH IN +5° OF-
PRESCR IBED 
SETTING 

GNOMON AND 
SUN COMPASS 
GRADUATIONS 

REPORT FINAL 
INDICATION AND 
TAKE PHOTOGRAPHS 

NOTE: LEVEL IS WITH IN +5° WHEN BU BBLE I S FREE FROM OUTER CASE EDGE. 
----­ ---_.­ -" 

JUlV 72 3270.6.21 
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LEAM DEPLOYMENT OPERATIONS 

SUB PACKAGE 2 IN VERTICAL POSITION 

• RELEASE AND REMOVE SUBPALLET PULL PIN 

SUB PACKAGE 2 IN HOR IZONTAL POS ITiON 
• 	 RELEASE 2 BOYDBOLTS TO FREE THE LEAM 

SUBPALLET FROM SUBPACKAGE 2 
• 	 ENGAGE UHT IN SUB PALLET CARRY SOCKET 

REMOVE SUBPALLET FROM SUB PACKAGE, 
AND RELOCATE 10 FT SOUTHEAST OF 
CENTRAL STATION 

• 	 RELEASE ASTROMATE CONNECTOR PULL RING 
AND REMOVE PU LL PIN TO FREE THE 
CONNECTOR FROM THE SUB PALLET 

• 	 WHILE SUPPORTING SUBPALIIT ON UHT, 
REMOVE ASTROMATE CONNECTOR 

• 	 RETAIN CONNECTOR, AND MATE CONNECTOR 
WITH CENTRAL STATION (ENGAGE LOCK) 

• 	 RETAIN CONNECTOR, SET SUB PALLET ON 
SURFACE, REMOVE CONNECTOR DUST 
CAP (D ISCARD), AND MATE CONNECTOR 
WITH CENTRAL STATION (ENGAGE LOCK) 

• 	 RELEASE 4 BOYD BOLTS TO FREE LEAM 
FROM SUB PALLET 

• 	 ENGAGE UHT IN LEAM SWIVEL SOCKET, 
REMOVE LEAM FROM SUB PALLET 

• 	 GRASP PULL RING ON DUST COVER BAG 
AND REMOVE BAG FROM LEAM 

• CARRY TO FINAL LOCATION 

AT FINAL LOCATION 
• 	 RELEASE SWIVEL SOCKET PULL RING, 

REMOVE PULL PIN, AND ROTATE LEAM 
UNTIL SWIVEL SOCKET LOCKS 

• 	 RELEASE LEG/GNOMON PULL RING AND PULL 
IN THE DIRECTION IND ICATED BY STR IPE 
ON THE S I DE OF LEAM TO SEQUENT IALLY 
RELEASE LEGS AND GNOMON (D ISCARD 
RING AND LANYARDS) 

• 	 PLACE LEAM ON SURFACE (uS ING UHn, 
LEVEL AND ALIGN, AND REMOVE UHT 
FROM SWIVEL SOCKET 

JULY 72 3270.6.23 
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LEAM COMMANDS 


OCTAL CMD NUMBER 

III 	 LEAM CAL 

TH IS IS A TWO-STATE CMD TO SElECT ALTERNATElY, UPON SUCCESS IVE TRANS­
MISS ION, THE TWO LEAM CALIBRATION LEVElS CAllED MODE ONE AND MODE 
TWO·. EACH ACTIVATION OF THE CALIBRATION CIRCU ITS PRODUCES A SINGLE 
INPUT PULSE TO THE LEAM SENSOR BUFFER AMPLIFIERS TO CALIBRATE THE OVERALL 
SENSOR ElECTRONICS AND DATA STORAGE SYSTEM. THE RESPONSE OF LEAM TO 
CMD III IS DELAYED UNTIl PREVIOUSLY RECORDED DATA HAS BEEN TRANSMITIED 
TO ALSEP. 
MODE ONE PROVIDES SIGNAL PULSES TO EACH: 
-FRONT FILM AMPLIFIERS 3 AND 4 (4) 
-MAIN MICROPHONE AMPLIFIERS (3) 
-SECONDARY MICROPHONE AMPLIFIER (1) 

-REAR FILM AND ALL COLLECTOR AMPLIFIERS (28)·· 
MODE TWO PROVIDES SIGNAL PULSES TO EACH: 
-FRONT FILM AMPLIFIERS 1 AND 2 (4) 
-MAIN MICROPHONE AMPLIFIERS (3) 
-ALL REAR FILM AMPLIFIERS nm·· 

112 	 LEAM MIR CVR GO 

TH IS CMD ACTIVATES THE CIRCU ITS OF A REDUNDANT FIRING MECHANISM TO 
RElEASE THE DUST COVER WH ICH PROTECTS THE LEAM THERMAL CONTROL 
MIRROR. AFTER COVER RElEASE, CMD 112 HAS NO FURTHER EFFECT. REMOVAL 
OF THE MIRROR DUST COVER IS SCHEDULED AFTER LM ASCENT. PR lOR TO RE­
MOVAL, THE EXTENT OF LEAM OPERATION IS CONSTRAINED BYTHERMAL 
CONTROL LIMITATIONS. 

114 	 LEAM SEN CVR GO 

TH IS CMD ACTIVATES THE CIRCU ITS OF A REDUNDANT FIR ING MECHANISM TO 
RElEASE THE DUST COVERS WH ICH PROTECT THE LEAM SENSORS. AFTER COVER 
RElEASE, CMD 114 HAS NO FURTHER EFFECT. REMOVAL OF THE SENSOR DUST 
COVERS ARE SCHEDULED AFTER LM ASCENT AND AFTER DETONATION OF THE LSP 
EXPLOS IVE PACKAGES, AND AFTER AT LEAST TWO DAYS OF BACKGROUND DATA. 

117 	 LEAM HTR STEP 

THIS IS A THREE-STATE CMD WHICH, UPON SUCCESSIVE TRANSMISSION, STEPS 
REPETIT IVELYTHROUGH THREE LEAM HEATER CONTROL MODES: ON, OFF, AND 
AUTOMATIC. IN THE AUTOMATIC (NORMAU MODE, A C IRCU IT CONTROLS THE 
HEATER OPERATION TO MAINTAIN LEAM ABOVE A MINIMUM TEMPERATURE. 
THE ON AND OFF MODES BYPASS THE AUTOMAT IC CONTROL CIRCU IT AND 
CAUSE THE HEATER TO REMAIN ON OR OFF REGARDLESS OF TEMPERATURE. THE 
HEATER ON/OFF STATUS IS READ OUT IN THE TM, ALONG WITH TEMPERATURE DATA. 
APPLICATION OF OPERATIONAL POWER TO THE LEAM CAUSES INITIALIZATION IN 

THE AUTOMATIC MODE. 


WHEN STANDBY (SURVIVAU POWER IS APPLIED TO THE LEAM: 

-THE AUTOMATIC CIRCU IT IS ENERGIZED AND CONTROLS OPERATION OF THE 

3. 2-WATI HEATER; THERE IS AN ADD ITiONALI. 6-WATI CONSTANT STANDBY HEATER 

-CMD 117 HAS NO EFFECT 
-TEMPERATURE IS READ OUT IN THE ALSEP CENTRAL STATION TM. 

NOTES: 
·THE CALIBRATION LEVEL OF MODE TWO IS HIGHER THAN MODE ONE 

··REAR FILM SIGNALS ARE DELAYED TO VER IFY ELAPSED-TIME CIRCU ITRY; 
DELA Y I S LONGER I N MODE TWO. 
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LEAM DIGITAL DATA FORMAT 


ALSEP FRAME 

ALSEP WORO 31 NUMBER ALSEP WORO 39


1@EtJ"I"I"I~--'l. 6.~1 [1C'-I,'1"1,'1 t' I"1"1,'1 -?-I,ll,o 1-"" POSITION 
. '--v---'~'-----~ 

~ ~ 
OJ-03, UFF ACC ~ \ ~ OJ-06, URF ACC 

OJ-OZ, UFF PHA \..- OJ-05, URF PHA 
OJ-Ol, UFF ID OJ-04, URF ID 

Iz91 zSI z71 z61 z51 tlz3 1zZIzl izO 1_ z, 7, lZ, ETC. _l z9 I zalz7 1z61 z51 tlz3 1zZI zl IzO I 

~~ ~' /~ \'OJ-09, UMM ACC L OJ-ll , UET 
OJ-OS, UMM PHA OJ-lO, URC 10~ OJ-07, UFC 10 

Iz9Jtlz7 Jz6J z51 t Iz3If JZITfl __ 3, S, 13, ETC. _ [z9TtRJi]z5 rtItl zZJ Zl[f] 

'-v----I~'---r~14, ~'---r'---C:7'EFFACC ERFACC
~OJ-13, EFF PHA ~OJ-16, ERF,.PHA 

. OJ-IZ, EFF ID OJ-15, ERF 10 

Iz91 zSI z71 z61 z51 tlz31zZIzl izO 1-4, 9, 14, ETC. _l z9l zSl z7l z61 z51 tlz31 tlzl IzO I 
~~ '-v----I' / 

\ OJ-ZO EMM ACC \OO:OJ-22 EET 
\0J-l9, EMM PHA \OJ-Zl, ERC ID '~ OJ-IS, EFC 10 

JULY 72 3270.6.25 
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LEAM ANALOG DATA 

ALSEP WORD 33, CHANNEL 83, MULTIPLEXED 5 TIMES IN THE FOLLOWING SEQUENCE: 

AJ-01, LEAM +5 VOLTS (MEASURED AT OUTPUT OF LEAM POWER SUPPLY) 
AJ-02, SNSR CVR STATUS (IND ICATES THAT SQU IBS HAVE OR HAVE NOT FIRED) 
AJ-03, MIR CVR STATUS UND ICATES THAT SQU IBS HAVE OR HAVE NOT FIRED) 
AJ-04, POWER SU PPLY MON (BASED ON COMB INED +12 VDC +5 VDC AND -5 VDC OUTPUT) 
AJ-05, BlAS VOLTAGES MON (BASED ON COMB INED +24 VDC AND -7.5 VDC OUTPUT) 

ALSEP WORD 33, CHANNEL 84, MULTIPLEXED 5 TIMES IN THE FOLLOWING SEQUENCE: 
AJ-06, UP MAIN MIC TEMP (MEASURES UP SENSOR TEMP NEAR MICROPHONE) 
AJ-07, EAST MAIN MIC TEMP (MEASURES EAST SENSOR TEMP NEAR MICROPHONE) 
AJ-08, WEST MA IN MIC TEMP (MEASURES WEST SENSOR TEMP NEAR MA IN MICROPHONE) 
AJ-09, CENT ELECT TEMP (MEASURES TEMP IN SENSOR CENTRAL ELECTRON ICS) 
AJ-10, LEAM -5 VOLTS (MEASURED AT OUTPUT OF LEAM POWER SUPPLY) 

ALSEP WORD 33, CHANNEL 85: 
AJ-11, LEAM ELECT TEMP (MEASURES INTERNAL STRUCTURE TEMP NEAR 


THERMAL PLATE; POWERED FROM ALSEP CENTRAL 

STAT ION TO READ INDEPENDENT OF LEAM ON/ 

STANDBY/OFF STATUS) 


JULY 72 3270.6.26 
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HEAT FLOW EXPERIMENT 


ELECTRONICS PACKAGE 

PROBE CARRYING PACKAGE 
(CONTAINS 2 PROBES & 

EMPlACEMENT TOO~.~~ /c 

~ .. ~~~ 
/ 

CABLE 

LENGTH WIDTH HEIGHT­

ELECTRONICS 
PACKAGE 

10 9.55 11 

PROBE 
PACKAGE 

25.5 4.5* 3.S 

*EXCEPT HANDLES (S.5) FEB 72 3270.7.2 



HEAT FLOW 
NASA No. 5037· 

OBJECTIVE: INTERNAL TEMPERATURE & COMPOS ITION OF THE MOON. 
FROM THI S, INFERENCES CAN BE MADE ON LUNAR EVOLUT ION, 
BULK COMPOS ITION, CHEMICAL SORTING, INTERNAL ENERGY (IN­
CLUDING RADIOACTIVITY), & NEAR-SURFACE MATERIAL PROPERTIES 

MEASUREMENT: TEMPERATURE GRAD lENT & THERMAL CONDUCTIV ITY TO 
\-d DETERMINE AVERAGE OUTWARD HEAT FLUX AT THE SURFACE 

EQUIPMENT: APOLLO LUNAR SURFACE DRILL; TWO PROBES, I-IN. DIAM 
X 43 IN. LONG, WITH HEATING ELEMENTS & TEMPERATURE SENSORS; 
PROBES PLACED AT BOTTOM OF 8 - FT HOLES 

I • 
• I.. I : 

I I I 
• I• 

FEB 72 3270.7.3 



HEAT FLOW CHARACTERISTICS 

OPERATIONS 

DEPLOYMENT POST DEPLOYMENT 

POWER 
COMMANDS 

DSS : TIMING
{
 

DATA 
 • 
1 

t------ -1 
STRUCTURE/THERMAL 

KEY FEATURES 

SENSOR CALIBRATION ON EARTH REQUIRES SPECIAL FACILITY 
AVOID DISTURBING LUNAR SURFACE REFlECTIVE PROPERTIES AROUND PROBES 
REQU IRES RAD IATIVETHERMAL COUPLING BETWEEN PROBE & HOLE PLUS 

NO THERMAL SHORT-C IRCU IT TO SURFACE 
"THERMOSTATICALLy"CONTROLLED HEATER IN ELECTRONICS PACKAGE 

PHYSICAL PARAMETERS 
(NOT INC OR ILU 

ELECTRONICS llx9. 5x 10 
{SIZE, IN: PROBES 25.5 x 3. 8 x 8.5 

(IN PACKAGE) 

EARTH WT, LB: 12.2 LB (JOTAlI 

POWER, W: 3. 9 TO 10.7 

- LOCATE ElECTRON les 25-30 FT 
FROM CENTRAL STATION 

- LEVEL:!:. 5° 

- ALIGN !.5° WRT SHADOW (THERMAL) 

_ DRILL HOLES (2) 2.5 METERS DEEP 

& PLACE PROBES IN BOTTOM OF 
HOLES USING TOOL 

- HOLES 30 FT APART & 18 FT 

FROM ElECTRONICS 


APPROX TIME, 9 MIN, PLUS 
30MIN FOR DRILLING 

COMMUNICATIONS 

COMMANDS: DATA: 

-1 DIGITAL WORD PER ALSEP FRAME 
(FOR 16 OUT OF EVERY 90 FRAMES) 

- POWER OPER/STBY/OFF 

-10 SPEC IAL CMOS FOR: 
3. 0 BPS (APPROX) 

SELECT GRAD lENT, 65% SC IENCE, 35% HK 
HI CONDUCTIVITY, OR . 435 SEC REP RATE (FULL SEQUENCE) 

LO CONDUCTIVITY MODES (3) -6 ANALOG ENG PARAMETERS SAMPLED 

SELECT MEASUREMENT ONCE PER 54 SEC ALSEP SEQUENCE 
SEQUENCE (6) 

SELECT & ACTIVATE 
CONDUCTIV ITY HTRS (I) 

DISPLAY: PRINTIREQUIRES [)ATA_AtJAj.YSIS) 

FEB 72 3270.7.4 

- TURN ON (oPER) PRE-ASCENT 

- READ GRADIENT DATA CONTINUOUSLY 
EXCEPT DURING CONDUCTIVITY TESTS 

- MAKE CONDUCTIVITY TESTS - TIMES 

FOR UP TO 48 HRS EACH TIME 



HFE STRUCTURE/THERMAL DETAILS 


TO P SUR FACE _______________ 

THERMAL PIATE~~~ 

INSULATION 
BAG AND 
ELECTRON IC S 
COMPARTMENT 

LOWER 

SHELL 


REFLECTOR 

::.....",.._--:7~--- THERMAL MASK· 

':J. ELECTRON IC S 

ISOLATION 
RING 

.-_---LEGS 

FEB 723270.7.5 
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HEAT FLOW SENSORS 

TEMP NOTE: FOR ILLUSTRATION, NOT ACTUAL DATA 

k£tft}HtMr~C\:f-tAr ~'~E 
DIURNAL VARIATION ANNUAL VARIATION 

WITH SUPERIMPOSED mUETO MOON'S ORBIT 

HI-ORDER EFFECTS AROUND THE SUN) 


SENSOR TY PE: PLATINUM RES ISTOR 
• PROBLEM: TO FIND THE SMALL DC COMPONENT SENSOR CIRCU ITS: 


IN A POSSIBLY LARGE AC WAVE 
 - SETS OF FOUR SENSORS 
-TWO COMBINATIONS (DIFFERENCE &AMBIENT) 

SELECTED BY INTERNAL LOG IC 
DYNAMIC RANGE: 

MODES OF OPERATION: MODE/G, MODE/LK, 
HEATER - TEMP 0 I FFERENCE (BR lOGE)

&MODElHK PLUS MANY MEASUREMENT COilS HI SENSITIVITY ± 20 K (2000 K TO 2500 
K)lOUTS IDEISEQUENCES GRAD lENT LO SENS ITiV ITY ±200 K(2000 K TO 2500 K)

BASIC DATA WORD: 13-BIT OUTPUT OF ADC IN SENSORS 
- AMB lENT TEMP (RES ISTANCE)PROBE2 ALSEP WORDS (PLUS 10) 

SECT ION 2000K TO 2500K 
12/PROBEI

TYPICAL BRIDGE { (1) + EXCITATION - CABLE THERMOCOUPLES (ALONG PROBE CABLES) 
READ ING (2) + OUTPUT 900K TO 3500K (ACCURACY O. fC) 
(8 ALSEP WORDS) (3) - EXC ITATION -THERMOCOUPLE REF JUNCTION (IN ELECTRONICS) 

(4) - OUTPUT -200 C TO +600 C (ACCURACY O. 1°C) 

_ CONDUCTIV ITY RANGE: 5 x 10-6 TO 1 x 10-3 

CAL./CM-SEC-oC 

FEB 72 3270.7.6 



HFE PROBE DETAILS 

RAD IATION 
SH IELD 

I 

RING 
SENSOR 
(4/PROBE) 

GRAD lENT 
SENSOR 
(INSIDE) 

4/PROBE 

HEATER ~~."':··~~~"'"tfJ!i.~.' ..<1'_ tJ...!t:'11COl LS-_-'·f...Sn1.mmr.!. t~~J.. 

(OUTSIDE) 

THERMOCOU PLE 

CABLE TO _(TC fh~~ 

ELECTRON ICS 

. THERMOCOU PLE 
(TC4) 
THERMOCOU PLE 

(TC 1) 
THERMOCOU PLE 

~BORESTEM 

50 em 

62 em

mi-J- TOP OF 
PROBE 

PROBE 
(109 em) 

UPPER SECT ION 

FLEX IBLE SPR ING { 

LOWER SECT ION 

, II f.i I~--L-,. 
PROBE·STOP--.jlJ11 

FEB 72 3270.7.7 



DSS < 

HFE FUNCTIONAL DIAGRAM 

CMD ClO 


(OCTAL 152) 


FRAME MARK MEAS UREMENT 
90TH FRAME MARK INPUT SEQUENCE1<> CMDs C4-C9 BUFFER PROGRAMMER 

<> CMDs C1-C3 ,(135, 136, 140) 

I HEATER SEQUENCE J 
I PROGRAMMER 

+ 

I HEATER SELECT I RTN 
SWITCH I 

PROBE 
HEATERSI PROBE HEATER I PWR } 

1CURRENT SUPPLYI 

I 
~I 

I 
,I 

COMMAND 
DECODER29V OPER I.

DCIDC CONV ALL
I' CIRCU ITS t 

SUBSEQUENCE 
--+ ELECTRONICS PROGRAMMER 

29V STBY PACKAGE 
HEATERS 

DEMAND PULSE 

SH IFT PULSE 
DIGITAL DATA 

>4 ANALOG DATA (6 LINES) 

rMU'Tl;'EXER I-­
I DATA 

AMPLIFIER 

+ 
13-BIT 

~J 
AID CONVERTER 

+• OUTPUT SH 1FT 
I REGISTER 

·PULSE
I~OWER SUPPLY 

+---I EXCITATlON·1 
SEL SW I 

LOW 

LEVE L 

INPl TS 


'- ­

PROBE 
SENSORS 

PWR J 
FEB 72 3270.7.8 




HFE MODES OF OPERATION 
I 7
, MODE, > > > ~ 

LY 

FEB 72 3270.7.9 



HFE COMMAND SUMMARY 

CMD NUMBERS 
HFE OCTAL 

Cl 135 HFE MODEIG SEL*)
C2 136 HFE MODE/LK SEL INITIALIZED TO 
C3 140 HFE MODE/HK SEL THESE COND ITIONS 
C4 141 HFE SEQI FU L SEL ,;, AT POWER TURN-ON 

C5 142 HFE SEQ/PI SEL 

C6 143 HFE SEQ/P2 SEL 

C7 144 HFE LOAD 1 MEASU REMENT 

C8 145 HFE LOAD 2 SELECT 

C9 146 HFE LOAD 3 (ENCODED) 

CI0 152 HFE HTR STEPS 


INPUT BUFFER HOLDS COMMANDS FOR EXECUTION AT 90-FRAME MARK 

FEB 72 3270.7.10 
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, HFE DIGITAL DATA FORMAT 

I" ALSEP FRAME 90, 8 .I~ 1,9 .\ 

R21 Rll 0 1p41 P31 P21 pd 212 12111210 129128127126125124123122121 120 I 
(00) I" V / 

: . MEASU REMENT (SEQUENCE) REG ISTER 
~ 2,10 .I~ 3,11 ., 

R21 RdMIl M21 M31 0 10 1212 1211 1210 12912812712612512412312212q20 1 
(0 I) ""-----..v ~" V / 

MODE REGISTER HFE SCIENCE DATA (TYPICAL) 
1-' 4,12 .1'" 5,13 ~I 

IR21 R 1 H 41 H3 h 1 H d0 1212 12111210129128127126125124123122121 120 1 
I (10) 'v J 

I
I 

~ 

. 

HEATER REG ISTER 6,14 ., ~ 7,15 .\ 

. I R21 RIOlO 1 0 10 I0 /zt212U1210129128127126125124123122121 120 I 
I, (II) 1 
I \oi~ SUBSEQUENCE REGISTER (WORD 10) 

FEB 72 3270.7.11 
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HFE MODE REGISTER 


THE MODE REG ISTER I S PART OF THE HFE CMD DECODER AND RESPONDS TO 

CMDs 135, 136 AND 140. THE STATE OF TH IS REG ISTER IS READ OUT VIA TM 


OCTAL ABBR HFE MODE TM (M1M2M3) 


135 MODE/G MODE 1 NORMAL GRAD lENT 100 

136 MODEl LK MODE 2 LOW CONDUCT IV ITY 010 

140 MODE/HK MODE 3 HIGH CONDUCTIV ITY 001 


THE MODE SELECTED BY CMD AFFECTS THE DATA AS FOLLOWS: 

MODE/G AND MODE/LK HAVE IDENTICAL TM (FORMATIED BY THE MEASUREMENT 
SEQUENCE PROGRAMMER AND SUBSEQUENCE PROGRAMMER) BUT IN MODE/LK 
THE PROBE HEATER CURRENT SUPPLY IS TURNED ON AND HEATERS RESPOND 
TO CMD 152. 

MODE/HK BYPASSES THE MEASUREMENT SEQUENCE PROGRAMMER AND PRODUCES 
A SPEC IAL TM OUTPUT FORMATTED BY THE SUBSEQUENCE PROGRAMMER AND 
HEATER SEQUENCE PROGRAMMER. 

FEB 72 3270.7.12 
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HFE GRADIENT MEASUREMENT OPTIONS 

CM~ & 1~ 1~ 1~ 1~ 85 1~ 1~ 1~ 1~ 1~ 1~ 1~ 1~ 1~ 1~ 

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 I 145 I - I - I - I 145 I 145 I - I - I - I 145 I 145 I ­

UREMENT 146 I 146 I - I - I - I 146 I 146 I - I - I - I 146 I 146 

GDTlIH ~~:; 1::::::::::::::::::::1::::::::::::111 NOTE: GRAD lENT MODE SHOWO 
GDTl2H :1­

.......~~ 
GDT21H 180 FRAME 5Eo1 
GDT22H ~:3 ./ R~P RA"•.c 

GDTlIL 
GDTl2L ,2 

liiiiI::il.I.lil..!IE li"ili'iilil:l:iilll~ 
GDT21L I~:+'...J b

'0"" 

~.-J
GDT22L :~:~l[2 ~~:~~~8 

~ill iJ U]- :~::{::~ES %="I~ : : ::::::,,:

TE 

,~g:::::: IBr ,~:E I IIJ i 1I~~i.~~ I I I 
~~r:~: 
::::::~:~ 

. FEB 72 3270.7.13 
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HFE MEASUREMENT SEQUENCE PROGRAMMER 


THE MEASUREMENT SEQUENCE PROGRAMMER (MSP) I S A 16-STATE BINARY 
COUNTER USING 4 FLIP-FLOPS. ITS OPERATION CAN BE MODIFIED BY CMD 
TO PERFORM 8-STATE, 4-STATE, AND 2-STATE PROGRAMS. THE FLIP-FLOPS 
HAVE DUAL FUNCT IONS: 

• FORMAT HFE DATA BY CONTROLLING GATES TO THE OUTPUT REGISTER 
• SUPPLY MSP STATUS DATA FOR TM (P-BITS) 

NOTE THAT EXECUTION OF A MEASUREMENT CMD (141 THROUGH 146) DOES NOT 
RESET MSP. OPERATION CONTINUES FROM PREVIOUS STATE. 

IN DIAGRAM, THE SET (S) AND CLEAR (C) POSITIONS OFTHE FLIP-FLOPS 
CORRESPOND TO ONE AND ZERO IN THE TM. 

FEB 72 3270.7.14 
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IL-....., I 

.HFE MSP DIAGRAM 
00 DTH o
01 DTL 
10 T o PROBE 1 1
11,..----.-.J TC___ 1 PROBE 2 

/t t~M t 
A 

I 	 I I 

,OUTPUT I 


Fs) :P IADV 
P21 ~DIV .-------L

3 

r-.N-O-R-M-A-L.-. I 
(C5) 

• I I BYPASS(C6) I1 

o --~-t====~'B~Y~PASS P2(C4) 

(C7) NORMAL 
BYPASS(CS) I 

! 

11 BYPASS P 4 P3(C9) 
O· 

UPPER 
SECT ION 

LOWER 
SECTION 

t 
I 

, 90 + 8 FRAMES 

ADVANCE 
PULSES 

90- FRAME 

MARK 

NOTE-
SET, S =1 

CLEAR, C =0 


FEB 72 3270.7.15 
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HFE SUBSEQUENCE PROGRAMMER 
THE SUBSEQUENCE PROGRAMMER IS A 4-STATE COUNTER HAVING 
DUAL FUNCTIONS: 

• 	 CONTROLS GAT ING OF DATA, WITH I N A SU BSET, TO THE OUTPUT REG ISTER 
(WHERE THE TYPE OF SUBSET IS CONTROLLED BY THE MSP) 

• 	 SUPPLIES SUBSEQUENCE REG ISTER STATUS DATA FOR TM (R-B ITS) 

THE STATE OF R2 Rl CHANGES EVERY 
OTHER ALSEP FRAME (ONE 10-B IT WORD 
OF HFE DATA IN EACH ALSEP FRAME) 
STARTING WITH A RESET AT THE 90-FRAME 
MARK 

THE TRANS ITION FROM 11 TO 00 
BETWEEN 7 AND 8 MAR KS THE 
90 + 8 FRAME. THIS ADVANCES PI 
FROM ZERO TO ONE 

ALSEPR2 	Rl 

00 90,1 
01 2,3 
10 4,5 
11 ' 6,7 

FRAME NO 


8,9 
10,11 
12,13 
14,15 

R2 Rl READ OUT AS FIRST TWO BITS IN 
EVEN NUMBERED ALSEP FRAME 

FROM ALSEP FRAME 16 TO 89 THERE IS NO HFE DATA AND REGISTER CHANGES ARE 
INH I B ITED 

FEB 72 3270.7.16 
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HFE TIMING FUNCTIONS 

MODE 

MODE REGISTER (MI M2 M3) 

nom (oW) I(OOll 
MODE/G MODE/LK MODElHK, 

v 
/ 

SEQUENCEL J
I SEQUENCE REGISTER (P4 P3 P2 PI' I 


I 

t 

TEMP GRADIENT 
LOW SENS ITIVITY 

t 

(oIOO) TO (Olll) 

",\ 

I (oOll! I
GDTl2H GDT22H 

, 

TEMP GRAD lENT 
HI SENSITIVITY 

l t 
(0000) I (OOlo) J 
GDTllH GDT2IH 

I (oOOl) I 

4 HFE WORDS 
SUBSEQUENCE 
REGISTER (R2 RI ) 

t I f f 
(00) (H)(01) nO) 

-BRIDGE+BR lOGE +BRIDGE -BRIDGE 
EXC ITATIONEXCITATION OUTPUT OUTPUT 

8 ALSEP WORDS

" /v 

t t 
PROBE AMBIENT 
TEMP 

THERMOCOUPLES 
& REF JUNCTIONS 
(HOO) TO (Hll)noom TO nOll) 

540-55~30-645 
./

,,­
./ 

./
,,­

,,­
./ 

./ 
./ REP RATE = 

./ 
./ 720 ALSEP FRAMES 

~ ~ ./ 
./ 

360-375. 450-465 
=434.7 SEC 
=7.25 min 

./ 
./ 

./ 
./ 

~ ./ 

180~19(270-285 NOTE: 4 HFE WORDS 
98-105 HAVE DIFFERENTI IDEFIN ITiONS FOR 

0100 THROUGH 1111 
90-97 

8-15ALSEP FRAME 90-7 
n WORD/FRAME) 

FEB 72 3270.7.17 
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HFE GRADIENT MEASUREMENT INDEX 

DATA PROBE! EXC ITATION (R2R1) SUBSET DATASYMBOL ABBR P-B ITS SOURCE BRIDGE (SENS ITIV ITY) 

DH-Ol GDT llH 0000 lIUPPER f (00) + BRIDGE EXC ITATION 
DH-02 GDT 12H 0001 11 LOWER HIGH (01) + BR IDGE OUTPUT 

DH-03 GDT 21H 0010 DIFFER­ 2/UPPER 

U 
VOLTAGE l (0) - BRIDGE EXCITATION 

DH-04 GDT 22H 0011 ENTIAL 21 LOWER (ll) - BRIDGE OUTPUT 

DH-05 GDT IlL 0100 BRIDGE lIUPPER 1 ( (00) + BRIDGE CURRENT 
DH-06 GDT 12L 0101 GRAD lENT 11 LOWER LOW (OIl + BRIDGE OUTPUT 

DH-07 GDT 21L 0110 SENSORS) 2/UPPER VOLTAGE nO) -' BRIDGE CURRENT 
DH-08 GDT 22L 0111 21 LOWER (11) - BRIDGE OUTPUT 

DH-09 GT 11 1000 lIUPPER (00) + BRIDGE EXCITATION 
DH-I0 GT 12 !1001 11 LOWER HIGH lOll + BRIDGE CURRENT 

DH-11 GT 21 1010 (RESIS­ 2/UPPER 

J 
VOLTAGE 

,IJ \10) - BR IDGE EXC ITATION 
DH-12 GT 22 1011 TANCE) 2/LOWER , (11) - BRIDGE CURRENT 

DH-13 REF Tl 1100 REF JUNCTION BR HV SAME AS DH-Ol TO DH-04 

DH-14 THERMOCOUPLES IN (00) REF Tl-TCI (l) 

DH-24 TCI GROUP 1101 CABLE OF PROBE 1 (01) TC 1 (I)-TC 1(2) 
DH-34 WRT REF Tl (0) TCI (I)-TCI (3) 

DH-44 (1) TCI (I)-TCI (4) 

DH-15 REFT2 1110 SAME AS DH-13 HV SAME AS DH-Ol TO DH-04 

DH-16 THERMOCOUPLES IN 
(00) REF T2-TC2 (1) 

DH-26 TC2 GROUP 1111 CABLE OF PROBE 2 
(01) TC2 (I)-TC2 (2) 

DH-36 WRT REF T2 (10) TC2 (1)-TC2 (3) 
DH-46 (11l TC2 (I)-TC2 (4)

-

FEB 72 3270.7.18 
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HFE HEATER SEQUENCE PROGRAMMER 


") 

ADV 	 ADVr~~· ADV IH3 1. IHd. fHI • 

• 16-STATE BINARY COUNTER USING 4 FLIP-FLOPS 
• STATUS TRANSMITTED IN TM AS H-BITS (ALL 3 MODES) 
• EFFECT ON OPERAT ION AND DATA: 

• 	MODE/G - NO EFFECT (CAN BE ADVANCED VIA 

CMD 152 BUT PROBE HEATER CUR RENT 

SUP PLY ISO F F) 


• 	MODE/LK - CONTROLS ON/OFF STATUS OF 

8 HEATERS (4/PROBE) IN LOW MODE 

OF PROBE HEATER CURRENT SUPPLY 


• 	MODE/HK - CONTROLS DATA OUTPUT AND 

ON/OFF STATUS OF 8 HEATERS IN HIGH 

MODE OF PROBE HEATER CURRENT SUPPLY 


• PROBE HEATER ON/OFF STATUS IN ANALOG TM (ALSEP WORD 33) 
FEB 72 	 3270.7.19 
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HFE HEATER SELECT CODE 
o = PROBE I 

H4 { I = PROBE 2 

o = LOWER HEATER } (IN PROBE 
H3 {I = UPPER HEATER SECTION) 

H {O = UPPER SECTION} (IN 
2 I = LOWER SECTION PROBE) 

H = HEATER OFF{o
I I = HEATER ON 

H4 I" 1H3 I" 1H2 I" 1HI 


H3 H2 HTR NUMBER 

00 2 
01 4 (BOnOM) 
10 1 (TOP) 
11 3 

EXAMPLE: WHEN H-B ITS = 1011, 
HEATER H24 IS ON (WHERE 
H24 IND ICATES FOURTH 
HEATER IN PROBE 2) 

NOTE: 	 TH I S CODE APPLIES TO HEATER CONTROL 

IN BOTH· MODE/LK AND MODE/HK FEB 72 3270.7.20 
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--- -- -- ----

HFE MEASUREMENTS IN· MODE/HK 

SYMBOL ABBR PROBE BRIDGE H4 H3 H2HI 

DH-50 ROT II 0000 


DH-51 RT II 0000 

DH-52 ROT II .0001 

DH-53 RT II 0001 


DH-60 ROT 12 2 0010 

DH-61 RT 12 2 0010 

DH-62 ROT 12 2 0011 

DH-63 RT 12 2 0011 


DH-56 ROT II 0100 

DH-57 RT II 0100 

DH-58 ROT II 0101 

DH-59 RT II 0101 


DH-66 ROT 12 2 0110 

DH-67 RT 12 2 0110 

DH-68 ROT 12 2 oIII 

DH-69 RT 12 2 0111 


SYMBOL ABBR PROBE BRIDGE H4~H2Hl 

DH-70 . ROT 21 2 1000 

DH-71 RT 21 2 1000 
DH-72 ROT 21 2 1001 

DH-73 RT 21 2 1001 

DH-8Q ROT 22 2 2 1010 

DH-81 RT 22 2 1010 
DH-82 ROT 22 2 2 1011 
DH-83 RT 22 2 2 1011 

DH-76 ROT 21 2 1100 
DH-77 RT 21 2 1100 
DH-78 ROT 21 2 1101 
DH-79 RT 21 2 1101 

DH-86 ROT 22 2 2 1110 
DH-87 RT 22 2 2 1lI0 
DH-88 ROT 22 2 2 IIII 
DH-89 RT 22 2 2 IIII 

• DATA ALTERNATES BETWEEN DIFFERENCE (BRIDGE) AND AMBIENT (RESISTANCE! 
MEASUREMENTS FOR .THE SET OF RING SENSORS NEAREST THE SELECTED HEATER 

ALSEP FRAMES PI (a) MEAS TYPE (b) ABBR (c) 

90 TO 7 0 DIFFERENCE RDTNN 

8 TO 15 I AMBIENT RTNN 

• NOTES 
(a) P-BITS, OTHER THAN PI' ARE MEANINGLESS IN MODE/HK 
(b) MEASUREMENT CONTENT: 

R2 RI DIFFERENCE I AMB lENT 

00 + BRIDGE EXCITATION VOLTS 

01 + BRIDGE OUTPUT I + BRIDGE CURRENT 
10 . . - BRIDGE EXCITATION VOLTS 

~1l~ ' ­ BRIDGE OUTPUT I - BRIDGE CURRENT 

(c) NN IDENTIFIES SENSOR (BRIDGE) LOCATION 

FEB 72 3270.7.21 
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HFE COMMAND DETAILS 

OCTAL CMD NUMBER 

IJ5 HFE MODE/G SEl 

THIS CMD IClilS A I-STATE CMD_ IT PLACES THE HFE IN THE GRADIENT. 
OR NORMAL. MODE OF OPERATION IN WHICH MEASUREMlNTS ARE OBTAINED 
FROM THE GRADIENT SENSORS AND CABlE THERMOCOUPLES UNDER THE 
CONTROL OF THE MSP. CtAD 1lS ALSO TURNS OFF THE PROBE HEATER CURRENT 
SUPPLY. DIFFERENT MEASUREMENT SEQUENCES IN MODE/G MAY BE SELECTED 
BY TRANSMITTING SUBSEQUENT CMDs_ AT POWER TURN-ON. THE HFl 
INITIALIZES IN MODEIG. If THE HFE IS IN MODE/G. TRANSMISSION OF 
CMD IJ5 HAS NO EFFECT_ 

NOTE THAT THE HFE INPUT BUfFER HOLDS CMOs FOR EXECUTION AT THE 
9D-FRAME MARK: THUS. SEQUENTIAL CMOs MUST BE TRANSMITTED AT 
LEAST 54 SEC APART. 

IJ6 HFE MODE/LK SEL 

THIS CMD IC111S A I-STATE CMD_ IT PLACES THE HFE IN THE LOW 
CONDUCTIVITY. OR RING SOURCE. MODE OF OPERATION IN WHICH 
MEASUREMENTS. AND SEQUENCES. ARE IDENTICAL TO MODElG_ IT ALSO 
TURNS ON THE PROBE HEATER CURRENT SUPPLY IN THE LOW IRING SOURCEI 
MODE ALLOWING HEATERS TO BE ACTIVATED BY CMD 151_ IF THE HFE IS 
IN MODEILK. TRANSMISSION OF CMD IJ6 HAS NO EFFECT. 

140 HFE MODE/HK SEl 

THIS CMD IC31 IS A I-STATE CMD. IT PLACES THE HFE IN THE HIGH 
CONDUCTIVITY. OR HEAT PULSE. MODE OF OPERATION IN WHICH 
MEASUREMENTS ARE OBTAINED FROM THE RING lOR REMOTEI SENSORS 
UNDER THE CONTROL OF THE HEATER SEQUENCE PROGRAMMER. NOTE THAT 
CMD 144 IC71 MUST ALSO BE TRANSMITTED BEFORE VALID DATA WILL BE 
OBTAINED IN MODE/HK. EITHER CMD MAY BE TRANSMITIED FIRST. 
CMD 140 ALSO TURNS ON THE PROBE HEATER CURRENT SUPPLY IN THE 
HIGH. OR HEAT PULSE. MODE ALLOWING HEATERS TO BE ACTIVATED BY 
CMD 151. IF THE HFE IS IN MODE/HK. TRANSMISSION OF CMD 140 HAS 
NO EFFECT. 

141 HFE SEQ/FUL SEl 

THIS CMD IC41 IS A I-STATE CMD. IT CANCELS THE EFFECT OF CMOs 141 
THROUGH 146 CAUSING THE MSP TO PERFORM ITS FULLI6-STATE CYCLE OF 
OP£RATION IN MODEIG OR MODEILK. IF TRANSMITIED DURING MODElHK 
OPERATION. THIS CMD WILL CAUSE INVALID OPERATION UNTIL CMD 144 
IS EXECUTED. AT POWER TURN-ON. THE HFE INITIALIZES IN SEQ/FUL. 
If THE HFE IS IN MOD£JG OR MODE/LK AND IN SEQ/FUL. TRANSMISSION 
OF CMD 141 HAS NO EFFECT. 

142 HFE SEQ/PI SEL 

THIS CMD IC5I IS A I-STATE CMD AND ALTERNATES WITH CMD 143 TO 
SElECT ONL Y ONE PROBE FOR MEASUREMENT. IN MODE/HK TH IS CMD IS 
MEANINGLESS. IN MODEIG AND MODEIlK IT CAUSES THE MSP TO LOCK 
FLIP-FLOP PI IN THE CLEAR STATE AND BYPASS PI THUS THE MSP ACTS 
AS AN 8-STATE COUNTER IF CMD 141 WAS PREVIOUSLY EXECUTED. OR AS 
A I-STATE COUNTER IF CMD 144. 145 OR 146 WAS PREVIOUSLY EXECUTED. 
SEQ/PI IS CLEARED BY SUBSEQUENT EXECUTION OF CMD 141. 

143 HFE SEQ/PI SEl 

THIS CMD IC61 IS A I-STATE CMD AND ALTERNATES WITH CMD 141 
TO SELECT ONLY ONE PROBE FOR MEASUREMENT. IT HAS THE SAME 
CHARACTERISTICS AS CMD 142 EXCEPT THAT FLIP-FLOP PI IS LOCKED 
IN THE SET STATE. 

144 HFE LOAD I 

THIS CMD IC7I IS A I-STATE CMD AND IS USED ALONE OR IN COMBINATION 
WITH CMD 145 OR 146 TO POSITION AND LOCK TWO FLIP-FLOPS IP4 PJI OF 
THE MSP. CMD 144 PLACES P4PJ IN THE CLEAR POSITION 1001 AND 
BYPASSES THOSE STEPS. THE MSP THEN ACTS AS A 4-STATE COUNTER IF 
CMD 141 WAS PREVIOUSLY EXECUTED AND AS A I-STAlE COUNTER IF 
CMD 141 OR 14J WAS PREVIOUSLY EXECUTED. THIS APPLIES TO MODE/G 
AND MODE/LK. IN MODEiHK CMD 144 MUST BE EXECUTED TO OBTA IN 
VALID DATA. CMOs 145 OR 146 MAY BE USED IN MODEIG OR MODE/LK. 
FOLLOWING CMD 144. TO LOCK P4 P, IN THE 10 OR 01 STATE RESPECTIVEl Y. 
THE EFfECT Of CMD 144 IS Cl£ARED BY SUBSEQUENT EXECUTION OF CMD 141. 
NOTT: WHEN IN MODEIG OR MODEILK 00 STATE PROVIDES HIGH EXCITATION 
DIFFERENTIAL TTMPERATURE DATA ONLY_ 

145 HFE LOAD 1 

THIS CMD ICBI IS A I-STATE CMD AND IS USED IN COMBINATION WITH 
EITHER CMD 144 IPRECEDING 1451 OR CMD 146IPRECEDING OR FOLLOWING 
1451 TO POSITION AND LOCK P4 PJ ISE~ CMD 1441. CMD 145 POSITIONS 
FLIP-FLOP PJ IN THE SET STATE. THEREFORE. 144-145 YiElDS DilLOW 
EXCITATION DIFFERENTIAL TEMPERATURE DATA ONLYI WHILE 145-146 
YIELDS 11 iCABLE THERMOCOUPl£ DATA ONLYI. EXECUTION OF THIS CMD 
IN MODE/HK CAUSES INVALID DATA UNTIL CMD 144 IS EXECUTED. THE 
EFFECT Of CMD 145 IS Cl£ARED BY SUBSEQUENT EXECUTION OF CMD 141. 

146 HFE LOAD J 

THIS CMD IC911S A I-STATE CMD OP£RATING ESSENTIALLY THE SAME AS 
CMD 145 EXCEPT THAT IT POSITIONS fliP-flOP P4 IN THE SET STATE. WHEN 
PRECEDED BY CMD 144 IT YIELDS 10 FOR P4 PJ IAMB lENT TEMP£RATURE 
DATA ONLYI. EXECUTION OF THIS CMD IN MODElHK CAUSES INVALID DATA 
UNTil CMD 144 IS EXECUTED. 

lSI HFE HTR STTPS 

THIS CMD ICIOIIS A 16-STATE CMD WHICH ADVANCES THE HEATER 
EXC ITATION PROGRAMMER IH4 H) HZ Hli EACH TIME THE CMD IS EXECUTED. 
IN MODEIG THE PROGRAMMER ADVANCES BUTH THERE IS NO OTHER EFFECT 
SINCE THE PROBE HEATER CURRENT SUPPLY IS OFF. IN MODEILK THE 
EXECUTION Of CMD l51 ALTERNATES THE HEATTR STATUS BETWEEN ON AND 
OFF. SIMULTANEOUSLY STEPPING THROUGH THE BHEATERS ICURRENT SUPPLY 
IS ON FULL TIME AND HEATER ElEMENTS ARE SWITCHED IN AND OUT OF 
CIRCUITL IN MODElHK THE HEATER EXCITATION PROGRAMMERIADVANCED 
BY CMD l521 ALSO SElECTS THE DATA TO BE SAMPl£D. 
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HFE ANALOG DATA 


AH-Ol HFE +5V SUPPLY 
AH-02 HFE -5V SUPPLY 
AH-03 HFE +15V SUPPLY 
AH-04 HFE -15V SU PPLY 
AH-05 (DELETED) 
AH-06 HFE HTR/HK ON/OFF 
AH-07 HFE HTR/LK ON/OFF 

EACH SAMPLED ONCE­
EVERY 54 SEC ALSEP ~ 

SEQUENCE 
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HFE THERMAL CONTROL 


PDU t( • • HFE 

HFE OPER SEl HFE OFF 
OPER KLiXON 

+20oC 
NOMINAL 
SET POINT 

29V STBY 

HFE STBY SEl SURV IVAl AND 
OPERAT IONAl 
HEATER 4.3W 

INSTRUMENT 
ELECTRON I C S , 

RETURN 


NOTE: 	 ADD ITIONAl THERMOSTAT TURNS A PORTION OF INSTRUMENT 
ELECTRON ICS OFF DUR ING FRAMES 16 THROUGH 89 WHEN 
TEMP. IS ABOVE 30°C NOMINAL FEB 72 3270.7.24 
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HFE POWER PROFILE 

CONDUCT IV ITY HEATERS TURNED 

ON & OFF BY GROUND CMD NM =NIGHT MAX 
; ,.. to DM=DAYMAX 

DA =DA YAVERAGE 

THERMAL CONTROL 
~HEATER RANGE 

6 

WADS 

4 

2 

o 
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HFE EMPLACEMENT CRITERIA 


PARAMETER REQU IREMENT PRIORITY IND ICATOR COMMENTS 

u.J 
(!) 

«::..: 
u « 
0­
VI 

:2 
z 
0 
0:: 
I-
u 
u.J 
~ 

u.J 

D I STANCE FROM 
SUBPACKAGE 1 

25-30 FT 
(30 ft CABLE) 

2 PACED OFF 
TO OBTAIN PROBE 
SEPARATION FROM RTG" 

DIRECT ION FROM 
SUBPACKAGE 1 

NORTH 2 VISUAL GREATER THAN 800 FROM 
RTG 

LEVEL 

ALIGN WITH 
UHT SHADOW 
AT DECAL 

±. 5° OF VERTICAL 

±So OF E-W 

2 

2 

BUBBLE INTERACTS WITH 
ALIGNMENT. 

ARROW 
AND SHADOWS 

THERMAL REQ FOR SUN 
SH IELD SHADONS TO 
ALIGN WITH PLATE EDGES 

N-
VI 
u.J 
co 
0 
0:: 
Cl.. 

I 

D I STANCE FROM 
ELECTRON IC S 

18 ± 1 ft 
-(l6Fr CABLE 

. MARKS) 
1 

PACED OFF 
(CABLE MARKED 
FOR DEPTH) 

TO OBTAIN 30 ft 
SEPARATION BETWEEN 
PROBES (REQUIREMENTI 

DIRECTION FROM 
ELECTRON ICS 140° APART 1 

PROBE AND RTG 
SEPARATION'" AVOID 
SHADOWS OR ANY 
OTHER DISTURBANCE 
FROM ALL SUBSYSTEMS 

VERTICAL 
ALIGNMENT 

WITHIN + 15° 2 VISUAL OBJECTIVE 
FOR DR ILLING 

EXPERIMENT 
INTERRELATION 

"SEPARATION DISTANCE FROM RTG: 40 ft MINIMUM, 
AVOID MAJOR DISTURBANCES (TRAMPLING, ETC.) AND SHADOWS IN.17 ft 
CIRCLE AROUND PROBE. 
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HFE ALIGNMENT MARKINGS 

\.FLAT CABLE TO } 

CENTRAL STATION 

INDICATlON~ \~~tD 

~P~~;E 
EMPLACEMEN1 
TOOL 

0 

=C:J 
-c:J 
C"'oIO 
c"c::::::l 
Jrc:::::' 

~~ 

'<:><' 

+/ N 

(V~V).. UHT SHADOW ...:!:.....; _...._•. 0=­
UHT 

~'UHTt::::::J ... 
- ~CI, SHADOW 
~O)

\, 

TO PROBE 1 TO PROBE 2 
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----------­- -­ ----­~,...<>~-
~..,..--

----.J',- ­ _ 

• BATIERY SHELF LIFE 

APOLLO LUNAR SURFACE DRILL 
• 	EARTH WEIGHT, lB: 29.54 (TOTAl) 

• 	STOWED SIZE, IN.: 22.7 X 9.6 X 7 
(NOT INC DRill STRING & CAPS) 

• 	DRill OPERATED BY SELF-CONTAINED BATIERY 

• 	BATIERY INSTAllED 5 DAYS PRELAUNCH 
DRY: 2YR 

{ ACTIVATED: 30 DAYS 

• 	DRilLING PRINCIPLE: ROTARY­
PERCUSS ION 

• 	TORQUE REACTION SYSTEM: NONE 
(MINIMAL VERTICAL & ROTARY 
REACTION, EVEN IN ROCK) 

• 	DR IlLiNG TIME: 5 TO 15 MIN/HOLE 
(DEPENDING ON MATERIAL) 

.~-

- ------=:: ~--	 .--"'--. 
~ 

FEB 72 3270.7.29 


http:3270.7.29

	Title

	Table of Contents

	1. Background and Overview

	2. Power and Data Subsystems

	3. Lunar Surface Gravimeter

	4. Lunar Mass Spectrometer

	5. Lunar Seismic Profiling Experiment

	6. Lunar Ejecta and Meteorites 
	7. Heat Flow Experiment


