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Section 1 

Alsep System Description 



AlSEP SYSTEM SUMMARY 

REQUIREMENTS AND CONSTRAINTS 

SYSTEM DESCRIPTION 

ARRAY A DESCRIPTION 

MISSION PROFilE 

ARRAY B DESCRIPTION 

ARRAY C DESCRIPTION 

ARRAY D DESCRIPTION 

EASEP DESCRIPTION 

LANDING SITE: 

LATITUDE: LATITUDE: 

APOLLO 11-13 

LONGITUDE: 

±450} 
LONGITUDE: ;J 45° 

PLUS MAR IUS HILLS 

ASTRONAUT TASKS 

SIMPLE AND SAFE DEPLOYMENT SEQUENCE 

MAXIMUM DEPLOYMENT TIME FLIGHT 1 · 90 MINUTES 

MSFN/MCC COMPATIBILITY 

MULTIPLE OPERATION 

SIMULTANEOUS OPERATION OF THREE ALSEPS 

POWER 

SNAP-27 RTG · 63 WATTS AT ONE YEAR 

7759-5100 

APOLLO 14 
& LATER 

7759-5102 
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SYSTEM REQUIREMENTS AND CONSTRAINTS 
liHHME· ONf YEAR 

LAUNCH VEHICLEo 

INTERNAL (SEQ BAYSI 

VOLUMEo 15 CUBIC FEET 

WEIGHTo 215 POUNDS 

THERMAl: 20°F TO 160°F OURING FLIGHT 

EXTERNAL (FiJEL CASK) 

WEIGHTo 65POUNDS 

THEilMAL: < 100 BTU/HR INPUT TO l.M 

ENVIIlONMENTAL 

VIBRATION LAIJNCH,IIOOST, AND LUNAil OESCI'NT 

LlJNAfl SUilfACf 

lEMI'FilA T Ufl(' · ·:100°1' ro 1150°f 

VACUUMo < 10 "12 TO FIR 

DUSTY MOON 

!-Ill 



ALSEP FliGHT ASSIGNMENTS 

APOLLO 11 

APOLLO 12 

APOLLO 13 

APOLLO 14 

APOLLO 15 

APOLLO 16 

EASEP 

ARRAY A 

ARRAY B 

ARRAY C 

ARRAY A-2 

ARRAY D 
7759-5103 

ARRAY A 

CONFIGURATION DESCRIPTION 

7759-5104 
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STOWED CONFIGURATION 
., AL~~~~J-

SUPRA THERMAL 
ION OffiCTDR 

SUBPACKAGE NO. 1 

ALHT 
,~'CARRIER 

AIMING MECHANISM ~ 
Ill 

PASSIVE SEISMIC EXPERIMENT fR ,... 
SUBPACKAGE NO. 2 "' 

ALSEP IN STOWED CONFIGURATION 

\UIII'AI.¥Am ~~. I 
~IN tHI•LOVfll 

t:ONfiGURAfiONI 

PA',',fVf',I(\M!i 
~~~IIIHMIIH 

PA\SIVI lfiSMIC fXI'fiHMfNT 

7759·5106 
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ALSEP CENTRAL STAT ION 

\lilf>ola ..... l 
.. 1NilMtHIIII1tKiiiiiiiWIGI 

J.l.(l\+.: ........... ~ 
ft.~ ...,...,,...rs 

- . 
...... 1*111:,.\ 

:f\ 
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AlSEP SUBPACKAGE NO. 2 

1-1~ 
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SUBPACKAGE NO. 2 

Ul'flftUMAllc»> Df1ict011 

IG£ 101)1, i()~ 

~ ·~~..: .. - 111 

7759-5119 
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SIDE 

CCIG · 

(,RO!JN{J 

'>( RIHJ 

/ \,1/0UNO 

7759-5121 

l-\1 
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CASK !lOMl 1001 
!PART Of HfCIRICAl 
POW£R SUB'>YSI!MI 

&, 

SPECIAl TOOlS 

All W£1\.111\ All[ IARIH lB 

UHT 0. ;3 Lfl 
lACH 

l4.o lB Hill CA<,K MOIINI y, IN'ilii,~IION. PARI ill \iRIICIIJRf'HifRMAl 
\liR'>Y'>ffM, UlVIIH.IJIINIJfll flfCllliCAI i'IIWI R ',111\'.Y'.I[M 7759-5123 
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FUEL CASK SUPPORT ASSEMBLY 

CASK/8AND 
ASSY 

HEAT SHIELD 
ASSY 

SUPPORT 
STRUCTURE 
ASSY 

7759-5127 
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AlSEP MISSION 

PROFilE 

PRElAUNCH PHASE 
ARRAY A 

I<SC ALSEP INTEGf~ATION 

INSTALLATION IN LUNAR MODULE 

RTG CAS I< LOADING 

7759-5130A 

7759-51308 



INSTAlLATION IN lUNAR MODUlE 

• SLIDE IN 

• LIFT AND INSERT PIP PINS 

• CLOSE THERMAL DOOR 

INSTALLATION 
FIXTURE 

RTG CASK LOADING 

7759·5131 

7759·5132 
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ALSEP DEPLOYMENT TIMEUNE 

• KEY TO MISSION PLANNING 

• THIS Tl MELINE IS FOR REFERENCE ONLY - THE Fl NAL Tl MEL! NE WILL CONFORM 
TO THE FLIGHT PL!\N 

• ALSEP l TJMELINE, NMN EVA 

LEGEND: 

---- EVENT Ll NE 

~ TEAM ACTIVITY. BOTH EVA CREWMEN REQUIRED TO ACCOMPLISH 
8BS A GIVEN TASK 

IT:] COUPLED ACTIVITY. BOTH CREW MEMBERS ARE WORKING ON RELATED TASKS 
lliJ AND ARE IN VOICE COMM WITH EACH OTHER. VISUAL CONTACT BETWEEN 

CREWMEN IS HIGHLY DESIRABLE BUT NOT MANDATORY 

~ UNCOUPLED ACTIVIr:·· CREW MEMBERS WORKING ON UNRELATED TASKS 
lillU AND PROCEEDING INDEPENDENTLY 7759.5133 

ALSEP 
DEPLOYMENT 

TASKS 
ASSOCIATED 

WITH lM 

ALSEP 
DEPLOYMENT 

TASKS AT 
EXPERIMENT 

SITE 

LUNAR SURF ACE ACTIVITY 

DEPLOY 
EXPERIMENTS 

7759·5134 



ACTIVITY TIMEUNE [CONT.) 
,\liiJ ',[( 

AU< f. 

--+------·-------·--- I(H, 

(l.'tl' 

I 
~ 

I 

!~110\ I'll! !'H. ~1 

\1'·'>111 

M(INIIOil !Oil '>l\fll1 

RF "1 TUW Hl!Oi\1') 

ll(l\1(.1 

Clll:d \I() iJAY DOOR 

1111 MINI 

01111\lN r:, '-.!UW (;J()IIll;JCAl 

' ltlOt ', 
(11/ \I U 

1\1 i11UVI l'l' I.".' 

('d\11 I 

ill tnt A!f !'K(, #/ 

111\IU 

f(!MIJVI 1\!1!1 

1<1? '->1 Ll 

1{1 MOVI ;<, Ul !>HJY /\I'->! I' 
]()()1', 

WI 1\1\IN :UJ',IU 

( ~ll /'WJVI 
1'Al.t:i'IU J 

ALK & 

I !OC 

ALK & 
!.l.!£Q~.[ I~! /\!JY I 01{ I Ull 

l iV\N\.:.:.Ic..:i !,<_ -----...L.J...--- ----------'---1 '-''_; ---- '--
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REMOVE PACKAGES 
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ACTIVITY TIM EliNE (CONT.) 
MIN. ;I(' COMMANIJIR At:liVIIY lM 1'11.01 ACIIVI'IY MCC & !~I MARK~ 

CONTINUI SlOWING 

' GlOLOGICAl TOOlS 

t 
I 

I 
HOfAll PKG *2 UP HIGHT & 
REMOVE SUBPALlH 

•p 140 SEC I 
I MONITOR fOR SAHTY & ROTATE FUEL CASK CRANSFER) I SUPPLY TOOLS 143 SEC I FUEL 

lilljiAT!y£1 REMOVE CASK DOME 
I 126 SEC I 

I 
TRANSFER FUEL CAPSULE 

10! MIN 08 SEC I ~& 
01:24 REPORT: RTG fUlLED LOG 

07:25 ASSEMBlE BARBELL 

I 
RETRif V!. SUHPALLET CONFIGURATION (PRfPARE FOR 

(16 SIC! IUSfCI ~& TRAVERS!. 

OlM REPORT; START Of TRAVERSE LOG 

OI:SJ CARRY SUBPALll1 & ALHT 
LEAD TRAVERSE CARRY BARBELL 
PICK ROUTE 
REST AS NECESSARY REST AS NECFSSARY ITRAVERSEI 

(5 MIN 52 SEC I 15 MIN 52 SEC I I d45 REPORT: TRAVERSE COMPll1F ACK & 
liiG 

RTG FUELING 

Jllf.RMAI \IIIII D 

7759·5140 
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PREPARE FOR TRAVERSE 

7759-5144 

J-3& 
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TRAVERSE 

--·----~ ------
- --. .:=' _:::::--

~ 

-~~--
~~ 

--=~"""~--

7759-5146 

/ 
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ACTIVITY TIM ELINE (CONT.) 
MIN, SFC COMMANDIR ACTIVITY lM PilOT ACTIVITY MCC & REMARKS 

1H6 

I 
T£MPORAR ll Y EMPlACE DEPlOY MASTIPKG 11 
SUBPAlLI 1 & Al.HT 122 SfCI 

04 SEC I 

~ 
ROTATE PKG 12 

19 S!CI 
Of PLOY PKG 12 

101 MIN 3 ;[CI MONITOR FOR SAFfTY 
CEPLOY) ClNTRAL 

STAT ION 

IS, 12 JW:Qfll, AMMETER R!APING 
ACK & 

15,13 lOG PH-ZERO 
CONNECT RTG TO CENT STA 

(02 SEC) REMOVf. SIDEICCIG & 

DISCONNECT & STOW MAST CONNECT CABlE 

158 SEC I 141 SECI 
ACTIVAff RTG SW 

12 SCCI 
e&J$.& co 

16, lJ ill.l'l.lli.L RlG SW ON '<I' 
l6d4 lOG ~ 

U) 

I ROTATE PKG 11 OII'LOY I'Sf STOOL a, 
U) 

114 SlCI 118 SlCI ,... 
1••28 

,... 
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ACTIVITY TIME LINE 
(CONT.) 

---~ MIN: SEC ' COMMAND[R ACliVITV lM PILOT ACliVITV MCC & RfMARKS 

1~19 R!LIAS£ SWS 

I 132 SEC! 

I R£L£AS£ PS£ OfPlOY SWS 

i 132 S!CI WI MIN 22 SEC I 

I REMOVE LSM 
1>4 SfCI l!L':Q!!!. AUGNM£Nl COMPl£ f 

' ~ 

!frtTAIIl::U 

OfPlOY I'Sf 
CPLOV) 101 MIN OS SIC I CENTRAL 

R£l£ASf SUNSHI£LD STATION 

I IDlMINl B!.f.QB.l. ALIGNM£NT VAlUlS 6>!. 
I 

(DIPIOV) 
! OfPlOY tSM IXP!R 

I Of PlOY SUNSHIHO lflZMIN 14\!U I 
(DEPlOY ) 

~5] SfCI ~ AlfGNMINTVAlUfS ~ ANHNNA 

AS'\IMIHI ANTfNNA 01 PLOY \Ill I ICC IG I lO?MINlll> SfCI 101 MIN -17 \ICI 

t:ONfUtM: Al!tl Sl fliNG "".,, I'""' toJMIN 01 SICl 

ACfUAT£ SW-1 OHlA IN 1\o\t I H IC 
flltOTOGHAPU) OF 

I 
l!l.!l!.!l.i! XMTR ON UfPlOYIO AlS.fP 

If AlSfP 00£\ NOT RESPOND ... 
ID AClUAH SW 2 AND 'iW J COMMAND. XMTR ON ... 

~- TMSlATUS ID 
1&(11) ~- SW POSITIONS. ~ I r8 

& LOG .... 
TBD RllliRN fO tM H!ll!RN 10 lM 

.... 

DEPLOY EXPERIMENTS 
sws PSl LSM SIDE 

CARRY 13 FT CARRY 10 FT CARRY 50 FT CARRY 55 FT 
EXTEND LEVELING LEGS REMOVE G I ROLE DEPLOY SUPPORT LEGS PLACE ON SURFACE 
PLACE ON SURFACE PLACE ON STOOL PLACE ON SURFACE DEPLOY GROUND SCREEN 

(PARTIALLY UNFOLD SHROUD UNFOLD SENSOR ARMS RELEASE CC IG 
SfLF-LEVELINGl LEVEL BY BALL REMOVE PRA COVERS EMPLACE SIDE ON 

ALIGN BY INDICATOR LEVfL BY BUBBLE GROUND SCREEN 
SHADOWS READ All GNMENT ALIGN BY EMPLACE CC IG 

BY GNOMON SHADOWGRAPH LEVEL BY BUBBLE 
SHADOW READ SHADOWGRAPH ALIGN BY 

ALIGNMENT SHADOWS 

7769-5162 
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1-44 



1-45 



1-46 



1-47 



1-48 



1-49 



ARRAY B 

CONFIGURATION DESCRIPTION 

ALSEP SUBPACKAGE (ARRAY B) 

7769·5159A 

7769-51598 

J-50 
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CABLE 
REEL 

CPLEE REMOVAL 

MOUNTING 
FITTINGS 

ASTRONAUT: 

• RELEASES FASTENERS 
• INSERTS UHT 
•LIFTS EXPERIMENT 
• REMOVES UHT SOCKET PIN 
• ROTATES EXPERIMENT 

SUNSHIELD 
7759-5163 

/-54 
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ARRAY B SUBPACKAGE 2 

7759-6167A 

l-5<i 
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MISSION PROFILE 
UNIQUE TO ARRAY B 

PRELAUNCH PHASE 

SAME AS ARRAY A PLUS ALSO INSTAllATION 
(RECHARGED BATTERY) AT F-12 HOURS 

LUNAR SURFACE ACTIVITY 

CPLEE DEPLOYMENT 

HFE DEPLOYMENT 

CCGE DEPLOYMENT 

DRilliNG OPERATIONS 

ARRAY C 

CONFIGURATION DESCRIPTION 

7759·6110 

7759-5171A 

J-L" 



LANDING SITES 

LONGITUDE LATITUDE 

AfellO 11 SEA OF TRANQUILITY 34 E 3N 

APOLlO 12 OCEAN OF STORMS 42W 3S 

APOllO 13 FRAMAURO 17W 4S 

~POll014 LITTROW 29 E 22N 

APOlLO 15 DAVEY RillE 6W 11 s 

APOLLO 16 MARIUS HILLS 56.5W 14.5N 

APOLLO 17 DECARTE 16 E 10S 
en ... 

APOLLO 18 COPERNICUS 20W 10 N 
,... 
.... 
Ill 

APOLLO 19 HADLEY APENNINES 2E 26N 
m ,... ,... 

STOWED CONFIGURATION 
[ALSEP4j 

RTG 

ALHT 

~.J2~~~::r~ CARRIER 



ALSEP SUBPACKAGE NO. 1 

7769-5173 

THERMAL MODS FOR ARRAY C 

SUNSHIELD CURTAIN 

!PART OF STRUCTURE)--tr- .----,"---~'RESTRAINTS (3) 

~ ' ~ 
~:.,,:--.,~ _..........REAR CURTAIN 
'~~ 1~ 

·-.~~~'-- .. 2N 
. "-.. ~ ~., REFl£C1DR/ 

~lj~SIDE 
: ~; INSULATION CURTAINS 
I : : MASKS 

I , 
THERMAL PLATE ~ --

~ .··: PRIMARY 
THERMAL BAG~--.---j-'1 ·..--. ~: STR. UCTURE ~..>}.- 7759-5174 

, . . r (REF) 



1-65 



1-66 



1-67 



1-68 



1-69 



ALSEP ARRAY "D" 

ASE 

PSE 
STOOL 

EASEP 

CONFIGURATION DESCRIPTION 

H. F. PALLET 

7769-6180 

7769-6181A 
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EASEP I ALSEP HISTORY AND PLAN 
JUNE l%5 - WOODS HOLE CONFERENCE ESTABLISHED SC llNTIFIC GOALS 

JULY 1965 - FALMOUT CONFERENCE SCREENED SCIENTIFIC PROPOSALS 

APOLlO LUNAR SURFACE EARLY APOLLO SCIENTIFIC 
EXPERIMENTS PACKAGE!ALSEPl EXPERIMENT PAPLOAD IEASEPI 

AUG !965 - NASA STARTED 
PRELIMINARY DESIGNS 
(THREE CONTRACTORS) 

MARCH1966-

OCT 1968 - START OF EASEP 
DEVELOPMENT US lNG 
PARTS OF SECOND 
ALSEP PLUS NEW 
EQUIPMENT 

JULY 1968 

OCT 1968 

START OF DEVELOPMENT 
PROGRAM TO BUILD FOUR 
FLIGHT ARTICLES (BENDIX 
PRIME CONTRACTOR) 

DELIVERY OF FIRST 
FLIGHT ARTICLE 

DELIVERY OF SECOND 
FLIGHT ARTICLE 

THIS SIMPLIFIED PACKAGE WILL ALLOW 
THE ASTRONAUTS TO CONCENTRATE ON 
MAKING A SAFE LUNAR TRIP AND WILL 
PRODUCE IMPORTANT SCIENTIFIC DATA 
LONG AFTER THE FLIGHT 

PLANNED MISSION ASSIGNMENTS 

APOLLO 11: EASEP 

APOLLO 12: ALSEP A II CONTAIN 8 DIFFERENT 
APOLLO 13: ALSEP B EXPERIMENTS IN 

APOLLO 14: ALSEP C SETS OF 4/FLIGHT 

EASEP STOWED CONFIGURATION 

PASSIVE SEISMIC 
EXPERIMENT 

7769-61818 

TILTING 
HANDLE 

LASER RANGING 
RETRO-REFLECTOR 

7769-6182 

1-11 



{ 

SOLAR 
ElECTRICAL PANEL 
POWER ARRAY 
SUBSYSTEM PCU 

PSEP SUBSYSTEMS 

DATA 
SUBSYSTEM 

ASSEMBLY SEISMIC 
SENSOR } PASSIVE 

CENTRAL EXPERIMENT 
ELECTRONICS 

7759-5183 

PSEP STRUCTURE/THERMAL SUBSYSTEM 

SECOND 
SURFACE 

e COMPONENTS & FUNCTION 

• DE Pl0YM£NT 

e COMMANDS & DATA 

(fOlDED!~· . , 

DETECTOR 
( ·., . 

SOlAR .... ",:. 
PANEl ' SOLAR PANEl liNKAGE 
RESTRAINING !DEPlOYED! 
BRACKETS 141 7759-5184 

l-1~ 
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--·---

LUNAR SURFACE PHASE 
-·-·· ---~~·- ·----

DEPLOY 
PSEP 

J-11 
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ALSEP FLIGHT 1 RELIABILITY 

SUBSYSTEM RELIABILITY GOAL CURRENT RELIABILITY PREDICTION 

POWER 0.9900 0.9819 

DATA 0.9642 0.8760 

STRUCTURAL/THERMAL 0.9997 0.9926 

PASSIVE SEISMIC 0.9900 0.9322 

MAGNETOMETER 0.9900 0.7644* 

SOLAR WIND 0.9900 0.8643* 

SIDE/CCGE 0.9900 0.6803* 

*GFE PREDICTIONS FURNISHED BY NASA. 

ALSEP FLIGHT 1 
SUBSYSTEM FIGURE OF MERIT 

7759-5195 

PROBABILITY OF SUCCESS FIGURE OF MERIT 
SUBSYSTEM 12 MONTH OPERATION 12 MONTH OPERATION 

ELECTRICAL POWER 
SUBSYSTEM 0.98194 0.98907 

DATA SUBSYSTEM 0.87662 0.937333 

STRUCTURAL THERMAL 0.99256 0.994623 

PASSIVE SEISMIC 
EXPERIMENT 0.9322 0.965811 

LUNAR SURFACE MAGNET· 
OMETER EXPERIMENT 0.7644 0.876814 

SOLAR WIND EXPERIMENT 0.8543 0.925255 

SIDE/CCGE 0.6803 0.829915 
7759-5196 
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ALSEP ARRAY A (FLT 1) 
LUNAR PERFORMANCE INCENTIVES 

1'iNOV'69 
100 

17MAA '70 
I 13NOV'70 

TOTAl.- ,._Cm.l_T!I AVAitAnU 

eCfNTAAl MTAHON 
eRECEIPTOf~NQA DATA 1 
e CONTINUOUS DATA IC/81 6 
e fiNAL TURNOff 

e PASSIVE SEISMIC 
CONTINUOUS Ol'fRA TION 

eUIM INITIAL DATA 

eSWfi!NITIAl DATA 

e!ltOf/CCtu: INITIAL DATA 

TOTAL 

30 -~-in- --io--lio-lio---;-io---Tto--"*o~~--·-Eo---3io 
DAYS OF LUNAR OPERATION 

7759-5198 

ALSEP FLIGHT 1 PROBABILITY OF SUCCESSFULLY 
OBTAINING SCIENTIFIC DATA ON EARTH 

100 

71l ,... 
en .... 
Ill 
dl 

'---l•M._O--------~~~M-,•,-------------~~~~M~(~l------------,~~~M~(~)------------~~(J 1:: 



Section 2 

Alsep Power System 



RTG/ ASTRONAUT INTERFACE 

··---·- -· -~--

I CO\<TR! i '<T RESOLUTION 
-
THER~IAL, 0 THERMAL BARRIER !SMALL DOORl PROTECTION WHI UE AT SEQ BAY 
0 NO SUIT CONTACT WITH • LANYARDS FOR CASK ROTATION & DOME LOCK 

SURFACES MORE THAN 250°F o TOOL FOR DOME REMOVAL 
•MINIMIZE HEAT LOAD ON SUIT 0 TOOL FOR FUEL TRANSFER, CASK TO GENERATOR 

I 

COOLING EQUIP o SUBPACKAGE 2 CARRY PLACES RTG AWAY FROM SUIT 

NUCUEAR: o PU 238 IS a: EMITTER 
0 NO HAZARDOUS DOSE 0 a: PARTICUES ARE ENTIRELY ABSORBED IN HEAT GENERATION 

• ONLY SECONDARY TYPES I Y & NEUTRONS I GET OUT 
• LOW EXTERNAL FIELD, VERY LOW DOSE UEVEL 

EUECTR I CAL: o RTG CABUE HAS SHORT! NG SWITCH IN CONNECTOR 
• NO EXPOSED CHARGED o ASTRONAUT READS AMMETER, REMOVES DUST COVERS, 

CONTACTS ENGAGES CONNECTOR, & ACTIVATES SWITCH 

OPERATIONS 

PREPARE CASK FOR TRANSFER, 2 MIN; TRANSFER FUEL CAPSULE CASK TO GENERATOR, 1 MIN; DEPLOY 
SUB PACKAGE 2, UNREEL CABUE & MAKE CONNECTION, 2 MIN I ALL TIMES ARE APPROXJ 

7759-5819 

FUEL CASK DESIGN CONSTRAINTS 
CASK & CAPSULE DESIGN 

CLASSICAL AERO­
DYNAMIC SHAPE 

. GRAPHITE MATERIAL 

SYSTEM REQUIREMENT 

ENVELOPE RESTRICTIONS 

DIFFICULTY TO GRASP 

NO METALLIC PROTRUSIONS 
OR ATTACHMENTS 

NO INDENTATIONS 

LOW COEFFICIENT OF 
THERMAL EXPANSION 
(1.0 X 10·61 

WEIGHT- 421b 

NEGLIGIBLE LOAD CARRY­
ING CAPABILITY. 

_ SYSTEM DESIGN 

DESIGN LIMITED BY SLA 
WITHDRAWAL ENVELOPE 

BASKET DESIGN WITH 
ADJUSTABLE BANDS 

. ADJUSTABLE BANDS 

INCREASED STRUCTURAL 
MEMBERS (SIZE AND NUMBER) 

SAME GAEC INTERFACE 

ALLOWABLE LOAD PATHS TO 
LM AND LOAD POINTS OF CASK 
WERE ACCOMMODATED BY BASKET 
DESIGN, LONGITUDINAL STRUCTURAL 
MEMBERS AND ADDITION OF LINKAGE 
IN VERTICAL PLANE. 

7759-6200 

J-1 



ICS DEPLOYMENT REQUIREMENTS 

MAX FORCE 

TRUNNION RELEASE 20 LB 

SPLINE RELEASE 20 LB 

TILT FUNCTION 

LOWER AND RAISE 20 LB 

DRT ENGAGEMENT 20 LB 

DOME REMOVAL 80 IN- LB 

CAPSULE REMOVAL 20 IN- LB 

7759-6208 

ALSEP/CASK/LM 
INTERFACE SPECIFICATION REQUIREMENTS 

VERSUS QUALIFICATION TEST RESULTS 
INTERFACE SPECIFICATION TEST 
SPECIFICATION REQUIREMENT RESULTS 

1. MAXIMUM FUEL CASK SURFACE s:; 835°F TEMPERATURE BXA/GE 830°F 

2. MAXIMUM FUEL CASK CIRCUM-
FERENTIAL TEMP GRADIENT BXA/GE s:; 150°F 105°F 

3. MAXIMUM HEAT LEAK TO LM BXA/GAEC ~ 100 BTU/HR 33 BTU/HR 

4. MAXIMUM LM SKIN SURFACE 
TEMPERATURE (EXCEPT ASTRO· 

~ 270°F NAUT THERMAL DOOR) BXA/GAEC 258°F 

5. ASTRONAUT THERMAL DOOR s:; 450°F TEMPERATURE BXA/GAEC 432°F 

6. MAXIMUM CASK THERMAL s:; 600°F SHIELD TEMPERATURE BXA 598°F 

7. MINIMUM AVERAGE FUEL CASK 
SURFACE TEMPERATURE 

.;?_ 125°F DURING CASK COOLING BXA/GE 161°F 

8. MAXIMUM AVERAGE FUEL CASK 
SURFACE TEMPERATURE DURING 

_$. 350°F CASK COOLING BXA/MSC 194°F TO 287°F* 

9. ASTRONAUT PROTECTION GUARD BXA/MSC ~ 250°F 105°F 

*FOR FLOW RATE RANGE BETWEEN 15 TO 35 LB/MIN 7759-6209 



FUEL CASK AND MOUNTING 

REQUIREMENTS: LESS THAN 100 BTU/HR 
TO LM & LM SKIN 270'F MAX 

THERMAL SHIELD 2. 8 LB 

MOUNTING & 
STRUCTURE 
II. 92 LB 

LM INTERFACE 
~--17~~:::.{ FIITINGS 

!GRUMMAN! 

ROTATION MECHANISM 
!LANYARD OPERATED! 

!ADJUSTABLE BY ASTRONAUT! 

SUMMARY OF EARTH WT 

POWER STRUCTURE/THERMAL 

~~:~ YS ~~ 0 LB ~~~7;:Rf.S ~;7~ TE"':l ~e,H-,.,IE,-,L0,.-01 "'B070LB 
NOT INC MTG & STRUCTURE 11 92 
l50LBFU£L 
CAPSULE 

MISC IASTRO PROITCTI 5 28 
TOTAL 20 0 LB 

OPERATIONS 

RELEASE LATCHES AND DOME LOCK, ROTATE CASK, 
UNSCREW CASK DOME WOME REMOVAL TOOU, 
TRANSFER FUEL CAPSULE !FUEL TRANSFER TOOU 
APPROX TIME 3 MIN, INC IN PRE-TRAVERSE TOTAL 

7759-5820 

RTG CUTAWAY 

FND PLATE 
OF FUEL CAPSULE 

HOT FRAME 

HERMETIC SEAL 

THERMOELECTRIC 
FUEL CAPSULE 
ASSEMBLY 

COUPLE ASSEMBLY 

OUTER CASE HEAT REJECTION 
(COLD FRAME) FINS 
ASSEMBLY 

7759-5821 

;?-3 









FUEL CASK STRUCTURE ASSEMBLY 

7759-5807 

ALSEP CASK ASSEMBLY [ACA1 SIDE VIEW 

7759·6210 

;;.-? 



ACA SIDE AND FRONT VIEW 

CTL~ 
~ 
i 

P- , 

\ 
\ 

·-~t""'-~~t;::--::' 
- ---- __ j r,;>f;fo)i' 

--~- ~- ~4'o~LC- ' ~.C,~""'' 

ACA PLAN VIEW 

7759-6212 

7759-6211 



TRUNNION RELEASE MECHANISM 

TEST SEQUENCE 
1. PROTO MODEL 

VIBRATION 
THERMAL VACUUM 
TILT TEST 

2. D2 MODELS (QUAL & FLIGHT) 

WEIGHT & C.G. 
VIBRATION 

3. QUALIFICATION MODEL 

ACCEPTANCE TESTING 

WEIGHT & C.G. 
VIBRATION 
TILT TEST 

. 775\9-6214 

7759-6201 



TEST SEQUENCE (CONT') 

3. QUALIFICATION MODEL (CONT') 

QUALIFICATION TESTING 

ON-PAD COOLING SIMULATION 
THERMAL VAC 
LAUNCH AND BOOST VIBRATION 
LUNAR DECENT VIBRATION & SHOCK 
FUNCTIONAL Tl L T TEST 

4. FLIGHT MODELS 

WEIGHT & C.G. 
VIBRATION 
TILT TEST 

7759-6202 

ACCEPTANCE TEST PROGRAM OUTLINE 

FLIGHT 1 

1. RECEIVING INSPECTION 
2. ALIGNMENT AND ASSEMBLY 
3. WEIGHT AND C.G. MEASUREMENTS 
4. LAUNCH VIBRATION 
5. FUNCTIONAL TILT TEST, NO.1 
6. INSPECTION 
7. FUNCTIONAL TILT TEST, NO.2 

COMPLETION DATE 

20 DECEMBER 1968 
31 JANUARY 1969 
4 FEBRUARY 1969 
6 FEBRUARY 1969 
6 FEBRUARY 1969 
10 FEBRUARY 1969 
4 JUNE 1969 

7759-6203 

cJ.-!0 



ACCEPTANCE TEST 
PROGRAM OUTLINE (CONT') 

FLIGHT 1 BU 

1. RECEIVING INSPECTION 
2. ALIGNMENT AND ASSEMBLY 
3. WEIGHT AND C.G. MEASUREMENTS 
4. LAUNCH VIBRATION 
5. FUNCTIONAL TILT TEST, NO.1 
6. INSPECTION 
7. FUNCTIONAL Tl L T TEST, NO. 2 

24 FEBRUARY 1969 
26 FEBRUARY 1969 
27 FEBRUARY 1969 
5 MARCH 1969 
5 MARCH 1969 
6 MARCH 1969 
9 JUNE 1969 

7759-6204 

ACCEPTANCE TEST 
PROGRAM OUTLINE (CONT') 

FLIGHT 2 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

RECEIVING INSPECTION 
ALIGNMENT AND ASSEMBLY 
LAUNCH VIBRATION 
FUNCTIONAL TILT TEST, NO.1 
INSPECTION 
WEIGHT AND C.G. MEASUREMENTS 
FUNCTIONAL TILT TEST, NO.2 

1 APRIL 1969 
4 APRIL 1969 
8 APRIL 1969 
8 APRIL 1969 
10 APRIL 1969 
10 APRIL 1969 
11 JUNE 1969 

7759-6205 



ACCEPTANCE TEST 
PROGRAM OUTLINE (CONT') 

FLIGHT 3 

1. RECEIVING INSPECTION 
2. ALIGNMENT AND ASSEMBLY 
3. LAUNCH VIBRATION 
4. FUNCTIONAL TILT TEST, NO.1 
5. INSPECTION 
6. WEIGHT AND C.G. MEASUREMENTS 
7. FUNCTIONAL TILT TEST, NO.2 

9 APRIL 1969 
11 APRIL 1969 
15 APRIL 1969 
15 APRIL 1969 
16 APRIL 1969 
21 APRIL 1969 
17 JUNE 1969 

7759-6206 

ACCEPTANCE TEST 
PROGRAM OUTLINE (CONT') 

FLIGHT 4 

1. RECEIVING INSPECTION 
2. ALIGNMENT AND ASSEMBLY 
3. LAUNCH VIBRATION 
4. FUNCTIONAL TILT TEST, NO.1 
5. INSPECTION 
6. WEIGHT AND C.G. MEASUREMENTS 
7. FUNCTIONAL TILT TEST, NO.2 

22 APRIL 1969 
23 APRIL 1969 
24 APRIL 1969 
25 APRIL 1969 
29 APRIL 1969 
29 APRIL 1969 
17 JUNE 1969 

7759-6207 



VIBRATION SAFETY ENCLOSURE Z AXIS 

7759-6213 

VIBRATION SAFETY ENCLOSURE X AND Y AXIS 

CLOSEO LOOP AIR CIRCULATION SYSTEM 

TEAM II 
BEARINGS~ 

SHIMS 

SLIP PLATE 7759-6215 



2.0 

ACA QUAL LEVEL SINE WAVE VIBRATION 
LUNAR DESCENT PHASE 

5 · 100-5 Ht 
SCAN RATE · 1 OCT/MINUTE 
TOLERANCE ± 10% 

I 
I 
I 
I 
I 
I 
I 
I 

30 "' FREQUENCY Hz 

ACA QUAL LEVEL RANDOM VIBRATION 
LUNAR DESCENT PHASE 

~ I 
~ I 

~ I 
"" i I 

: I 
I 
I 
I 
I 
I 

TEST TIME • 12Y. MINUTES/AXIS 
TOLERANCE~±. 3 db 

;~r:1R~~~~E: I~ ~-~o/~:s 

c.o 
c::i 
c.o 
dl 
L!) 
r-. 
r-. 



ACA FLIGHT LEVEL SINE WAVE VIBRATION 

TOLERANCE~ 

y--2.53 
2.3 -------------

2.0 

5-100 H1-

SCAN RATE 3 OCT/MINUTE 

TOLERANCE t. 10% 

1.0 

60 75 100 FREQUENCY Hz 

ACA QUAL LEVEL RANDOM VIBRATION-LAUNCH 
AND BOOST PHASE 

016 --------- ---r------. 

ACA QL"AL lEVEL R.ANDClM 

VIBRATION~LAUNCH AND BOOST 

PHASE 

TEST TIME ~ 2Y, MINUTES/AXIS 
TOlERANCE "t3db 

7759-6219 



HALF SINE SHOCK PULSE CONFIGURATION AND ITS 
TOLERANCE LIMITS (+X, ± Y, ±Z DIRECTION) 

+3g HIGH TOLERANCE 

.75g --====-~ ..... ~--/7 
ZERO 

-3g LOW TOLERANCE 
--3g LOW TOLERANCE 

I ··-· I "' Jr ~ 
11ms ·I 7759-6220 

( ACA ) INTERFACE THERMAL SPECIFICATION 
REQUIREMENTS VS. QUALIFICATION TEST 

RESULTS 
MAXIMUM 
SPECIFICATION TEST 

REQUIREMENT SPECIFICATION ITEM VALUE RESULTS 

1. FUEL CASK SURFACE TEMP BXA/GE CASK 'S:835°F 830°F 

2. FUEL CASK CIRCUMFERENTIAL 
TEMP GRADIENT BXA/GE CASK :s;150°F 105°F 

3. HEAT LEAK TO LM BXA/GAEC LM <100 BTUIHR 33 BTU/HR 

4. LM SKIN SURFACE TEMP BXA/GAEC LM 0:::270°F 258°F 

5. ASTRONAUT THERMAL DOOR TEMP BXA/GAEC LM <:450°F 432°F 

6. ACA THERMAL SHIELD TEMP BXA ACA <:soo°F 598°F 

7. MINIMUM AVERAGE FUEL CASK SURFACE CASK 
TEMP DURING CASK COOLING BXA/GE COOLING -?125°F 161°F 

8. FUEL CASK SURFACE TEMP DURING CASK 
CASK COOLING BXA/MSC COOLING <;3s0°F l95°F 

9. ASTRONAUT PROTECTION GUARD BXA/MSC CREW <;250°F 105°F 

7759-5916 

~-II> 



ALSEP CASK ASSEMBLY 
THERMAL QUALIFICATIONS TEST PROGRAM 

PRELAUNCH CASK COOLING 

10 FLOW TESTS 

FLOW RATES 15 TO 35 LB/MIN 

PURGE TEMPERATURE 80 TO 130°F 

NOZZLE PRESSURE .12 TO .64 PSI 

EARTH ORBIT WITH SLA ON AND MAX SOLAR HEATING 

SLA TEMP 250°F 

CHAMBER PRESSURE 1 X 10"
6 

TORR 

CRYOWALL ·300°F 

10-HOUR TIV TEST 

ACA THERMAL QUALIFICATION TEST 
PROGRAM (CONT') 

7759-6221 

TRANSLUNAR FLIGHT WITH SLA OFF AND MAX SOLAR HEATING 

SOLAR INPUT 130 WATTS/FT2 

CHAMBER PRESSURE 1 X 10·6 TORR 

CRYOWALL -300 °F 

36-HR TIV TEST 

TRANSLUNAR FLIGHT WITH SLA OFF AND NO SOLAR HEATING 

NO SOLAR INPUT 

CHAMBER PRESSURE 1 X 10·6 TORR 

CRYOWALL ·300°F 

36-HR T/V TEST 

7759·6222 

) -17 



;2-/;;? 







SUMMARY OF AIR SOAK AND 
THERMAL/VACUUM RESULTS 

--------, ----------.. -a-•\ . 
RETURN TO AMBIENT} 

7759-6226 

SUMMARY OF ALSEP CASK ASSEMBLY 
MAXIMUM TEMPERATURES DURING PRELAUNCH 

FLIGHT AND LUNAR DEPLOYMENT,°F 
PRELAUNCH FLIGHT DEPLOYMENT 

1. CASK SURFACE 200°*:!: 40°* 830° 820° 

2. CASK DOMES 160° 600° 590° 

3. CAPSULE SURFACE 1250° 1400° 1400° 

4. CIRCUMFERENCIAL BANDS 200°:!: 40°* 750° 730° 

5. THERMAL SHIELD, FRONT 95° 600° 580° 

6. THERMAL SHIELD, REAR 80° 230° 225° 

7. LM THERMAL DOOR 80° 430° 420° 

8. ACA ASTRONAUT GUARD 90° 105° 105° . 
VARIATION DUE TO CASK COOLING FLOWRATE RANGE. 

I' 
N 
N 
Cl) 
a, 
Ill 
I' 
I' 



ALSEP CASK COOLING CONFIGURATION 

i 

I I ! 
' I 

~--J 

7759-6228 

CASK COOLING INTERFACE 



ACA PRELAUNCH COOLING REQUIREMENTS 
COMPARED TO APOLLO 12 
PERFORMANCE RESULTS 

REQUIREMENT SPECIFICATION APOLLO 12 
RESULTS 

CASK SURFACE TEMPERATURE, °F <350 185 TO 200 

ACA SENSOR TEMPERATURE, °F < 300 150 TO 165 

I.U. FLOWRATE (MIN), LB/MIN 180 210 

I.U. INLET TEMPERATURE, °F 55 TO 130 60 TO 120 

CASK COOLING NOZZLE PRESSURE, PSI 0.30 0.42 

CASK COOLING NOZZLE FLOWRATE, LB/MIN 18.2 28 

7759-6230 

ACA TEMPERATURES DURING PRELAUNCH 
CASK COOLING 

Supply Ccmportmeflt 

T"mp. °F T"""P· °F 

---- --
200 --...--- -------- ---
,,~,...,,, ---'----+,---L.--..,,&-,, ----L--;ii;----J---;;1;:-'--t:o-"---t 

NOZZLEINLETPRESSURE-psog 

'"' TOTAL L U. MANIFOlD INLET FLOWRATE · 1b/mon 7759-6231 



ACA TEMPERATURES FOR PREDICTED 
CASK COOLING 

I.U. OPERATING RANGE 

SUPPLY TEMP. COMPARTMENT 

200 2t----......;;::-':........;;;:--,...;;;:""f~"'';;:-,.......::-'----t--' _:_°F_ TEMP. °F 

CASK SURFACE 

I 
BAND SENiOR 

OPERATING RANGE 

100 
10 20 30 40 

CASK COOLING AIR MASS FLOWRATE, lb/mm 

100 150 200 260 

LU. TOTAL FLOW RATE-1b/mm 

130 
80 
90 

130 
62 
80 
90 
62 

80 
80 
68 
80 
69 
80 
68 
69 

50 60 70 80 90 100 

7759-6232 

APOLLO 12 ACA CASK COOLING PERFORMANCE 
(COOT) 

J. 
'·' no -t--- DUSCETR:~~~~~:-phAE:,URE~ 2C47 "' fV 

"' ~ 20 - r'-~· 

\ ESC FLIW RATEI2A21 

'" ~ 1.0 

- f----
'" I 
"' 
"' 00 

RTG NOZZLE PRESSURE. 0193-336 

"' - ,_, --iJ CASc:::::t:~UREI8275T 
'" 

~ '" 

'" 
rL ~ olucTrET"ERATUrE· 12At 

I ~)::1---T--\ (/ ~ 
" 

!k. SERVICE ARM TEMPERATURE 12C'l0 

~ ~ L. A !(,_, ~ - • ~JMeARfM,~TTl~e<RA1UR'.~ ),;,.~ " 

" 
-~L",L ~ v-

" 
PERCENT REHEAT. 42A07 ' 

0 I I 
0200 0300 "'" '"' 0000 "" '"' """ 1000 1100 '"" 1300 "" 1500 "" 175 

EST, 28 OCTOBER 1969. HOURS 



ACA TRANSIENT TEMPERATURE RISE AFTER 
REMOVAL OF AIR FLOW 

'~r-------------------------------------------------------------------~ 

MMH MIN IGNITION TEMP. IN 0.5%0
2 

ATMOSPHERE ---------------------------------------
CASK EXTERNAL SURFACE 

CASK SENSOR 

lal I.U. MASS FLOW RATE= 150 lb/mln@ B0°F or 

(b) LU. MASS FLOW RATE= 200 lb/min @1130°F 

I.U. MASS FLOW RATE= 200 lb/min @S0°F 

20 40 60 80 140 

TIME FROM REMOVAL OF COOLING AIR. MINUTES 

7759-6234 

SUBPACKAGE 2 THERMAL INTERFACE 
REQUIREMENTS AND CONSTRAINTS 

• PASSIVE THERMAL DESIGN AND INTEGRATION 

• NONOPERATING TEMPERATURES IN LM 0 TO 160°F 

• RTG THERMAL DISSIPATION 1500 WATTS 

• RTG COLD FRAME TEMPERATURE 4000 TO 500°F 

•HEAT LEAK FROM RTG TO PALLET 20 TO 80 WATTS 

• RTG BLOCKAGE BY ALSEP EQUIPMENT <4o/o 

• PALLET 2 LUNAR OPERATIONAL TEMPERATURES -300° TO 450°F 

• MAXIMUM CREW TOUCH TEMPERATURE 250°F 
7759-6235 



SUMMARY OF SUBPACKAGE 2 KEY THERMAL 
CONTROL DESIGN FEATURES 

• PALLET -FLEXIBLE, LOW THERMAL CONDUCTANCE MOUNT 
-THIN HONEYCOMB ALUMINUM SKINS 
-HIGH TEMP., LOW~/t = (.2/.9)Z-93 WHITE COATING 
-CLEAN PALLET UPPER SURFACE AFTER DEPLOYMENT 

• SUBPALLET -REMOVABLE SUBPALLET WITH EQUIPMENT 
-WHITE COATING ON EXTERNAL SURFACE 
-MINIMUM CREW TASKS NEAR RTG DURING WARM UP 

• CRSW TOOLS {DRT,FTT AND UHT) -DURABLE LOW 'Vt 3M 401 WHITE COATINGS ON TOOLS 
-MINIMUM CROSS SECTION AREA,MAXIMUM LENGTH ON TOOLS 

• RTG -REFLECTIVE GOLD FINISH ON FTT FACING CAPSULE END PLATE 

-HIGH TEMPERATURE IRON TITANITE COATING (.85/,85) 

ANTE:-JNA, HOUSING, CARRY BAR, 

CABLE REEL AND MISC. EQUIPMENT -DURABLE 3M WHITE THERMAL COATING 

7759-6236 

SUMMARY OF RADIATIVE PROPERTIES OF SURFACES 
ON SUBPACKAGE NO. 2 THERMAL MODELS 

Corr,)l)ent~ 

)M401 '..fu1te Paint 

_3M4-01 Wnite Pabt 

J~401 l~'hi te Paint 

_3M4:J1 \.fhhe Paint 

_3.\140~ '..lhite Paint 

Iron Ti tinate 

S- jG White Pain-t 

7759-6237 
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RTG AND PALLET 2 LUNAR OPERATING 
TEMPERATURES 

OUter Shell & 
Cold Frame Ass 1 y. 

(450, 400) 

I 

l (350, 300) 

Pallet Under RTG 

(320, 150) 

RTG/PAL Interface 
(400, 375} 

RTG/SUBPACKAGE TEMPERATURE HISTORIES 
DURING DEPLOYMENT 

700 

600 

500 CAPSULE END PLATE 

COLD FRAME 

400 
FINS 

300 

zoo 

100 

10 20 30 40 50 60 

ELAPSED TIME- MINUTES CAPSULE l'\'SERTED AT TJ]I.1E c 0 7759-6239 



RTG AND PALLET TEMPERATURES 
DURING COMPLETE LUNATION 

'-<JGlrr 0 lO flO 90 IZO 150 lBO 

RTG CASK LOADING 

7759-6240 

7759-5850 
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TRANSFER FUEl 

• ROTATE PKG #2 & REMOVE SUB PALLET 
USE UHT TO ROTATE PKG #2 UPRIGHT 
RELEASE BOYD BOLTS, REMOVE SUBPALLET FROM PKG #2 

• ROTATE FUEL CASK FOR FUEL TRANSFER 
RETRIEVE CASK LANYARD 
ROTATE LEVERS 
PULL SPLINE 
ROTATE CASK TO DES IRED ANGLE 

• REMOVE CASK DOME US I NG D RT 

•TRANSFER FUEL CAPSULE 
ENGAGE m WITH CAPSULE 
LOCK TOOL TO CAPSUL~ TO RELEASE 

FROM CASK 
WITHDRAW CAPSULE 
LOWER INTO RTG 
RELEASE TOOL FROM CAPSULE TO 

LOCK IN RTG 7759-5837 





Section 3 

Passive Seismic Experiment 



DR. GARY LATHAM WILL PRESENT THE FOLLOW lNG SLIDES: 

• MEASUREMENTS LIST 

• LPZ- SCHEMATIC DIAGRAM OF FEEDBACK-CONTROLLED SEISMOMETER 

• LPZ MODEL - PHOTO 

• PICTORIAL REPRESENTATION OF FINE LEVELING SYSTEM 

• SPZ MODEL 

• PICTORIAL REPRESENTATION OF CAGING CONCEPT 

• COMPARISON SEISMOGRAMS 

• EARTH Tl DES 

• PROBLEM AREAS 

• NOMINAL RESPONSE VS. MODIFIED RESPONSE FOR LP SEISMOMETERS 

• SEISMIC DISTURBANCES DURING ECLIPSE 

• DOME CONCEPT FOR THERMAL SHROUD 

• ASTROSEISMS- SIGNAL FROM ARMSTRONG ON LADDER 

• LM ASCENT SIGNAL 

• MAP SHOWING LM IMPACT AND ALSEP LOCATIONS 

• SEISMOGRAMS SHOWING LM IMPACT SIGNAL AND TWO NATURAL EVENTS 

• TIDES AND TEMPERATURES FROM ECLIPSE 

THESE WILL BE PUBLISHED AS ADDENDUM I IN THE FINAL COMPILED EDITION 
OF BSR-2900. 

SECTION 3 



SENSOR/SHROUD ARRANGEMENT 

COVER 

TRIAXIAL LONG PERIOD 
SEISMOMETER 

SENSOR HEATERS 

=~~~::;~e7:~•NG ----JII1ltlj jn .... -L~ ff~~:~i~~~=;:;i;=~H 
f::!:b~W--+-1--JiliJT---- ~~~~~C~EtiOD 

SEISMOMETER 

LEG 

DEPLOYMENT TASKS 

REMOVE LEVELING STOOL FROM SUBPACK 2 

DEPLOY STOOL AT 9 ±. 1 FT E OR W OF C/S 

REMOVE SENSOR FROM SUBPACK 1 

PLACE SENSOR ON STOOL, ROUGH ALIGN (GIRDLE ARROW) 

REMOVE SHROUD GIRDLE PIN ANO GIRDLE 

DEPLOY SHROUD SKIRT 

LEVEL SENSOR TO ±.5° (BUBBLE LEVEL) 

READ ALIGNMENT ANGLE (GNOMON SHADOW ON COMPASS ROSE) 

7759.5222 
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PHYSICAL PARAMETERS 

WEIGHT 

DIMENSIONS 

POWER 

SENSOR 18.4 LB 
SHROUO 2.9 
CSE 4.2 
STOOL 0.3 

SENSOR 11.1 X 9.1 DIA INCHES 

SHROUD 15X11DIA 

CSE 7.25 X 6.50 X 2.75 

STOOL 2.3 X 11 DIA 

STANDBY 3.5WATTS 
FUNCTIONAL 4.2 
THERM CONT 2.8 (MAX) 
LEVELING 3.0 (PER AXIS) 

VERTICAL SEISMOMETER 

JACK SCREW 

SLIDE NUT 

LA COSTE 
SPRING 

25.8 LB 

7759-5232 

7759-5218 



HORIZONTAL SEISMOMETER 

REMOVABLE 
LUNAR 
MASS 

LONG-PERIOD SEISMOMETERS 

LONG-PERIOD VERTICAL 
"Z" AXIS 

"X" AXIS 
7769-5216 

.3-/0 
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SHORT -PERIOD SEISMOMETER 

Suspension 
Spring I 

'-.Coli Assembly 
tfhcetJio 

lmtrurnent 

7759-5215 
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BLOCK DIAGRAM, SP SENSOR 

SENSOR ASSEMBLY I CENTRAL STATION ELECTRONICS ASSEMBLY 

I ATTENUATION 
I COMMAND 

I 
I 

SEISMIC 
COIL 

PREAMPLIFIER I-L
1
_.-t ATTENUATOR 

I 

,-----' 
I 
I CALIBRATION 

: COMMAND 

I 
CALIBRATION I CALIBRATION 
COIL M!-f--1 SWITCH 

...__.,.. _ _,SHORT 

____ _,PERIOD 

COMMAND 

CALIBRATION 
ATTENUATOR 

SIGNAL 

TO 
MULTIPLEXER 

7759-5224 

CAGING SYSTEM SCHEMATIC 

DISTRIBUTION 
MANIFOLD 

LACOSTE SPRING 
~:----.. CAGING ASSEMBLY 

LONE-PERIOD 
HORIZONTAL 

:= ~ .. __ . ' SEISMOMETER ---,--x (TYPI 
. · ; LONG-PERIOD 

' CAGING BELLOWS 
- (6) 

UNCAGING 
MECHANISM 
CAGING SYSTEM 
EXHAUST PORT 

CAGING SYSTEM 
PRESSURIZING 
LINE (EXTERNAL) 

7759-5213 



UNCAGING MECHANISM 

PISTON 
ACTUATOR 

EXHAUST-+--\-\\---'" 
PORT 

CAGING SYSTEM 
PRESSURIZATION 
LINE 

PISTON 
ACTUATOR 

LINE TO 
PRESSURE DISTRIBUTION 
MANIFOLD 

PRESSURE 
TRANSDUCER 

7759-5214 

BLOCK DIAGRAM, TEMPERATURE CONTROL 

DC 
REFERENCE 
EXCITATION 

TEMPERATURE 
SENSING ELEMENTS 

3KHz 
EXCITER 

BY-PASS 

ON-OFF 

COMMAND 

POWER 
CONTROL 

VOLTAGE 
AMPLIFIER 

29 DVC 
HEATER POWER 
FROM ALSEP 

TEMPERATURE 
ANALOG SIGNAL 

TO MULTIPLEXER 

7759-5225 

3-1~ 



+12VDC 

COMMAND FUNCTIONS 
GAIN CHANGE LPX, LPY: 

GAIN CHANGE LPZ: 

GAIN CHANGE SPZ: 

CALIBRATION LP: 

CALIBRATION SP: 

FEEDBACK FILTER: 

COARSE SENSOR: 

LEVELING MODE: 

LEVELING SPEED: 

LEVELING DIRECTION: 

LEVELING POWER, X MTR: 

LEVELING POWER, Y MTR: 

LEVELING POWER, Z MTR: 

THERMAL CONTROL MODE: 

UNCAGE: 

0, -10, -20, 

0, -10, -20, 

0, -10, -20, 

ON, OFF 

ON, OFF 

IN, OUT 

IN, OUT 

-30DB 

-30DB 

-30DB 

AUTO, COMMAND 

LOW, HIGH 

PLUS, MINUS 

ON, OFF 

ON, OFF 

ON, OFF 

OFF, AUTO, ON 

CAGE, ARM, UNCAGE 

BLOCK DIAGRAM, POWER CIRCUITS 

7759-5220 

f-----------------..--<-+12VDC 

7759-5223 

.3-17 



DATA OUTPUT 
SCIENCE CHANNELS.: 43 WORDS PER FRAME 

SPSENSOR 29 WORDS PER FRAME 

LPXSENSOR 4 WORDS PER FRAME 

LPYSENSOR 4 WORDS PER FRAME 

LPZSENSOR 4 WORDS PER FRAME 

LPXTIDAL 1 WORD PER 2 FRAMES 

LPYTIDAL 1 WORD PER 2 FRAMES 

LPZ TIDAL 1 WORD PER 2 FRAMES 

TEMPERATURE 1 WORD PER 2 FRAMES 

ENGINEERING DATA: 8 WORDS PER 54 SEC 

FRAME LENGTH: 64 WORDS 

WORD LENGTH: 10 BITS 

FRAME RATE: 1 FRAME/0.604 SEC 

BENDIX RERDSPRCE SYSTEMS D!Vl5li)N - THERMOPHYSICS GROUP 
APOLLO LLINRR SURFRCE EXPEFIP1E.Nf5 PRCII:RGE lfLlC.HT 1 - APOLLO 121 - Tli!FIO RLSEP LUNRTION 

SUNI11S£011TQJI tJAN:JA"'f 11, !'.!70! RT020QGM1 
SUNillSE OAr 0~6 tFESRUAFIT 1 S, 1970J FIT 1600 GM I 

I 
PASSIVE SE!S~IC lNSll\U~ENI TE~PtMIU~E IF!~ST LUNRTIONJ 

A OL-01 PI!SS!n Sf!SM!C !NSI~U~ENI IE"PEMTU~E 11~1~0 LUNRT!Ohl 
<1 Ol.-07 PASSIVE SE!SMJC !NSTRUMF.IIT TEMPERATURE (FOURTH LUNATION) 

' 

T:E;MPERATt.llu; 
l>t DAY 
lnd DAY IH .O.r!NC 

1~3~---

ll~l .~~~. 00 
0RT 0!7 

00 

"' 
00 

"" 

I ! 

00 

"" V02 

00 

"" 
00 

"" 

7759-5221 

7759-5236 



THERMAL ANOMALY AND 
POSSIBLE NOISE PROBLEM 

THERMAL ANOMALY 

INSTRUMENT SPECIFICATION: 126± 18F, DESIGN GOAL±_ 4F 

lUNAR TEMPERATURE 

FIRST DAY 
SECOND DAY 
THIRD DAY 
FOURTH DAY 

POSSIBLE NOISE PROBLEM 

NOON TEMP 

134 F 
142 F 
145 F* 
144 F 

NIGHT TEMP 

75 F* 
75 F* 

126 F** 
126 F** 

CONSIDERABLE INSTRUMENT TILT WAS RECORDED AT SUNSET AND SUNRISE 

MAY BE CAUSED BY SHROUD PUlliNG 

SCIENCE CONSIDERATIONS 

THE TEMP VARIATION OF lESS THAN±_ 2°F IS REQUIRED TO OBTAIN FUll TIDE DATA 

THE INSTRUMENT TILT RECORDED AT SUNSET AND SUNRISE MAY BE NATURAl lUNAR 
EVENT: THIS CAN'T BE VARIFIED UNlESS POSSIBLE SHROUD PROBlEM IS ELIMINATED 

SEISMIC DATA IS INTERRUPTED BY REPEATED lEVEliNG DUE TO OUT-OF-SPECIFICATION 
VARIATION 

ESTIMATED 
WITH lEVELING MOTOR ON 7759-5233 

PSE AND LUNAR SUBSURFACE THERMAL MODEL 

j' 



APOLLO 12 PSE THERMAL STUDY RESULTS 

MAX LUNAR DAY TEMP INCREASED FOR FIRST 
THREE LUNAR DAYS FROM 134° to 145°F 

IMPROPER DEPLOYMENT OF PSE SKIRT ATTRIBUTED 
TO ELECTROSTATIC CHARGE BETWEEN LUNAR 
SURFACE AND MYLAR MATERIAL 

SHROUD THERMAL CONDUCTIVl'fY is 
HIGHER THAN SPECIFIED VALUE 

SPECIFIED 2.5 X 10'5 BTU/HR·FT·F 

ACTUAL 7.5 x 10·4 BTU/HR·FT·F 

EXTFRNAL SURFACE OF SKIRT DAMAGED BY 
LM EXHAUST OR DETERIORATED IN 
LUNAR ENVIRONMENT 

MYLAR SHIRT (<yf)NOM •• .15/.37 

ACT ~ .37/.37 

TEFLON SHROUD laf41NOM ~ .2/.73 

ACT~ .73/.73 (EAST SIDE 7759-5245 
FACING LM ONL VI 

MODIFICATION · APOLLO 13 SHROUD 

e PROVIDE ONE LAYER OF TEFLON TO IMPROVE THERMAL PERFORMANCE 
AND MINIMIZE TERMINATOR NOISE PROBLEM 

e INCORPORATE WEIGHTS TO INSURE PROPER DEPLOYMENT 

e SEW SKIRT AND ADD BUTTONS TO IMPROVE DEPLOYMENT 

THERMAL MODIFICATION COMPARISON 

TEMPERATURERANGE°F 
MODEL DAY NIGHT 

APOLLO 12 145 75 

APOLLO 13 126 95± 15 

7759-5235 



BLOCK DIAGRAM, TYPICAL LP SENSOR 

SINE X-AXIS 

10~ 

ENGINEERING 

§ 
~ ().1 1-------~1 .. .,.------::::1000 
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RANDOM X-AXIS 
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RANDOM Y-AXIS 
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RANDOM Z-AXIS 
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PSE SIMPLIFIED BLOCK DIAGRAM 
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Section 4 

Active Seismic Experiment 



ACTIVE SEISMIC 
NASA No. 5033 

OBJECTIVE: PHYSICAL PROPERTIES TO SHALLOW DEPTHS, 
FORMAT I ON PROCESSES 

MEASUREMENT: ARTIFICIAL SEISMIC WAVE VELOCITY, 
FREQUENCY, & ATTENUATION 

EQUIPMENT: ENERGY SOURCES (THUMPER & GRENADES), 
DETECTION EQUIPMENT (GEOPHONES & AMPLIFIERS) 

ACTIVE SEISMIC EXPERIMENT SUBSYSTEM 

XMTR ANnNNA 
AND RANGE LINE GRFNAOf 

1

m 14.75 x; 7> x 11.0 IN. FOLDED 

~~~0~~1_2'1_10 

7769-6630 

IDEPLOYEDI ~lY 14JW 
RECEIVING p ~-

• ---- INiliATOR 
\Ill CTOR 
\WITCH 

I· POWfR 8WATT~ OPERATING 

ANTfNNA ll 
~ 

BOX 
ASSIMRIY 

15.25 x 6. D x 11. SIN 
ISTOWIDI 

GRINADI 
lAUNCH 

ARMIIIIH 
~WITCII ',,"' _____ -n, Gl Oi'HONI . 

10 Cl NTRAI J ~ Of TFCTOR\ Ill 

\IA!ION 4.80 IN. HliGHTtiNC SPIKEI 
1.661N. DIAM 

y GIOPHONI flAG 

--~ CFNTRAL FLFCTRONICS 

--- -~~~-:~~~18 X 2. 75 IN. 

7769-6636 
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ASE MODES OF OPERATION 

THUMPER MODE: APPROX 7 MIN (PLUS SET UP) WHILE ASTRONAUT IS ON 
SURFACE. USES SMALL SEISMIC SOURCES RELATIVELY 

CLOSE TO GEOPHONES. 

USTENING(PASSIVEl MODE: 15 MINUTES, ONCE PER WEEK(AVERAGE). 
DETECTS TECTONIC DISTURBANCES OR METEOROID 

IMPACTS TO EVALUATE SYSTEM STATUS, PARTICULARLY 
LUNAR SURFACE NOISE LEVEL (WHICH MAY BE A FUNCTION 
OF AMBIENT TEMPERATURE), AND ASSIST IN SELECTING 
OPTIMUM TIME FOR MORTAR MODE. 

MORTAR OR GRENADE MODE: APPROX l HR NEAR END OF ALSEP MISS ION. 
USES RELATIVELY LARGE SEISMIC SOURCES AT 

RANGES UP TO 5000 FT. 

NOTE: ALL MODES REQUIRE 85-FT MSFN ANTENNA BUT, WITH THE 
EXCEPTION OF THE THUMPER MODE, CAN BE SCHEDULED FOR 
MOST CONVENIENT GROUND OPERATIONS. 7759-5663 

ASE GENERAL FEATURES 

< SFISMIC ACTIVITY 
PURPOSf 1 IN THf RANG! fROM 

• MONITOR NATURAl lUNAR) 
BY VARYING THE MAGNITlJDf 
& LOCATION OF SOURCES 
WITH RESPICT TO DfTlCTORS • GENERAH& 310750111 

MONITOR ARTIFICIAL 
SEISMIC ENERGY •OBTAIN P!NfTRATION OF 

GENERATE (SOURCES!, _,/ '-...... MONITOR IDiliCTOR,I· 
•EXPlOSIVE DEVICES •GEOPHONES 131 WITH LOG A 

WAVES TO::: 500fT 

•THUS INVESTIGAH 
VHOC ITY THROUGH 
SEVERAl LAYERS OF 
SUBSURFACE MATERIAL 

~ ~ COMPRfSSION AMPliFIERS 

THUMPER MORTAR 

AS I'' 1211 GRENADfS 141 

ll •RANGf, fT ~ 
5001 

• CIIARGI PROPORTIONAl 
10 RANG! 

•ACIUAfiO NIAR MARKIIJ 
I' OS II IONS ON Gl OPHONl 
CARLt l TIIUMPI R 

l GRI NAill\ 

• ACCURAH OfT£RMINATION OF SHOT 
TIM! AND RANGE IS FUNDAMENTAl 
FOR ANALYSIS Of GfOPHONE DATA 

SJIOT liME RANGE 

I'RI SSURf SW 5 lGNAL ASTRONAUT lOCATION 

XMTR OH SIGNAl TRAJECTORY CAlCULATIONS 

7759-5637 



ASE FUNCTIONAL DIAGRAM 

DSS 

THUMPER THUMPER 
ARM FIRE 

EVENTS EVENTS 

DATA 

TO XMTR 

-r-·-······------__J 
I _______ _] 

CENTRAL 
ELECTRONICS 

. . 

7769-5639 

ACTIVE SEISMIC CHARACTERISTICS 
KEY FEATURES 

HIGH BIT RATE 00.6 KBPSI OF ASE REQUIRES 85-FT 
MSFN ANTENNA ION REQUEST) 

EXPLOSIVES HAVE SAFE/ARM PROTECTION FEATURES 
GRENADES LAUNCHED TO 500, 1000, 3000& 5000 FT 

RANGE FROM GEOPHONES 
CHARGE EQUIVALENT TO 150 MILLIGRAM TNT IN THUMPER 

AND UP TO l. 0 LB TNT IN GRENADE 
IMPACT POINT OF GRENADES DETERMINED BY LAUNCH ANGLE, 

INITIAL LAUNCH VELOCITY, & IMPACT TIME 

INDIVIDUAL HEATER FOR MORTAR BOX, "THERMOSTATICALLY" 

CONTROLLED ELECTRONICALLY 

7769·6633 



--ACT-IVE- SEISMIC CHARACTERISTICS 

OPERATIONS 
DEPLOYMENT & THUMPER 

• EMPLACE MORTAR PACKAGE 

• PLACE GEOPHONES AT 10, 160 & 310FT 
FROM CENTRAL STAT ION 

• ACTIVATE THUMPER EVERY 15FT 

• REMOVE SAFETY RELEASE ASSEMBLY 
AND ACTUATE SAFE/ARM SWITCHES 
ON MORTAR BOX 

APPROX TIME, 20 MIN 

... 

POST DEPLOYMENT 

• GROUND OPERATIONS DURING 
DEPLOYMENT/THUMPER REQU IR lNG 
TURN-ON, GEOPHONE CALl BRATE, & 
TURN-OFF 

• LATER, MONITOR 15 MIN PER WEEK 

• NEAR YEAR-END, TURN ON & CALI­
BRATE GEOPHONES, ARM & FIRE 
GRENADES 

• OTHER COMMANDS AS NECESSARY 

77s9-5fh2 

ASE DEPLOYMENT SEQUENCE 
1. VERIFY THAT CENTRAL STATION 

ASTRONAUT SWITCH (S-5) IS IN OPEN POSITION 
2. REMOVE THUMPER & PLACE IN TEMPORARY LOCATION 
3. REMOVE MORTAR BOX & PLACE lO FT FROM CENTRAL STATION 

IN OPPOSITE DIRECT ION TO THAT SELECTED FOR GEOPHONES 
4. ALIGN TO FIRE AWAY FROM GEOPHONES & ERECT ASE RECEIVING 

ANTENNA (INC FLAG) 
5. ERECT CENTRAL STATION SUNSHIELD & ANTENNA 

6. AFTER ALSEP COMMUNICATIONS HAVE BEEN ESTABLISHED & SWITCHED 
TO ASE HBR, PLACE CENTRAL STATION ASTRONAUT SWITCH IN CLOSED 
POSITION 

7. UNFOLD THUMPER & WALK OUT IN SELECTED DIRECTION PLAC lNG 
GEOPHONES AT 10, 160, & WALK OUT IN SELECTED DIRECTION PLAC­
ING GEOPHONES AT 10, 160, & 310FT FROM CENTRAL STATION & IN 
LINE:!: 3° USING FLAG ON MORTAR BOX (PLUS FLAG PLACED AT 160-FT 
GEOPHONE LOCATION) AS REFERENC[ 

7759-5660 



-- ---- --~---~ -

ASE DEPLOYMENT SEQUENCE (CONT') 

8. RETURN ALONG GEOPHONE CABLE ACTUATING THUMPER AT 15-FT 
INTERVALS AS INDICATED BY CABLE MARKINGS 

9. PLACE CENTRAL STATION ASTRONAUT SWITCH IN OPEN POSITION 
10. REMOVE GRENADE RETAINING ROD ASSY FROM MORTAR BOX 
11. ACTUATE MORTAR BOX SAFETY SWITCHES (2) REMOVING SHORTS 

FROM GRENADE ARM/FIRE CIRCUITS 
12. PLACE CENTRAL STATION ASTRONAUT SWITCH IN CLOSED POSIT ION 

7759-5661 

ASE EMPLACEMENT CRITERIA 
PARAM!HR IIIQUIRIMJNI PI~ IOH llY INiliCAIOII COMMINI' 

Sill SIUCTION IIVII IOI'RANGI & I I YIIIAII ~IIICIION Mil >I LONIIIJI R ~0111 
IHIWNIIANI:I I C:/11 NAill IMI'ACI & GIOI'IJONI Alii AI 

lliSTANCI moM DIP! Nil\ ON \Ill/ 
~ SUBPACKAm 1 SCIINIIIIC CON\IIIAINI\ 

~ OIRfCTION FROM 1l{) • H" I ROM LM 1 I YIIIAII In" lOR JOIJ IT f'i'~ CUNIIRAINT 
~ SUBPACKAGI 1 llH• fOil 200 n lM Ill' AliA liON 

LEVIl I 10° Of HORI/ONlAl• l I Yl BAll I Nil RNAL UVIl IINSORS 

AliGN • ~u fROM ASSUMED I lYE RAil f IRIS AWAY fROM lM & GIOPIHJNIS 
(;IOI'IIONII Ill PlOY 
MINI I INI 

DISTANCI FROM 11' 1 FliO I> I I ll4 fllABll GIOI'IIUNIS SlllATfRAllY FROM 
SUBPACKAG£ 1 ljiJ • l. HI I SilO ?NO CABII ON HT PIGTAILS 

~ DIRI CTION FROM 

\<XIt \fll~l!O iRO 

1 I Yl ~All OPPO~ITE MORTAR PACKAGE 
~ SUBPACKAGE 1 

~ II VEl GlOPHONl ! 1" Of fiOR llONTAL 1 I YIHALI GIOI'IIONI Rl SPONSE REQU IRIM!Nl 

ALIGN CABL£ ! 1/' !ROM SlRAIGIH I IIA<:s VARIATION Of 1ND GIUI'HUNI 
fROM liNl BETWEIN lSI & JRD 

SPICIAl 30° fROM N S liN! Of SUBI'ACKAGl 110 AVO Ill llflD Of VIIW Of ClNTRAl STATION 
REQU IRIM!NTS RAil lAlOR. 

""2 flAGs, MORTAR BOX ANil2NO GIOI'IJONIIU\1 U fOR AliGNMfNTI 
ANlfNNA MOUNT EO ON MORTAR BOX IOMNI Ill RIC! IUNAll. 

IXPIRIM!NT :.GWf'HONlS AT lEAST lOfT fROM RTG loNO SUBI'ACKAG£ l 
INT!RRUAT ION 

7759-5662 



ASE DEPLOYMENT MODE 
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ASE THERMAL CONTROL 
MECHANICAL 

<MORTAR PACKAGE) 

• 0.5-IN. MULTILAYER 
ALUMINIZED MYLAR ON 
SIDES & BOTIOM 

• THIN ALUMINIZED MYLAR 
SUNSH IELD OVER TOP 

• GRENADES LAUNCHED 
THROUGH SUNSHIELD 

• ROCKET BLAST DISINTE­
GRATES MYLAR INSULATION 
REDUC lNG RECOIL EFFECT ON 
BOX STABILITY 

• THERMAL PAINT TO 
MAINTAIN TEMP. 85 C 

ELECTRICAL 

• MORTAR PACKAGE 

• ELECTRONIC SENSOR/CONTROL CIRCUIT 
OPERATES SERIES/PARALLEL HEATER 
ARRAY TO MAINTAIN TEMP ABOVE -60° C 

• PROPORTIONAL CONTROL, DISSIPATION 
IS A FUNCTION OF TEMPERATURE 

• CIRCUIT ACTIVATED ONLY IN STBY POWER 
!MQDEATO F. 

• CENTRAL ELECTRONICS IS 
CONTROLLED BY CENTRAL 
STATION ENVIRONMENT 

• THUMPER HAS NO HEATER 

7769·6657 

ASE OPERATIONAL POWER PROFILE 

20°C o 1-20 c 40°C 80°C 
ClJRVf TFMP VS.NOMINAL OPERATION POWfR 

MISSION TIM1 --



ASE SAFETY FEATURES 

<ROTARY ARMING SWITCH, SPRING LOADED TO SAFE POSITION, 
THUMPER ACTUATED ~4 SEC TO CHARGE CONDENSER (THEN PUSH TO FIREI 

•ASI SELECTOR SWITCH HAS 22 POSITIONS (INC OFFI AND 
SHORTS ALL AS I'S EXCEPT THE SELECTED ONE 

CENTRAL 
ELECTRONICS 

•CENTRAL STATION ASTRONAUT SWITCH ITWO-POSITIONl 
OPENS AND CLOSES +29 V OPER POWER LINE BETWEEN 
PDU & ASE 

•IN SERIES WITH CMD-ACTIVATED RELAY OF PDU 

• IN OPEN POSITION, PRECLUDES ACCIDENTAL APPLICATION 
OF OPER POWER TO ASE 

7759-5659A 

ASE SAFETY FEATURES (CONT') 

GRENADES 

•SUPPORTED WITHIN lAUNCH TUBES, LOCKED IN PLACE BY SAFETY 
ROD ASSY FOR FLIGHT & DEPLOYMENT (REMOVED BY ASTRONAUT! 

•ARMING & FIRING CIRCUITS OF ALL4 ROCKET MOTORS 
SHORTED BY 2 SAFETY SWITCHES ON MORTAR BOX 
(ACTIVATfD BY ASTRONAUT! 

•SAFE SLIDE BETWEEN DETONATING CARTRIDGE & HIGH 
EXPLOSIVE IN EACH GRENADE, SPRING-EJECTED AT LAUNCH 

• THERMAL BAnERY INACTIVE (&SHORTED! UNTIL PLATE 
EJECTION TRIPS A MICROSWITCH 

•THERMAL BAnERY MATCH IS ACTIVATED BY A CONDENSER 
WHICH IS CHARGED V lA GRENADE ARM CMD 

• THERMAL BAnERY SUPPLIES POWER TO GRENADE 
DETONATOR THROUGH A 8-10 SEC. TIME DELAY 
AND AN IMPACT SWITCH. IF IMPACT COMES 
BEFORE 10 SEC. OR AFTER"" 10 MIN., THERE 
IS NO BAnERY POWER FOR DETONATOR. 

7759-56598 



ACTIVE SEISMIC EXPERIMENT REMOVAL 
CPLEE 

PASSIVE SEISMIC THUMPER 
ASSEMBLY 

7769-6676 
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ASE OAT A FORMAT 

e CONSISTS OF 32- 20-BIT WORDS AT 10.6 KB RATE 

e UNIFORM TIME SAMPLING OF GEOPHONES PROVIDED BY 
DIVINDING EACH WORD INTO 4 SUBWORDS OF 5 BITS EACH 

e 1ST SUBWORD USED FOR HOUSEKEEPING OR ENGINEERING 
TYPE DATA 

e 2ND, 3RD AND 4TH SUBWORDS ARE GEOPHONE NO.1, 
GEOPHONE NO.2 AND GEOPHONE NO.3 DATA READOUTS 

e 10-BIT FRAME SYNCRONIZATION PROVIDED IN FIRST WORD 
BY STORING GEOPHONE NO. 1 READOUT DURING SYNCHRONIZATION 
TRANSMISSION AND READING OUT IN 1ST SUBWORD OF 2ND WORD 

7759-5679 

ASE FRAME DESCRIPTION (PART I) 

4 LEAST SIONIFICANT BITS 

e'1 IENOR DATA CHANNfl 1 4 MOST SIONICANT BITS I 1 SPARE BIT I 

a; SAMPLED DURING SYNC WORD 

10 HIT SYNC WORD NOTER 
1t 0 1. 0 2• 0 3 UEOPHONf SF.ISMIC DATA FROM 3 GEOPHONES 

21 EACU ENOINfEniNO DATA REAOOUT TO B HITS ACCURACY 
USING THI 1ST SUBWOHO Or l WORDS IN SE"OUENCE 
!'I e"-E lurn-1TOI:I 

II II II 

7759-5680 



ENGINEERING WORDS 

FORMAT ALSEP 
REF WORO NO'S SYMBOL DESCRIPTION 

E, 3, 4 AR-4 RTG COLO FRAME TEMP NO. 1 

E2 5, 6 OS-7 PITCH ANGLE 

E3 7, 8 OS-5 MORTAR BOX GRO MONITOR 

E4 9, 10 OS-6 ROLL ANGLE 

E6 11, 12 - SPARE 

E6 13, 14 AS-3 GLA TEMP 

E7 16, 16 OS-8 GEOPHONE CALIBRATION PULSE 

E8 17, 18 OS-11 A/D CALIBRATION 3.76 V (NOM) 

Eg 19,20 OS-10 A/0 CALIBRATION 1.26 V (NOM) 

E10 21, 22 AS-1 CENTRAL ELECTRONICS TEMP 

E11 23,24 AE-3 RTG OUTPUT VOLTAGE 

E12 26, 26 AE-4 RTG OUTPUT CURRENT 

E13 27, 28 AR-1 RTG HOT FRAME TEMP NO. 1 

ASE FRAME DESCRIPTION (PART II) 

'"" """'"'l 
Bl T COUNT IN EVENT WORO 

MARK EVENT RELATED TO PREVIOUS FRAME 

NOTEo REAL TIME EVENTS (RTE) ARE EVENTS 
SUCH AS THUMPER ASI SHOCK INSTANT 
OR GRENADE IMPACT & EXPLOSION 
INSTANT 

7759-5682 
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ACTIVE SEISMIC CHARACTERISTICS 

COMPONENTS 

IN CENTRAL STATION 

MORTAR PACKAGE 
.------'---1 MORTAR BOX 

GRENADE LAUNCH ELECTRONICS 
ASSY IGLAI ANTENNA 

0 TEMP SENSOR 
TEMP SENSORS 131 

GRENADESIXMTR 141 INCLINOMETER 

7759-5631 

t;-17 
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ASE THUMPER FEATURES 
• INITIATOR !AS I) MOUNTING } { INSIDE LOWER END 

PLATE & BASE PLATE 

•ARM'FIRE&ASI 
SELECTOR SWITCHES } { ON UPPER END 

• FLAT, 4-CONDUCTOR 
CABLE TO CENTRAL 
ELECTRONICS 

} { 
ON UPPER 
SPLIT REEL 

• 3 GEOPHONES ) ( ON LOWER 
CABLES 

INTEGRAL 
WITH REEL 

• GEOPHONE RAG STOWED ON THUMPER 
I (UNWOUND 

OUR lNG 
DEPLOYMENT 

• PRESSURE SWITCH ON AS I MOUNTING PLATE DETECTS TIME OF SEISMIC EXPLOSION 

•GEOPHONE FLAG DEPLOYED ON LUNAR SURFACE AT 150FT TO AID IN GEOPHONE 

CABLE ALIGNMENT 

•GEOPHONES AND CABLES STOWED ON THUMPER UNTIL DEPLOYED 
7759-5641 

THUMPER CHARACTERISTICS 

FOLDED EXTENDED 

AS I SELECTOR SWITCH 

ARM/FIRE SWITCH 

• 22 POSITION SELECTOR SWITCH 
!INC OFF) 

• SEPARATE ARM/FIRE SWITCH 

• USES APOLLO STANDARD 
INITIATORS (AS lsi 

• IMPACT PLATE IN LOWER END TO 
CONTAIN ASI DEBRIS 

7759-5638 
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THUMPER BASE SECTION OPERATING 

EXHAUST 
GASES 

7759-5683 
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ASE THUMPER FUNCTION 

ARM SWITCH 

THUMPER 
ARM 

THUMPER 
FIRE 

EVENTS EVENTS 
~ 

TO ASE TIMING & DATA 
FUNCTIONS 

ASE DETECTION SYSTEM 
GEOPHONE (SENSORS) 

TYPE: ELECTROMAGNETIC 
NATURAL FREQUENCY: 7. 5 CPS 
SENSITIVITY: 250 VOLT/METER/SEC 
WEIGHT: 6 OZ EACH SENSOR 

AMPLIFIER 
3 CHANNELS EACH WITH PREAMP, FILTER AND LOG COMPRESSOR 
80 DB DYNAMIC RANGE LOG COMPRESSED TO 40 DB 
LOG COMPRESSOR TEMPERATURE CONTROLLED 

GEOPHONE & AMPLIFIER 
SENSITIVITY: 5 mp. PEAK DISPLACEMENT AT 10Hz (l mp. GOAU 

AT AS IGNAL TO NOISE RATIO OF 18 db 
BANDWIDTH: 3 TO 250Hz WITH RESPECT TO VELOCITY 

BASIC DATA WORD 
5-BIT WORD FOR EACH SENSOR READING AT 500 SAMPLES/SEC 
lEACH CHANNELl 

I 
I 
I 

t t t 
1)J777fi 

-
7769-6640 

7759-5635 
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ASE GEOPHONE FUNCTION 

Dss{ 
GEOPHONE TEMP . I 

TO AS£ 
TIMING 
& DATA 
FUNCTION 

---4 GEO 1]---~ 
v 

------------fl GEO 31---~ 
~ 

ASE GEOPHONE FEATURES 
• ELECTROMAGNfTIC TRANSDUCERS IVELOC tTY S£NSORI 

(OUTPUT TO SEPARATl LOG COMPRESSION AMPLIFIERS! 

• IMPLANTED IN SURFACE BY SPIKE 

• TEMPERATURE SENSOR IN ONE GEOPHONE 

• 7. 5 CPS NATURAL FREQUENCY 

• SPRING CONSTANT DfS IGNED FOR LUNAR GRAVITY 
FREQUENCY 
RESPONSE 

t6 db 

t3 db 

l d~to 
6 db 

MEAN OF 10 TO 100Hz 
RESPONSE 
CHARACTERISTIC 

lO 

?. 0 HI- -' ., HI 

100 

......._.-..--lllllHI'HI. !Mi'IIASIS 
CllMliiNill GIOI'HONI AND AM1'11f llll f 1111 k RlSPONSl 

I U! fORI lOG COM I'll! S~ IONI 

!000 Hz 

LESS THAN 

7769-6642 
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ASE MORTAR PACKAGE COMPONENTS 

\llfli'OHI FltAMI & tiC:\ 

• lAUNt.ll UJKI\ I IN \OtiARI 

fWO 1'1 IN JON(; I AI'I'IWX 
TWO A IN lUNG 

• lAtH lAUNC!I HJRI I'IWVllll \lOW 
RAN!illiNI HIHAKWIRI\Il! 

• INCIINOMIII f.II'RUVHJI\ O.t.IA ON 
OfVIAIIONOf I'AtKAGIIImMVIRIIt"l 
tf'ITCU II. IHIIIJ 

7759-5645 
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ASE MORTAR PACKAGE FUNCTION 

FROM 

ASE {-''-'-<-15.:....V -----, '----,.-'-"-------i 
POWER 
CONTROL 
FUNCTION 

OSS { MORTAR BOX TEMP 
1£lECTRONICSl 

oss 
ORASE---' 
HfCl 

ARM & f I Rf ~ f' ITCH 
CMIJ, tol ~ DfG 

TO A'l TIMING & !lATA fUNCTION 

~ANt;t 

liN! 

APR 69 5178.9.8 

ASE GRENADE RANGING CONCEPT 
CONCEPT 

7759-5644 

• BALLISTIC TRAJECTORY OF GRENADE IS CALCULATED FROM 
ITS INITIAL DIRECTION & TIME OF FLIGHT: 

• DIRECTION (45° ANGLE OF MORTAR CORRECTED BY 
INCLINOMETER ROLL & PITCH) 

• TIME-OF-FLIGHT FROM LAUNCH (FIRST RANGE LINE 
S IGNAU TO IMPACT (XMTR OFF) 

• CONFIDENCE IS ENHANCED BY KNOWING INITIAL LAUNCH 
VELOC lTV (BASED ON Tl ME BETWEEN RANGE LINE EVENTS FOR 
10-IN. & 25-FT+ 10-IN. TRAVEU 

7759-5649 



ASE GRENADE RANGING 
ME CHAN I ZAT I ON 

• RANGE LINE: A THIN STRANDED CABLE WOUND AROUND THE 
OUTSIDE OF LAUNCH TUBE & CONNECTED AT ONE END TO GRENADE 
(30 MHZ TRANSMITIING ANTENNA) 

• BREAKWIRES (2): EACH A SINGLE LOOP OF FINE COPPER WIRE 
ARRANGED TO BE SEVERED WHEN RANGE LINE REACHES 10-IN. 
& 25-FT+ 10-IN. POINTS 

• INCLINOMETER: MEASURES DEVIATIONS AROUND TWO AXES 

• PITCH: INCREASE OR DECREASE IN THE 
45° LAUNCH ANGLE 

• ROLL: ROTATION AROUND A HORIZONTAL AXIS 
PERPENDICULAR TO THE PITCH AXIS 

7769·6660 

ASE GRENADE RANGING 
IMPLICATIONS 

•INCLINOMETER DATA IS AVAILABLE 
IN CASE MORTAR PACKAGE SHIFTS 
DURING EACH FIRING 

•PACKAGE STABILITY ENHANCED BY 
''BLOWOUf' REAR CLOSURE & THRUST 
TERMINATION BEFORE GRENADE 
LEAVES TUBE 

• SEQUENTIAL FIRING ORDER 12,4,3,11, 
ALSO USED FOR STANDARD FIRING, 
OPTIMIZES PACKAGE STABILITY 

• NOTE THAT ARM CMD MUST BE SENT 
4 TIMES (SEQUENTIAL & STANDARD 
CONDENSERS ARE CHARGED & DIS­
CHARGED SIMULTANEOUSLY); ALSO, 
SEQUENTIAL FIRE ACTUATES ONE 
GRENADE EACH TIME SENT 

7759-5651 
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ASE GRENADE CHARACTERISTICS 

DESCRIPTION 

•CASING SIZE: 

• 2. 7 IN. SQUARE l APPROX 
• 4 TO 6 IN. LONG 

• CAS lNG CONTAINS: 
• SOLID FUEL ROCKET MOTOR 
• SAFE SLIDE 
• HIGH EXPLOSIVE CHARGE 
•IGNITION& DETONATION DEVICES 
• THERMAL BATIERY 
• 30MHz XMTR CONNECTED TO 

TRAILING WIRE ANTENNA 
!FUNCTIONS AS RANGE LINE) 

• GRENADES DIFFER ONLY IN AMOUNT 
OF PROPELLANT & HIGH EXPLOSIVE 

IOCKfl 

'"''"' 

ASE GRENADE CHARACTERISTICS 
OPERATION 

7769-6646 

• GRENADE ARM CMD APPLIES PULSE TO ROCKET MOTOR ARMING 
CIRCUIT CHARGING CONDENSER IN MORTAR BOX AND CHARGES 
MATCH CONDENSER IN GRENADE) 

e GRENADE FIRE CMD DISCHARGES CONDENSER THROUGH ASI 
IGNITING ROCKET MOTOR 

• WHEN GRENADE LEAVES TUBE: 
• SPRING EJECTEDSAFE SLIDE ENABl£5 DETONATOR 
• SLIDE EJECTION ACTIVATES MICROSWITCH IN GRENADE 
• MICROSWITCH DISCHARGES CONDENSER ACROSS MATCH 

ACTIVATING THERMAL BATIERY 
7759-6647 



ASE GRENADE CHARACTERISTICS 
OPE RAT ION (CO NT) 

• BAITERY PROVIDES INTERNAL POWER FOR: 
• 30 MHz XMTR 
• CHARGING DETONATOR CONDENSER 

e EVENT MARK FOR: 
• BREAKWIRE 00-IN. & 25-FT+ 10-IN. TRAVEU 

e AT IMPACT, AN OMNIDIRECTIONAL IMPACT SWITCH DISCHARGES 
CONDENSER THROUGH DETONATOR SETTING OFF HIGH EXPLOSIVE 

e EXPLOSION DESTROYS BATTERY AND TRANSMITTER TERMINATING 
RF TRANSMISSION 

e EVENT MARK FOR XMTR OFF 

7759·5648 
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ASE CENTRAL ELECTRONICS FEATURES 
TIMING AND DATA 

• TEMP SENS lNG 

INTERNAL TEMPERATURE MONITORED IN BASIC ALSEP DATA AS 
WELL AS ASE DATA STREAM 

•LOG COMPRESS ION AMPLIFIERS 

LOW-NOISE, PROVIDE WIDE DYNAMIC RANGE 
PRE-EMPHASIS TO INCRlASE LOW FRFO GEOPHONE RESPONSl 

• GEOPHONE CAll BRAT ION 

• DRIVER (PULSE STRETCHER! CONVERTS COMMAND INTO 
1-SEC EXCITATION PULSE APPLIED VIA AMPLIFIERS 

• n ECTR ICALLY DRIVES GEOPHONES FOR MEASUREMENT OF RESONANT 
FIUQUENCY, GENERATOR CONSTANT, & DAMPING COEFFICIENT 

• COMPARE TO PREFLIGHT DATA (RElATIVE CALIBRATION) 

• PULSI VOLTAGE SAMPLED IN ASE DATA 

ASE CENTRAL ELECTRONICS FEATURES 
TIMING AND DATA (CONT) 

• ANALOG MULTI PUXE R & ADC 

• ASE COMPRESSED SEISMIC DATA CONVfRTIIJ TO 5-BIT DIGITAL 

• AS£ FNG & ALSf P HK 15 KFY PARAMf Tf RSl CONVF RTE D TO H-Im 
DIGITAL, & BOTH READ OUT AS 4 BITS IN fACH OF TWO ASf. WORDS 

• ADC CALC IRCUIT GIVES 2-POINT CHECK 

• TIMING & CONTROL 

• 4, 5, & 32 SEQUENCE COUNTER OPERATES ON 10.6 KHz 
SQUARE WAVE FROM DSS 

• PROVIDES roR 5-BIT SUBWORDS, 4 PfR ASf WORD 120 BITSl 
& 32 WORDS PER FRAME 1640 BITS I 

• DATA RAT£, 10.6 KBPS !ALMOST ENTIRELY AS£ DATAl GIVE: 

• RELATIVHY HIGfHREQllfNCY SEISMIC DATA 

7769-6662 

• ACCURATI ENCODING & TRANSMISSION OF REAL-TIMF fVfNTS 7759-5653 

'-1-31 
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ASE SUBSYSTEM TEST EQUIPMENT 

e ETS 

- SIMULATES CENTRAL STATION ELECTRONICS 

ASSS 

e - SIMULATES GLA AND THUMPER 

DOME 

e - DECOMMUTATES AND DISPLAYS ASE DATA 

GLATS 

e - COMPLETE GLA CHECKOUT CAPABILITY 

MARPD 

e - GLA MOUNTING AND ANGLE CONTROL 

AIRME 

e - ORDNANCE ITEM CHECKOUT 
7759-5678 
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ASE ·EQUIPMENT LEVEL TESTING 

SUBCONTRACT QUAL 
ASDS ----------1 GfOf>HONE UHlESIGN Iii rU.OlJ/\l 
RECEIVER 

B<A 
1\Sl QUAL C 

TflANSMII"H:R 
AN(;l[ SfNSOH 
MUll ff'lf XEH 
THUtMAL HA 1 TEHV 

WSif fULL ASE fiELD TlSI ----

1\lil LIVI 
VIH, SHOCK, ACCI:l 
1/V 

• CEN-i"uAL ELECTHONtcs 

r---'---, o I IIUMPEH/GEOPHON~J ""-MI 
• Ml'/\ {INUH Gl/\) MODS 
• UlJAI C lHLRMAl f'lATf 

Vl£1 SHOCK A<:Cll 
!IV 
IMI 
MASS I,UOI' 

IMIIIIOUAl 
VIII 
1/V ---- ---

tiiJIAI-liUM 1:1/ 
t:tlMf'I.IANCt 

(jLA ()UAL (llVIJ 
ENVIUONMfNTAl FULL IAUIIti-IBINtiS tilllNI\111 V/\l:lJIIM IIIIIN<iS 

IMI 

7759-5673 
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GLA QUALIFICATION 

FIOCKH MOTORS ~ --FNVUIONMI N I /\I 
• Vlllll/\IION 

FULL EAIIIII filliNGS 
/\MIIIfNl (4 !>I /\'S) VIR, TEMP CYCLING 

HOT, COLD FIRINGS (50) 
GRENADES 

• SHOCI< } -------· 
• ACCrt. 

-- I. OW TFMP ( 1 Gl./\) 

VIB, TEMP CYCLING 
S/\FEIARM MECHANISMS 

HOI, COLD FIRINGS 
H.E. DETONATOR TESTS 
INITIATORS (SBASI) 

TRANSMITTER } T/V, VIB 
THERMAL BATTERY SHOCK !3300 G'S I 
ANGLE SENSOR l T/V, VIB, SIIOCK 

(100 G'S) 

e TEMP CYCI IN(;- IIH;II TFMP (I filA) 
H/\IIHIYEV/\L TESlS(3GI./\'S) 
C/\Mf' P[NDLI ION 

2 1'1 I GilT GI./\'S/M BOX 
• 7 Gll[N/\DfS, COLD 
• 2 GIHN/\DFS, /\MBII NT 
• 4 GltENI\DES, HOI 

7759-5674 

ASE SYSTEM TEST -WSTF 
• FUll UP EXPERIMENT (DEPLOYED) TEST 

- EXPERIMENT TEST EQUIPMENT 

e 4 TEST CATEGORIES 

EXTRA CHARGE FIRINGS (1000. 3000 FT) 
THUMPER FIRINGS. 21 ASI'S 
MORTAR FIRINGS. 2 GlA'S (8 GUENADES) 
SPECIAl GEOI'HONE TESTS 

e THUMPER STRUCTURAl INTEGIUTY AND PERFORMANCE VERIFIED 

• MPA STRUCTURAl INTEGRITY AND STABIUTY VERIFIED 

• OVERAll GlA PERFORMANCE VERIFIED 

• RF liNK (UP TO 5000 FTI VERIFIED 

• CENTRAl ElECTRONICS VERIFIED 

• INTRODUCTION. DETECTION AND CONDITIONING OF SEISMIC 

ENERGY VERIFIED. 

7759-5675 
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Section 5 

Laser Ranging Retro­
Reflector Experiment 



LASER RANGING RETRO-REFLECTOR EXPERIMENT 

PROTECTIVE 
COVER 

ARRAY 

PALLET 
ASSY 

-STOWED 

ANGLE INDICATING 
I 1/ ASSY 

'--";::i\:::-~ ! 
BOOM A TI AC HMENT 

ASSY 

ALIGNMENT HANDLE ASSY 
7759-5340 

EASEP/LRRR EXPERIMENT 
DESIGN CHARACTERISTICS 

COMPONENTS 

ARRAY: 

PALLET: 

SUPPORT STRUCTURE: 

AIMING HANDLE 

ALIGNMENT HANDLE: 

BOOM ATTACHMENT: 

100 FUSED SILICA RETROREFLECTORS 
PASSIVE THERMAL CONTROL 

LMSEOBAYINTERFACE 
EXPERIMENT BASE 

SUPPORT ARRAY/AIMING HANDLE 

UNLOCK, TILT, LOCK ARRAY 

HOLO EXPERIMENT DURING ARRAY TILTING 
ROTATE EXPERIMENT 
ALIGN AND LEVEL EXPERIMENT 

REMOVAL FROM LM 
CARRY EXPERIMENT TO SITE 

7759-5336 
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EASEP /LRRR EXPERIMENT 
DESIGN CHARACTERISTICS (CONT') 

COMPONENTS (CONT.) 

WEIGHT 

SIZE 

ANGLE INDICATING BRACKET: TILT INDICATION AND LOCK 

SUN COMPASS PLATE} · ALIGNMENT INDICATION 
GNOMON . 

LIQUID BUBBLE LEVEL: LEVEL INDICATION 

REAR SUPPORT: SUPPORT IN UPRIGHT POSITION 

51.91 LB 

26 X 27.25 X 17 IN. HIGH 

PROTECTIVE COVER: PROTECT RETROREFLECTORS FROM DUST, 
DIRT REMOVED IN DEPLOYMENT 

7759-5337 

LRRR MECHANICAL ASSEMBLY 

HlliW ~~ . / ~.I'ANll \lRUCTUIH 
ROOM RllllClORIHXH; ~· 101 RlliW-RlfUClOR 

ATlActiMIN~ -~·,' /~ ) ARHAvlll:l'o~~(~~ui'.~~'ORI 
i \ :~rf:. ,' 
I ~"-nc('_ 
I 

1 'r\< 
lj,. I I IIANIJII -

I I : I 

I I I ~In (,NOMON -

~~ .;J,_-y_, j- i~-
1
r .•. - ANGLE INDICATOR BRACKET 

ALIGNM!Nl I ~~ f\ \• .I, SUN COMPASS PLAT! 

IIANIJU ~ ~"·~· \ • 
1

, ' 
IPARliAll Y > ~ • ~ 
IXHNDtDI CAIH~Y t: I>,'· . - PAllll 

IIANIJll ·' IIVII 

7759-5324 
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ARRAY PANEL STRUCTURE 

7759-5314A 



ARRAY PANEL STRUCTURE 

B. REAR 7759-53148 



RETRO-REFLECTOR MOUNTING 

Inside Surface of 
Cavity 

B Upper Teflon Mounting Ring 

D Lower Teflon Mounting Ring 7759-5313 

S-11 



ORIGINAL MULTILAYER INSULATION 
BLANKET CROSS-SECTION 

VELCRO HOOK, 
(1/8" WIOE)~ 

VELCRO HOOK 
11/2" WIDE) 

!DACRON THREAD--

ill 
COVER, DACRON- 1 

VELCRO (PILE) ALL AROUND ARRAY, 
EXCEI'T AT BREAKS FOR BRACKETS, ETC. 

NARMCO POLYURETHANE ADHESIVE 

111!'14--i--~::.,.SPACERS (3) 

DOUBLE LAYER DACRON NETTING 

HIELDS (3) 
DOUBLE-ALUMINIZED MYLAR 

7759·5327 

ASCENT HEATING THERMAL PROTECTION 
MOD KIT (INSTALLED AT KSC) 

KAPTON 1/2 MIL 

ALUMINIZED BOTH SIDES FIBERGLASS THREAD, 

FIBERGLASS 
BETA CLOTH 
COVER 

FIBERGLASS 
THREAD, 
BETA YARN 
TEFLON COATED 

FIBERGLASS 
NETTING 

BETA YARN. TEFLON COATED 

ARRAY 

7759-5328 



TYPICAl LASER RAY PATH IN RETRO-REFLECTOR 

Incident Ray 

7759-5334 

THERMAL MODEL 
AND DEFINITION OF SUN ANGLES 

V
I -- .... , 

" 

~ 
I '/ i ""·'Y ''"""'''" 

____ L_ -~----__1 ______ _ 

7759-5315 



HEAT INPUT TO ARRAY FROM PALLET 
FOR 34° ARRAY TILT ANGLE 

Sun Angle, 0 (degrees) 

-40 -20 0 20 40 60 80 
30 

I ' 
I I 

20 Cl 

"§ 0 
f-

~ 10 I ~ 
~ 

.{ 

~ 
0 

1+-g_. 
8 -l l :; 
Cl 

I 5. 5. 10 
:;; 0 .. I 

z 
I c: 

20 ::l 
Vl 

Llmar Noon 

II 
30 

90 60 30 0 30 60 90 

Sun Angle, 1• (dewees) 7759-5316 

PREDICTED CENTRAL IRRADIANCE­
FINAL DESIGN CALCULATIONS 

Ill 
110 /{) () )0 40 fill 

I I I I I I 

(ltl 

114 

0,' 

I IIOI,IP N'"''' 

" ' Ill( I II 

Nnu1 M'""'' 1 '"'''"' t,u~<•· 11111 W.oll ''k 

- NoLnup!u~t)ll>l'.tlh•T 

-- - -- I nnplnHJ In I',JI!!'I 
I \ll!llollt•d Ht",Uih 

I I 
f;(J l/0 1HO 

7759-5317 
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EASEP /ASTRONAUT INTERFACE 

CONSTRAINT RESOLUTION 

BIOMEDICAL SIMPLE TASKS REQUIRING MINIMAL EFFORT AND TIME 
A DOSAGE RATE OF ISOTOPE HEATER NON-HAZARDOUS 

THERMAL NO SIGN IFICANTTHERMAL EXPOSURES 

T SUIT NO SHARP EDGES; PSE UNCAGE USES APPROVED 

y PUNCTURE PYROTECHNIC 

c 
A MOBILITY NO EXCESSIVE REACH- NO KNEELING 
p 

A DEXTERITY All MECHANISMS AClUATED BY PUll PINS, HANDLES OR 
8 LANYARDS 

VISUAL LEVEUALIGN INDICATORS COMPATIBLE WITH VISOR 
LIMITATIONS 

y 

REMOVE LRRR AND PSEP FROM LM, TRAVERSE TO DEPLOYMENT SITE, 
DEPLOY LRRR AND PSEP; TOTAL TIME APPROX 10 MIN 

7769-6322 

LRRR MECHANICAL FEATURES 
INFLUENCED BY CREW CONSIDERATIONS 

ALIGNMENT HANDLE 

AIMING HANDLE 

ANGLE INDICATING BRACKET 

SUN COMPASS 

BUBBLE ELVEL 

PROTECTIVE COVER 

BOOM ATTACHMENT 

REACH HEIGHT 

SUPPORT DURING ARRAY TILT 

HANDLE, TRIGGER, RELEASE MECHANISM CONFIGURATIONS 

REACH HEIGHT 

HANDLE CONFIGURATION 

SPRING RETURN 

VISIBILITY AND SIMPLICITY 

VISIBILITY AND SIMPLICITY 

VISIBILITY AND SIMPLICITY 

RING/LANYARD REMOVAL 
REACH HEIGHT 

RING/PULL PIN REMOVAL 

RING/LANYARD RELEASE FROM LM 
REACH HEIGHT 7759-5336 



LRRR EMPLACEMENT CRITERIA 
PARAMETER REQUIREMENT INDICATOR COMMENTS 

DISTANCE 32 fT I MIN I MUM PACED OFF CREW/PAYLOAD 
FROM lM TRADEOFF 

DIRECTION IN FOV Of EYEBALL MONITOR DEPLOYMENT 
FROM IM OTHff! ASTRONAUT I AVOID LM SHADOW AREAl 

-------
DISTANCI lOfT I'ACI!J Ofl LRRR PROBABLY 
FROM 1''>11' DII'LOYIO flllST 

DIRECTION NOT !liRICliY I Yl BAll 10 AVOID SHADOWING 
fROM I''>! I' lAS! OR WISI '>OlAil I'ANIL'> ----
SIH lfVFL & fR!E l YIBALL CONSTRAINS LIV!LING 
SELECT ION fROM RUBBLE CAPAS I LilY 

TILT Of SfT TO PROPFR INDEX MARKS D lffERENT FOR EACH 
THE ARRAY POSITION ON SlClOR LANDING SIT£ 

LEVEL WRT • S"Of INDICATOR BUBBlf INTERACTS WITH 
INDICATOR ALIGNMENT 

ALIGN, WRT I ) 0 ()~ COMPAS'> PLATI ALIGN fOR LANDING 
SHADOW INO ICATOR LINl I PARTIAL ROSEl SITF 

BffOilE llOTAIING LII'RIGIIT fOR fiNAL ALIGNMENT LRRR MUST BF. 
FAG lNG AWAY fROM SUBF ARHI POINT I fUNCTION Of LANDING SITU 

7759-5320 

TRAVERSE 

• PICK UP BOTH PACKAGES 

• WALK TO DEPLOYMENT SITE 

<
APPROXIMATELY 30 Ff FROM LM,> 

SITE 
SELECTION IN FOV OF OTHER ASTRONAUT, 

IN AN AREA FREE OF RUBBLE 

• LOWER PACKAGES TO LUNAR SURFACE 

7759-5326 



DEPLOY LRRR 

• POSITION LRRR FOR DEPLOYMENT 

ROUGH ALIGN LRRR WRT SUB-EARTH POINT 
- R£LEASE DEPLOYMENT HANDl.f AND tXT! NO TO lllll NT 

PULL OUT ARRAY TILTING HANDLE TO ALLOW TIll ADJUSTMENT 

• ADJUST LRRR TILT 

- ROTATE TILTING HANDLE TO SET TILT INDICATOR fOR LANDING Sill 

• ROTATE LRRR UPRIGHT 

ACTUATE DEPLOYMENT HANDLE TRIGGER TO RELEASE DETENT 
- FULLY EXTEND HANDLE 
- USE HANDLE TO ROTATE PACKAGE 

• SET FINAL ALIGNMENT 

- ALIGN WRT SHADOW ON PARTIAL ROSE 

7759-5325 



















LRRR ARRAY TEST SUMMARY 
DEVELOPMENT TESTS 

MECHANICAL (VIBRATION AND SHOCKI 

e SINGLE CORNER CELL 

e ENGINEERING TEST MODEL (ETMI 

OPTICAL ALIGNMENT 

e BEFORE AND AFTER MECHANICAL TEST - ETM 

e BEFORE, DURING, AFTER THERMAL CYCLING - ETM 

THERMAL DISTORTION - ETM EXPOSED TO -320°F TO + 250°F 

THERMAL CONDUCTANCE -SINGLE CORNER CELL 

MOUNT TEMPERATURE COMPENSATION- SINGLE CORNER CELL 

ACCEPTANCE TESTS (QUAL AND FLIGHT MODEL ARRAVSI 

MECHANICAL (VIBRATIONI - ACCEPTANCE LEVEL 

OPTICAL ALIGNMENT - BEFORE AND AFTER MECHANICAL TESTS 

7759-5331 

OPTICAL ALIGNMENT 
TEST RANGE APPARATUS 

MECOROINU 
CAMERA 

r::-:._-
\ ' 

MEASUREMENT J I \ 
GRID 1 

I 

,,, 
! 

I 
\ 

\ 
-~ 

/

r /.; COlliMATED 

;;.· • LIGHT SOURCE 

--L,'--~ 

SUPPORT 
STRUCTURE 

lN2 COOLED 
CONTAINfR 

ELECTRIC 
HEATfR 

MOVABLE 
TEST BED 

7759-5339 



ARRAY OPTICAL ALIGNMENT TESTS SUMMARY 
MAX DEVIATION DEVIATION OF 

OF INDIVIDUAL R-R ARRAY POINTING 

~ CONDITIONS FROM ARRAY POINTING DIRECTION 

DIRECTION FROM ARRAY 

(DEGREESI NORMAk 
(DEGREESI 

ETM BEFORE 
0.07 

VIBRATION 0.18 

AFTER 0.29 0,08 

VIBRATION 

ETM ROOM TEMP 0.27 0.03 

·320°F 0.19 0.02 
ROOM TEMP 0.23 0.02 
+ 260°F 0.022 0.02 
ROOM TEMP 0.22 0.02 

QUAL BEFORE 0.18 0.01 
VIBRATION 

AFTER 0.18 0.02 
VIBRATION 

FLIGHT BEFORE 0.17 0.04 
VIBRATION 

AFTER 0.16 0.02 
VIBRATION 

SPECIFICATION ± 2.0° ±0.26° 

7759-5332 

LRRR EXPERIMENT TEST SUMMARY 

e CREW ENGINEERING MOCK-UP 

CREW INTERFACES 

EARL V KSC WALK-THROUGH 

e CREW TRAINER MODEL 

CREW TRAINING 

KC 135 TESTS 

e KSC HANDLING MODEL 

HANDLING PROCEDURE CHECKOUT 

LM INSTALLATION TRAINING 

7759-5329 



LRRR EXPERIMENT TEST SUMMARY (CONT') 

eaUALIFICATION MODEL 

MASS PROPERTIES 

VIBRATION (ACCEPTANCE AND DESIGN LIMIT LEVELS) 

SHOCK 

ACCELERATION 

MECHANICAL FUNCTIONAL DEPLOYMENT 

THERMAL/VACUUM 

ftFLIGHT MODEL 

MASS PROPERTIES 

VIBRATION (ACCEPTANCE LEVELS) 

ALSEP TUMBLE 

MECHANICAL FUNCTIONAL DEPLOYMENT 

7759-5330 



Section 6 

Charged Particle Lunar 
Environment Experiment 
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CHANNEL TRON® ELECTRON MULTIPLIERS 

C - TYPE 

I'RFAMP 

INSIDE COMING fOR 
SECONDAilY ELECfRON 
EMISSION 

l mm INSIDE 

Lr ro w6tsrc 
PROfON'i, ElECTRONS, X-RAY'> & UV 
(THEREFORE, SORT BEFORE ENTRANCE! 

OUTPUT 

I 
104 t___L-.LI --L-Li _,~,_1 __~_1 __~_1 -~___.~ 

?0 i4 28 3? 
APPliED KllOVOl fS 

7759-5425 

j ,l 

CPLEE PHYSICAL ANALYZER 

-----------

... -~--
fLFCTRON MULTIPLIERS -- -~ §j-) ® 

~~~;I 
... CD 

7759-5423 



Trap 

Deflection 
Plate• 

DEFLECTION 
VOLTAGE 

3500 
VOLTS 

350 
VOLTS 

35 
VOLTS 

· PHYSICAL ANAlYZER 

Helix ® 
Channeltron 

Channeltron® 

7759·5443 

CPLEE ENERGY RANGES 

ENERGY RANGE IN EACH DETECTOR 

I HELIX I 
1*13141 5 I 

I HELIX I 
1*131 41 5 I 

I HELIX I 
1*1314 1 5 I 

. 04 . I L 0 10 100 

PARTICLE ENERGY (KEV) 
7759·5429 
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CPLEE TIMING SEQUENCE 
ALSEP b I ~ 1

1
2 1~ 2b 2

1
4 is 

FRAME NO 
4 

I 
32 

CP~E AlB AjB AlB AlB AlB AlB AlB AjB 
PHYSIAN 

READOUT OF A DURING B MEAS , ETC. 

DEFLECTION 
VOLTAGE 

eCPLEE MAY START 
ANYWHERE 

•DATA ""CNTS/SEC 

+3500 

CAL 

-3500 

1-----19. 3 SEC (NORMAU----1 

SIMPLIFIED BLOCK DIAGRAM 
OF CHARGED PARTICLE 

jc:::: ----, 
I TU_/_ I 

1111~ 
I "''l'•h:IU 

l ~w., •• _, -4---~-1,..1,.1 

...... 
.... ,.fume War., U.t11 

EXPERIMENT 

7759-5427 

7759·5445 



ALSEP 
TIM 

Fr.une 

CLPEE 
Word 

Number 

No. of Count 
Data Bits 

No. of I. D. 
!\ito 

CPLEE FUNCTIONAL DIAGRAM 

DIGITAl DATA OUTPUT FORMAT 
CHARGED PARTICLE EXPERIMENT 

lal F rarne l.nd Frame 

I 2 3 4 5 6 I z 3 4 

19 19 19 19 2.0 

I I I I -

7759-5424 

5 6 

zo 

-
Ch.\m\eltrm~ No. I No. l No, 3 No, 4 No. 5 No, 6 
Uctc(.'tor 

!. D, Uit As- An.lly~er 
Deflection 

Deflection Voltage 
Voltage ---signn,ent A ur B Level 
!Polarity 

7759-5449 



CPLEE DIGITAl DATA FORMAT 

I-19-BIT-+-CHAN·x· ·20-BIT1CHANr20-BIT HEll~ 
VOLTAGE LEVEl 

LSB 
7--t--17 ·19··· ···-23 w " 

1--------- -· ·-- AlSEP ODD fRAMF ----·· --·- ··-----· 

DC·Ol THROUGH DC l4 CPf OFT SCI DATA 
DC-85 THROUGH DC ·96 Cl'f CAl S IG 

DC - 97 CPf I'HY'>IAN I D 
DC - 98 Cf>f POlAR! TY I D 
DC- 99 C PI DEf l VL I D 

7759-5432 

CPLEE PERFORMANCE CHECKS 

TECHNIQUE 

BETA SOURCE 
IN DUST COVER 
FOR COMPLETE 
TEST DURING 
INITIAL 
OPERATION 

TEST OSCILLATOR 
INPUT TO ALL 
PREAMPS ONCE 
DURING EACH 
OPERATING 
CYCLE 

CNT/SEC 

0 TO 2000 

(DEPEND lNG ON 
CHANNELl 

:::;,350,000 Hz 

(FILLS 19TH 
BIT OF REGISTER) 

GUILLOTINE 

RELEAS~/"----:~~f".: 
(j .. ~ ~ .. -.... ,..,,.. .. ~; 

~ -'!.-,., ... ,,........... /: 

;'~\\/;< -~ 
I ROLL -UP COVER 

(2METALSTRIPS 
IN PLASTIC) 

7759·5430 

/ 



CHARGED PARTICLE EXPERIMENT 
CHARACTERISTICS 

COMMUNICATIONS 
COMMANDS: DATA: 

• POWER OPERISTBYIOFF 

• 8 SPECIAL CMDs FOR: 

• 6 DIGITAL WORDS PER ALSEP FRAME 

99 BPS IAPPROXl 

DUST COVER REMOVAL (1) 

AUTOICMO THERMAL CONTROL 12) 

AUTOICMD VOLTAGE PROGRAM 

TO SENSOR (3) 

CHANGE SENSOR GAIN 12) 

• BACKUP FROM TIMER TO 

REMOVE OUST COVER 

DISPLAY: PRINTER/TV 

97'1o SCIENCE, 3'1o HK 

19.3 SEC NORMAL REP RATE 

• 6 ANALOG ENG PARAMETERS 

SAMPLED ONCE PER 54-SEC ALSEP 
SEQUENCE 

COMMAND SIGNALS 

CHARGED PARTICLE EXPERIMENT 

1. Thermal Control Bypass - On 

2. Thermal Control Bypass - Off 

3. Dust Cover Removal 

7759-6420 

4. Automatic Deflection Voltage Level Sequence - On 

5. Step Deflection Voltage Level 

6. Automatic Deflection Voltage Level Sequence - Off 

7. Channeltron P. S. Voltage Increase - On 

8. Channeltron P. S. Voltage Increase - Off 

7759-5450 



CPLEE COMMANDS 

OCTAL COMMAND NUMBERS 

e 111 CPE OPR HTR ON 

THIS COMMAND BYPASSES THE THERMOSTAT IN THE CPLEE AND TURNS 
THE OPERATIONAL HEATER ON. TO RESTORE AUTOMATIC THERMAL CONTROL 
THE EXPERIMENT POWER MUST BE COMMANDED TO STBY AND BACK TO OPER. 
THIS COMMAND HAS NO CONTROL OVER SURVIVAL (STBY) HEATERS. 

e 112 CPE OPR HTR OFF 

THIS COMMAND BYPASSES THE THERMOSTAT IN THE CPLEE AND TURNS 
THE OPERATIONAL HE.ATER OFF, AND IS ALSO USED TO TURN OFF THE OPER­
ATIONAL HEATER AFTER IT HAS BEEN TURNED ON BY COMMAND Ill. SEE 
COMMAND lll FOR RESTORATION OF AUTOMATIC THERMAL CONTROL. THIS 
COMMAND HAS NO CONTROL OVER SURVIVAL HEATERS. (OPERATIONAL 
HEATER ON/OFF VIA lll & ll2 CAN BE RECYCLED INDEFINITELY.) 

7759-5434 

CPLEE COMMANDS (CONT') 

• 113 CPE CVR GO 

THIS COMMAND ACTUATES THE GUILLOTINE DEVICE FOR REMOVING lliE 
CPLEE DUST COVER. 

e 114 CPE DEF SEQ ON 

THIS COMMAND STARTS THE AUTOMATIC SEQUENCE OF VOLTAGES TO lliE 
CPLEE DEFLECTION PLATES WHENEVER IT HAS BEEN STOPPED (BY COMMAND 117). 
INITIAL TURN-ON OF THE EXPERIMENT IS IN THE AUTOMATIC SEQUENCE MODE. 

e 115 CPE DEF STEP 

THIS COMMAND ADVANCES THE VOLTAGE ON THE CPLEE DEFLECT! ON PLATES 
ONE STEP EACH TIME IT IS USED, IN THE STANDARD SEQUENCE, WHEN THESE­
QUENCE HAS BEEN STOPPED. IF AUTOMATIC SEQUENCE IS ON, THIS COMMAND 
HAS NO EFFECT. 

7759-5435 
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CPLEE COMMANDS (CONT') 

e 117 CPE DEF SEQ OFF 

THIS COMMAND INTERRUPTS THE AUTOMATIC SEQUENCE OF VOLTAGES TO 
THE CPLEE DEFLECTION PLATES. THE VOLTAGE THEN REMAINS CONSTANT UNTIL 
ADVANCED BY COMMAND llS. IT IS RESTORED TO AUTOMATIC SEQUENCE BY COM­
MAND 114 OR BY CYCLING CPLEE TO STBY AND BACK TO OPER. 

e 120 CPE CHAN/HI SEL 

THIS COMMAND INCREASES THE VOLTAGE ACROSS THE CHANNELTRON (B) 
ELECTRON MULTIPLIERS IN BOTH PHYSICAL ANALYZERS (A & Bl TO THE HIGHER 
VALUE,:.: 3200 VOLTS, IF IT IS AT THE LOWER SETIING, ~ 2800 VOLTS 
(.4= 400 VOLTS). IF THIS COMMAND IS SENT TWICE, WITHOUT COMMAND 
121 BETWEEN, THE SECOND COMMAND HAS NO EFFECT. 

7759-6436 

CPLEE COMMANDS (CONT') 

e 121 CPE CHAN/LO SEL 

THIS COMMAND DECREASES THE VOLTAGE ACROSS THE CHANNELTRON ® 
ELECTRON MULTIPLIERS IN BOTH PHYSICAL ANALYZERS (A & Bl TO THE LOWER 

VALUE, :::::2800VOLTS, IF IT IS AT THF HIGHER )ETliNG, ~3200 VOLTS 
(.4· 400 VOLTSI. IF THIS COMMAND IS SfNT TWICE, WITHOUT COMMAND 120 
BETWEEN, THE SECOND COMMAND HAS NO EFFECT. 

7759-6437 



ANALOG VOLTAGE HOUSEKEEPING SIGNALS 
CHARGED PARTICLE EXPERIMENT 

1. Switchable Power Supply Voltage 

2. Channeltron P. S. Voltage-Analyzer A 

3. Channeltron P. S. Voltage-Analyzer B 

4. Voltage P. S. 

5. Temperature of Physical Analyzer A 

6. Temperature of Switchable P. S. 
7759-5446 

CPLEE ANALOG DATA 

SAMPLED ONCE PER 54-SEC 
ALSEP SEQUENCE (ALSEP WORD 33) 

AC- 01 CPE DEF PIS VOLTS 
AC- 02 CPE CHAN/1 VOLTS 
AC- 03 CPE CHAN/2 VOLTS 
AC- 04 CPE CONV VOLTS 
AC- 05 CPE PHYS/AN DEG C 
AC- 06 CPE DEF PIS OEG C 

NOTE: AC - 05 IS TEMPERATURE OF PHYSICAL ANALYZER A 

7759-6433 
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CPLEE TIE-DOWN 

0 
EXPERIMENT \C?f 

fd, INVERTED ~i. 

r~j 
ASTRONAUT: 

• RELEASES FASTENERS 
• INSERTS UHT 
• LIFTS EXPERIMENT 
• REMOVES UHT SOCKET PIN 
• ROTATES EXPERIMENT 

CABLE '~/' UHT SOCKET 

MOUNT! NG 
~~--~~FI-TT~IN_G_s __________ · 1~ 

7759-5431 

CHARGED PARTICLE EXPERIMENT 
CHARACTERISTICS 

OPERATIONS 

DEPLOYMENT POST DEPLOYMENT 

• LOCATE 10FT FROM CENTRAL • TURN ON lOPER) PRE-ASCENT 
STATION 

• LEVEL+ 2. 5 

• ALIGN +_ z0 WRT SHADOW 
ISC IENTIFIC & THERMAU 

APPROX TIM£, 2 MIN 

• READ BASELINE DATA !COVER ON) 

• AFTER ASCENT REMOVE DUST COVER 

• CONTINGENCY CORRECTIVE ACTIONS 

7759-5421 









Conunand 
Monitor 

Housekeeping 
Teat 
Points 

CPLEE TEST SET 

GSI•: Tt~st I,PiniH 

Cotntnnnd Selc('lor 

Control 

Roughing 
Pump 

Low 
Pressure 

Pump 

S<>Ur<·e IIVJ>S 

Purnp Monitor 

7759-5438 



Section 7 

Heat Flow Experiment 



HEAT FLOW CHARACTERISTICS 
COMPONENTS 

{ 

POWER 
COMMANDS 

DSS & TIMING 

DATA 

ELECTRONICS 

• t 

HPROBES !211 

I STRUCTIJREITHERMAL I 

APOLLO 
LUNAR 
SURFACE 
DRILL 

. PHYSICAL PARAMETERS 
I NOT INC DR ILLI 

{
ELECTRONICS 13 x 9 x 8 

SIZE, IN: PROBES 2S. 5 x 4. 5 x 3.5 
liN PACKAGE) 

EARTH WT. LB: 9. 7 LB tTOTALI 

POWER, W: 3. 9 TO 10. 6 
7769-5516 

HEAT FLOW CHARACTERISTICS (CONT') 

KEY FEATURES 

e SENSOR CALIBRATION ON EARTH REQUIRES SPECIAL FACILITY 
e AVOID DISTURBING LUNAR SURFACE REFLECTIVE PROPERTIES AROUND PROBES 
e REQUIRES RADIATIVE THERMAL COUPLING BETWEEN PROBE & HOLE PLUS 

NO THERMAL SHORT-CIRCUIT TO SURFACE 
e "THERMOSTATICALL v"coNTROLLED HEATER IN ELECTRONICS PACKAGE 

7759-6617 

'l-1 



HEAT FLOW CHARACTERISTICS 

OPERATIONS 
DEPLOYMENT POST DEPLOYMENT 

• LOCATE ELECTRONICS 30FT • TURN ON (OPER) PRE-ASCENT 
FROM CENTRAL STATION 

• READ GRADIENT DATA CONTINUOUSLY 
• LEVEL + 12" EXCEPT OUR I NG CONDUCTIVITY TESTS 

• ALIGN +5° WRT SHADOW (THERMAL) • MAKE CONDUCTIVITY TESTS- TIMES 

• DR Ill HOLES 12) 3 METERS DEEP 
& PLACE PROBES IN BOITOM OF 
HOLES USING TOOL 

• HOLES 30 FT APART & 16 FT 
FROM ELECTRONICS 

APPROX TIME, 9 MIN, PLUS 
30 MIN FOR DRILLING 

FOR UP TO 48 HRS EACH TIME 

7759-5518 

HEAT FLOW CHARACTERISTICS (CONT') 

COMMUNI CAT IONS 
COMMANDS: 

• POWER OPER/ STBY/OFF 

•10 SPECIAL CMOS FOR: 

DATA: 

•1 0 IG ITAL WORD PER ALSEP fRAME 
I FOR 16 OUT OF EVERY 90 FRAMES) 
3. 0 BPS IAPPROX) 

SELECT GRAD lENT, 65~ SCIENCE, 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 16) 

SELECT & ACTIVATE 
CONDUCTIVITY HTRS (1) 

DISPLAY: X-Y PLOIT£R OR PRINTIREQUIRES DATA ANALYSIS) 

7759-5519 
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HEAT FLOW SENSORS 

~~~·~···" - M\AfviiV:E 
DIURNAL VARIATION ANNUAL VARIATION 
WITH SUPERIMPOSED IDUE TO MOON'S OR Bill 
Ill -ORil£R EFFECTS 

OI'ROBLI M, TO FIND THE SMALL DC COMPONINF 
IN A POSSIBLY LARGF AC WAVF 

MODlS Of OPERATION, MOD[IG, MODl/1 K, 
& MOD£/HK PLUS MANY M£ASURFM£NT 
S£QU£NC£S 

BASIC DATA WORD, ll-811 OUTPUT OF ADC IN 
ZAI S£P WORDS I PLUS 101 

TYPICAL BRIDGE {Ill • lXI ITATION 
RFAOING Ill I O!Jlfllll 
18 AISEP WORDSI Ill I XI ITA liON 

141 Olll/'111 

SFNSOR TYPl- PlATINUM RES IS TOR 
)JNSOR CIRCUITS: 
• \1 T\ Of rouR Sl NSORS 
•TWO COMBINATION' IDIFHRINCE & AM81£NTI 

'II!CliD BY INHRNAI LOGIC 
DYNAMIC RANG£: 
•HMP DIFHRfNC£ IBRIOG£1 

Ill SIN\ITIVITY t 2° K 1700° K TO 250° Kl 
I 0 \1 NS ITIVIfY il0° K 1200° K TO ~0° Kl 

• AMBIENT !IMP IRIS ISTANC£1 
7fX11K 10 ~lf1 K 

• LAHII THI HMOCOUI'II S t/\1 ONI, f'IWHI LA HII \t 
rxflK TO iSff1K 11\r.LimAL Y 0 l U 

•IIIII~MOCOUI'II Rlf J!INC:IION ~INI!II.ll~fJfJJC\t 
{{)

0 
1, Ill 161)0 L 11\1 I Ill~ A(. {II I 'u 

•coNJI\JUIVIIY HANt;t 'J x 10 () ro 1 x w s 
CAI/LM '1! C 0L 

7759-5520 

HEAT FLOW EXPERIMENT 

1111 RMAI 
MASK RIIIILIOI~ 

Ill C IIH!Nit:\ 
I'At:KAIOI 

I 
l 

r~t' --I\~ 
I ~1, \ , ~--..._. ~ 
\}~~,? ( If 

I 
LAlli! lli~ALKII 

WMIIVIIlllllliiNI; 
llii'IIIYMINI 

I'IIOBI i.AI!HYINI; I'AI.KA<,I 
IUINIAIN\ /I'IIIIHI '• P, 

IMI'IALIMINIIOIIII 

\ ( : -.--· ' .~~- ~d, 
///'~ ;,. , .... ~-< / ~ 

IINI;JH WIIJIII 

IIILIIWNIC\ 
I'AI KA<;J 

Ill X 

I'IWIII 
I'ACKA!:I 

i"' ., 1', 

lllfi,IJI 

,., 
., 

7759-5521 
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HFE SIZE AND WEIGHT 

LUNAR 
SURFAC 

IOIAI 

HFE PROBE DETAILS 

TO FlfCTIWNICS 

EARTH WT, LB 

.37 

.4Q' 
330 

3.67 

!J/(J 

7759-5522 

------~----·-·-. 

I~ADIATION 

'. j 

7759-5523 



DSS 

MIA>URI 
MINI 
SlQlliNCIS 

IIRllJI;f 
\IN\Oil' 

Ill All R> 

HFE FUNCTIONAL DIAGRAM 

HFE MODES OF OPERATION 
/ M!JIJI / 

~ ~~v ~ 0 0 
,\"$- '~ ~ ,'.\ /:" '\' ~'t s."> ''l' 

'N~ $.)' ~) <.$) ,)'- '<' ~) :0\., 
~....<t"'i- ,,~) 0' \,.~;. ,•+) ,:; ' ..._• .. ;) ~ __ ,+) 

A. FIJlliAll. MIA'>I '>AMI A'> IJIIHHINTIAI 

PHOH£ 1 GHAlli/Nl & AMBIINI 
H. fiMP fOR PliO HI l 

ONI HHIDGI 
lllflllliNTIAI IIJIPINDING 

IIMPIIII ON '>lliCIIll 
I Xt:IIAIIONI Ill All HI Tti!S£ MOOt~ c: llllfiiiiNIIAI 

11~!0 PR I MAR I 
IIMPIIO 

fOR 11 51) 
IXI.IIAIIONI 

AMHIINI liMP 
llll JliNt.IION 

liMP 1'. I.AHII 
llllliMIII.IIIII'II \ 

(J I.IIMIIINAIION\ Ol 
Ill\ c 

I:RAIIIINI i:IMIIIINI I<INI. IIIIi 
"liiMIIII"I 

NON! IHNI: \01111<1 Ill All'lll \I 

} 

PROBE 
HEATERS 

l PROB£ 
SENSORS 

7759-5524 

I y 

7759-5525 
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HFE COMMAND SUMMARY 

CMD NUMBERS 
HFE OCTAL 

C1 135 Hit MOD8G SEL') 
C2 136 HFE MODE/LK SEL INITIALIZED TO 

C3 140 HFE MODE/HK SEL THESE CONDIT IONS 

C4 141 HFE SEQ/FUL SEL • AT POWER TURN-ON 

C5 142 HFE SEQ/P1 SEL 

C6 143 HFE SEQ/P2 SEL 

C7 144 HFE LOAD 1 } MEASUREMiNT 
C8 145 HFE LOAD 2 SELECT 

C9 146 HFE LOAD 3 (ENCODED) 

ClO 152 HFE HTR STEPS 

INPUT BUFFER HOLDS COMMANDS FOR EXECUTION AT 90-FRAME MARK 

7759-5526 

HFE DIGITAL DATA FORMAT 

'---v----' 
MEASUREMENT (SEQUENCE) REGISTER 

I 2, lQ ), 11----~ 

IR2IRdMdM2IM3I 0 I 0 l212 l211 k0 I29 I~I27 I26 I25 I24 I23 I22 12Ij2ol 
I ( 01) 1'---v----' 
: : MODE REGISTER HFE SCIENCE DATA (lYPICAU 

: 4,12 5,13----__. 

I 

~SUBSEQUENCE REGISTER (WORD I D) 7759-5527 

?-6; 



HFE MODE REGISTER 

THE MODE REGISTER IS PART OF THE HFE CMD DECODER AND RESPONDS TO 
CMDs 135, 136 AND 140. THE STATE OF THIS REGISTER IS READ OUT VIA TM 

OCTAL ABBR HH. MODE TM (M1M2M3J 

l35 MODE/G MOD[ I NORMAL GRAD lENT 100 
136 MODE/LK MODE 2 LOW CONDUCTIVITY 010 
140 MODE/HK MODE 3 HIGH CONDUCTIVITY 001 

THE MODE SELECTED BY CMD AFFI:.CTS fHE DATA AS FOLLOWS: 

MODE/G AND MODE/LK HAVE IDENTICAL TM (FORMATTED 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 SPECIAL TM OUTPUT FORMATTED BY THE SUBSEQUENCE PROGRAMMER AND 
HEATER SEQUENCE PROGRAMMER. 

7759-5528 

HFE GRADIENT MEASUREMENT OPTIONS 
135 135 135 1}5 135 135 135 135 135 135 135 135 135 135 135 
141 141 141 141 141 142 142 142 142 142 143 143 143 143 143 

- ~ ~ - ~ - ~ ~ - ~ - ~ ~ ~ 
- - 145 145 ·-"=- --- -::_'-~- 145 - - - 145 145 -

- - 14o 14o -· - 140 146 - - - 140 140 

7759-5529 
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HFE MEASUREMENT SEQUENCE PROGRAMMER 

THE MEASUREMENT SEQUENCE PROGRAMMER (MSP) IS 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 FUNCTIONS: 

e FORMAT HFE DATA BY CONTROLLING GATES TO THE OUTPUT REGISTER 
e SUPPLY MSP STATUS DATA FOR TM (P-BITS) 

NOTE THAT EXECUTION OF A MEASUREMENT CMD 041 THROUGH 146) DOES NOT 
RESET MSP. OPERATION CONTINUES FROM PREVIOUS STATE. 

IN D lAG RAM, THE SET (5) AND CLEAR (C) POSIT IONS OFTHE FLIP-FLOPS 
CORRESPOND TO ONE AND ZERO IN THE TM. 

7759-5530 

HFE MSP DIAGRAM 
0 Uf'Plll 

~I CT ION 

W DTH 
01 IJTl 
10 r 
II IC 

0 I'IWHI l I OWER 

__..r..,__ ---, 

I 
i'fi()Hf ? 

f 

!illil 
5£1, S • I 
CllAR, C 0 

7759-6531 



HFE SUBSEQUENCE PROGRAMMER 
THE SUBSEQUENCE PROGRAMMER IS A 4-STATE COUNTER HAVING 
DUAL FUNCTIONS: 

• CONTROL GATING OF DATA, WITHIN A SUBSET, TO THE OUTPUT REGISTER: 
(WHERE THE TYPE OF SUBSET IS CONTROLLED BY THE MSPJ 

• SUPPLY SUBSEQUENCE REGISTER STATUS DATA FOR TM(R-BITS) 

THE STATE OF R2R1 CHANGES EVERY 
OTHER ALSEP FRAME (ONE 10-BIT WORD 
OF HFE DATA IN EACH ALSEP FRAME! 
STARTING WITH A RESET AT THE 90-FRAME 
MARK 

THE TRANS IT ION FROM 11 TO 00 
BETWEEN 7 AND 8 MARKS THE 
90 + 8 FRAME. THIS ADVANCES P1 
FROM ZERO TO ONE 

~LI!.i ALSEP FRAME NO 
-----·---------

00 90,1 8,9 
01 2,3 10,11 
10 4,5 12,13 
ll 6,7 14,15 

R2R1 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 
INHIBITED 

MODfJC • GRAD I(NT 
IHEATFLOWfflOM 
CrNltR TOSURFAC£1 

HFE TIMING FUNCTIONS 
MOOFilK • LOW CONDUCTIVITY 
OOOUHK • HIGH CONDUCTIVITY 
IDIFFERlNT HEAT PUlSES & SENSOR 
COMBINATIONS COORDINATED BY 
INT£RNAll0GIC! 

7759-5532 

7759-5533 
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HFE GRADIENT MEASUREMENT INDEX 
DATA PROBE/ EXCITATION IR1R11 SUBSfT DATA SYMBOl ABBR f'~R ITS SOURCE _BHIOG~- ___ 1.>_1!'1~1_1'0_¥17 ·--- t-c---l----- ·--·----- c-~ 

Oil ~01 GOT l!fl fliJIMI !IUPPER 1001 ~ BRIDGE EXCITATION 
llll 07 GOT l1H 0001 !I LOWER HIGH (01) I BRIDGE OtJTPUT 

DII·Ot GOT Z!ll 0010 lllffl R ?IUPPFR VOlTAGE 1101 BRIOGE I XC ITATION 
llll 04 GOT IZH OOll ENTIAl 1/I.OWIR _11_1_1 __ -~B~R ID~E~~~_l___ 1----- -----~ ~ ~ - ~ -- ~-

OfHl'i GOT Ill 0100 BRIIlGE 1/UPPER 11101 BRIDGE CURRIN! 
llll 116 GOT Ill 0101 GRAil II NT !I lOWER LOW (f)IJ j HI<IIJGI OUIPIJI 

OH-07 GOT 111 OliO 51 NSORSI ?!UPPER VOlTAGI 1101 HRI!Ha CURRENT 

r--!'..'!:'!__ ~_1>_!!_2_1:__ 01ll 11lOW£R __ 1111- BRitJfJI (JUTPUl 
------- ------

OIHl'l GT II 1000 !IIJPPER 1001 ' BRIDGE EXCITATION 
OH 10 GT 11 1001 !I lOWER HIGH !OlJ -+ BR lOGE CURRENT 

OH-ll GT 11 1010 IRES IS ?/UPPER VOlTAGE dOl BRIUGE EXCITATION 
OH-12 GT 22 lOll I ANCEl 11lOWER 1111 BRIDGE CURRENT 

'---~---~ 
oH~IJ REF n 1100 REF JUNCTION BR HV SAME AS DH-01 TO OH~04 

OH-14 
f---------- ----

Tflf RMOCOUPlES IN 1001 REf II- TC 1141 I IllS AT 
OH-14 TCI GROUP l!OI CARLI OF PROBE J 1011 IC1141 TCJIJI TOP AND 
OH~J4 WRT REf II 1101 TCE !41 TCJI11 141 I> AT 
011~44 1111 TC1141-TC11ll BOTTOM 

e-.-~~-- --- ------~--- - ~- - --~-- -~-

OH-15 R1FT1 1110 SAME AS OH- JJ IIV SAM! AS DJI~OI TO DH-04 
--

DH-!6 THERMOCOUPlES IN tOOl REE T2-TC2141 Ill IS AT 
OH-16 TC2 GROUP Ill! CABl£ OF PROBE 2 1011 TC114J~TC1111 TOP AND 
011-46 WRT REF 11 1101 TC1141-TC1111 141 IS AT 
OH-66 1111 TC114J·IC21JI BOTIOM 

7759-5534 

HFE HEATER SEQUENCE PROGRAMMER 

eL6-STAf£ BINAI~YCOUNTIRUSING 41111' 1101'S 
e STATUS lRANSMIIHO IN IM AS II Bll'> (All l MODIS) 
elFHCT ON Of'IRAIION AND DATA: 

• MOD£/G- NO I IH CT (CAN Bl AIJVANCI D V lA 
CMD 152 BUT PROBI HtATIH CUI<HINI 
SUPPLY ISOFI) 

• MODEILK CONTIWLS ON/OFF Sl ATU S OF 
8 HtAHRS (4/PROBU IN LOW MODI 
OF PIWBI HIATIR CUIHHNI SUPPLY 

• MOD!IIIK- CONl HOI S DATA OlJII'Ul AND 
ON/011 SIAIU'>OI 8 IIIAIIH'> INIIIGII 
MODI 01 I'HOBI Ill Alii< ClJI<I<I Nl SUI'I'I Y 

e PIWBI IHAHR ON/011 STATUS INANAIO(; IM(AlSII'WOIW 3)) 
7759-5535 
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H3 Hz 
()() 

01 
10 
11 

HFE HEATER SELECT CODE 

HTR NUMBER 

2 
4 (BOTTOM) 
1 !TOPl 
3 

HFE 
~~ ~ 

Ill! ~~~ IH\111 
hH 'd tU ll 
[ltl'>/ tWill 
lUI'>! IU II 

011 bO ~Dll? 

llllfll Rlt:' 
Olllll IWI I~ 

Ollbl ItT 1'/ 

IJH ~b ltD! J1 
Dll ~f Rill 
OH 58 ROlli 
(>fl ')~ Rill 

Otlb() ROll.' 
llllb/ Rll? 
llH hll 1-10117 
OHM IU I! 

PROBE 1 
PROBE 2 

LOWER HEATER } 
UPPER HEATER 

! IN PROBE 
SECTION) 

UPPER SECTION } (IN 
LOWER SECTION PROBE! 

H {0 1 1 
HEATER OFF 
HEATER ON 

EXAMPLE: WHEN H-BITS - lOll, 
HEATER H24 IS ON !WHERE 
H24 INDICATES FOURTH 
HEATER IN PROBE 21 

NOTE: THIS CODE APPLIES TO HEATER CONTROL 
IN BOTH MODE/LK AND MODE/HK 

MEASUREMENTS IN MODE/HK 
~~ ~~~ ~~ 

'"'" IUlll 

lUll 
lliWll 

OUHl 
Olllll 
txll! 
lXJll 

[)I(~) 

UH)(l 
[)J()J 

!!101 

OllU 
fllHJ 
Ulll 
Ill II 

01!1!1 ~01 ?l 1(0.) 

UH II IH /1 HUJ 

IIIII/ IHlfil lOll! 

Dllfl IH /l Hllll 

Ul!llll 1Hll1/ lUJO 
011111 ~~ n IUIO 
fJH ~~ IWI'/J lOll 
IJIIH\ Ill)) 1011 

llHlll 11111'/J Jj(t) 

UH II IH II 1100 
DH/11 lo'UI/1 IWJ 
DH/IJ HI?J jl()J 

OH lib fWI?? ll!O 

OH II/ RJ f? !II() 
nil 'Ill !WIn Ill] 
LJIIH!I ~I).' II II 

ellA! A Alii RNA I!\ tlllWIIN I Jill! ~IN! I I!IIH!Hol I ANU AMI! liN! (IU 'li\IANU I 
Ml A',IIHI Ml Nl\ I OR Till •,JJ fJJ R INI• '>I N'>OH\ Nl Alll \I HU ..,, Uf II D !!I All H 

•Noll', 
!~I I' !II!'. Ollllll UlliN I' I· IIUI MIANINI,JI',', IN Mlllliii!K 
1111 MIA'o!IHIMINI I ON IfNI 

H,ll 

'" '" "' II 

tJII!IIIIN!I AMIHINI 

•HIIJIH,JIX111AIIIIIlVOI!', 

I IUIIOI·I IUIII'III I 'IHIIIJI,f.t.:U~~f.~T 

tlHHu./\l:i/11:::11
1 XI Itt H~%~:f:/?:UiiiHNf 

11.1 NN llliNIIIII'• '•IN\! I!( IHUI!Itlll IIX AltON 

7769-5536 

7769-5537 
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HFE COMMAND DETAILS 

OCTAL CMD NUMBER 

135 HF£ MODEIG SEL 

THIS CMD ICIIIS A !·STATE CMD. IT PLACES THE HFE IN THE GRADIENT, 
OR NORMAL, MODE OF OPERATION IN WHICH MEASUREMENTS ARE OBTAINED 
FROM THE GRADIENT SENSORS AND CABLE THERMOCOUPLES UNDER THE 
CONTROL OF THE MSP. CMD 135 ALSO TURNS OFF THE PROBE HEATfR CURRENT 
SUPPLY. DIFF£RENT MEASUREMENT SEQUENCES IN MODFIG MAY Bf SfiJCTED 
BY TRANSMITTING SUBSEQUENT CMD~. AT POWER TURN-ON, THE HFE 
INITIALIZES IN MODUG. IF THE HFE 15 IN MODUG, TRANSMISSION OF 
CMD 135 HAS NO EFHCT. 

NOTE THAT THE HF£ INPUT BUFHR HOLDS CMD~ FOR EXECUTION AT THE 
90-FRAME MARK: THUS, SEQUENTIAl CMDs MUST BE TRANSMITTED AT 
LEAST 54 SEC APART 

7759-5538 

HFE COMMAND DETAILS (CONT') 
136 HF£ MODEILK SEL 

THIS CMD IC21 IS 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 MODE/G. IT ALSO 
TURNS ON THE PROBE HEATER CURRENT SUPPLY IN THE LOW IRING SOURCEI 
MODE ALLOWING HEATERS TO BE ACTIVATED BY CMD 152. IF THE HFE IS 
IN MODEILK, TRANSMISSION OF CMD 136 HAS NO EFFECT. 

14CI HF£ MOOEIHK SH 

THIS CMD !C31 IS A !·STATE CMD. IT PLACES THE HFE IN THE HIGH 
CONDUCTIVITY, OR HEAT PULSE, MODE OF OPERATION IN WHICH 
MEASUREMENTS ARE OBTAINED FROM THE RING !OR 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 MODEIHK. 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 152. IF THE HF£ IS IN MODEIHK, TRANSMISSION OF CMD 140 HAS 
NO EFFECT. 7759-5539 



HFE COMMAND DETAILS [CONT') 
141 HIT SEQ/FUL SH 

THIS CMO IC41 IS A I-STATE CMD. IT CANCELS THE EFFECT OF CMDs 142 
THROUGH 146 CAUS lNG THE MSP TO PERFORM ITS FULL 16-STATE CYCLE OF 
OPERATION IN MODEIG OR MODE/LK. IF TRANSMITIED DURING MODEIHK 
OPERATION, THIS CMD WILL CAUSE INVALID OPERATION UNTIL CMD 144 
IS EXECUTED. AT POWER TURN-ON, THE HFE INITIALIZES IN SEQ/fUl. 
IF THE HIT IS IN MODEJG OR MODE/LK AND IN SEQ/FUL, TRANSMISSION 
Of CMD 141 HAS NO £FF£CT. 

142 HFE SEQ/PI SEL 

THIS CMD IC51 IS A I-STATE CMD AND ALTERNATES WITH CMD 143 TO 
SEUCT ONLY ONE PROBE FOR MEASUREMENT. IN MODE/HK THIS CMD IS 
MEANINGLESS. IN MODE/G AND MODE/LK IT CAUSES THE MSP TO LOCK 
FLIP-FLOP Pz IN THE CLEAR STATE AND BYPASS Pz. THUS THE MSP ACTS 
AS AN 8-STATE COUNTER IF CMD 141 WAS PREVIOUSLY EXECUTED, OR AS 
A 2-STATE COUNTER IF CMD 144, 145 OR 146 WAS PREVIOUSLY EXECUTED. 
SEQ/PI IS CLfARED Bl SUBSEQUENT EXECUTION OF CMD 141 

7759-5540 

, HFE COMMAND DETAILS (CONT') 
143 HFE SEQ/ P2 Sfl 

THIS CMD IC61 IS A 1 STATE CMD AND ALTtRNATES WITH CMD 142 
TO SELECT ONLY ON£ PROBE FOR MEASUREMENT. IT HAS THE SAME 
CHARACHRISTICS AS CMD 142 EXCEPT THAT FLIP-FLOP P2 IS LOCKED 
IN THE SET STATE 

144 HH LOAD 1 

THIS CMD ICII IS A 1·STATf CMD AND IS USED ALONE OR IN COMBINATION 
WITH CMD 145 OR 146 TO POSITION AND lOCK TWO FLIP-FLOPS IP4 P3l OF 
THE MSP. CMD 144 PLACES P4P3 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 A) A 2-STAH COUNTER IF 
CMO 142 OR 143 WASPREVIOUSLYEXECUHD. THISAPPLifSTO MOOE/G 
AND MOD£/LK. IN MODE/HK CMD 144 MUST BE EXECUTED TO OBTAIN 
VALID DATA. CMDs 145 OR 146 MAY BE U'>lD IN MODEIG OR MODEILK. 
FOLLOWING CMD 144. TO LOCK P4 Pl IN HH 10 OR 01 STAH RESPECTIVELY. 
THE EFITCT Of CMD 144 IS CLEARED BY SUBSEQUENT EXfCUT ION Of CMD 141. 
NOTE: WHEN IN MODE/G OR MOOEJLK 00 STATE PROVIDES HIGH EXCITATION 
0 IFITRENTIAL TEMPERATURE DATA ONLY. 7759-5541 

"I 
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HFE COMMAND DETAILS (CONT') 

HFE COMMAND DETAILS (CONT') 

1S2 HFI HTR STEPS 

THIS CMD (ClDI IS A 16-STATE CMD WHICH ADVANCES THE HEATER 
EXCITATION PROGRAMMER (H4 H3 H2 H1l EACH TIME THl CMD IS EXECUHD 
IN MOD£/G THE PROGRAMMER ADVANCES BUTH THERE IS NO OTHER EFHCT 
SINCE THE PROBE HEATER CURRENT SUPPlY IS OFF. IN MOOEJLK THE 
EXECUTION OF CMD 152 AlTERNATES THE HEATER STATUS BETWEEN ON AND 
OFF, SIMUlTANEOUSlY STEPPING THROUGH THE 8 HEATERS (CURRENT SUPPLY 
IS ON FULL TIME AND HEATER ElEMENTS ARE SWITCHED IN AND OUT OF 
CIRCUITl. IN MODEJHK THE HEATER EXCITATION PROGRAMMER(ADVANCED 
BY CMD 1521 ALSO SEL!CTS THE DATA TO BE SAMPlED. 

7759-5543 



HFE ANALOG DATA 

AH-01 HFE +5V SUPPLY 
AH-02 HFE -5V SUPPLY 
AH-03 HFE + l5V SUPPLY EACH SAMPLED ONCE 

AH-04 HFE -l5V SUPPLY EVERY 54 SEC ALSEP 

AH-05 (DELETED) SEQUENCE 

AH-06 HFE HTR/LK ON/OFF 
AH-07 HFE HTR/HK ON/OFF 

7769-6644 

HFE THERMAL CONTROL 
PDU ...,._. HFE 

I 
r-

:oPER HFE OPER SEL 

~ 
KLIXON 

~ 
I 

+20°C 
NOMINAL 
SET POINT 

I I OFF I 
2CJV I 

~ I : STBY 
I • I <> I 

I 

HFE STBY SEL~ ~ OPERATIONAL 
HEATER 
4. 2W 

RETURN 

NOTE: ADDITIONAL THrRMOSTAT TURNS A PORTION OF INSTRUMENT 
ELECTRONICS ON/OFF BETWfEN MEASUREMENTS IF TEMP IS LOW/HIGH 

7759-6645 

I 



ELECT SPEC 
12 

10 

8 

WATIS 

4 

0 

HFE PROBE 

HFE POWER PROFILE 

------

HFE TIE-DOWN 

HFE ELECTRONICS 

7759-6646 

SUNSHIELD 

7759-6547 



HFE ALIGNMENT MARKINGS 
TAPE CABLE TO } ~ -
CENTRAL STATION ---- 1

1, 

(PROBABLY NW OF HFE) 

SOCKET FOR UHT 

N 

+ 

<-\~) 
TO PROBE / '-..__ 

TO PROBE 

7759-6648 

/ 

HFE EMPLACEMENT CRITERIA 
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Range 

Resolution 

Accuracy 

Stability 

DESIGN GOALS AND HEAT FLOW 
EXPERIMENT MEASUREMENTS 

-·-----------

Probe Lunar Subsurface Temperature Difference 
Temperature Temperature in lower Meter 
(lower Meter) (Upper 2 Meters) for 50-cm length Thermal ConductivitY_ -----
200-250°K 90-350°K !: 20°C 5 x to·• to 

1 x 10"3 cal/cm-sec°C 

0.1°C 0.5°C 0.001°C !:20% 

:!" 0.1°C :!" 0.5°C ! 0.003°C !:20% 

0.1°C/year 0.5°C/year 0.003°C/year 

7759-5550 

TYPICAL PROBE EMPLACEMENT 

····~··! 

I 
I 

I ·1···1 I 
I ... , 

7759-5551 
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GRADIENT SENSOR 

r-- 0.40 

MmmUog Bulhlnu 
lMona-FII•m•flf Wnund, 
Epoliy·GI-t 

fH filar Wound Ou•l 
Fl•m.ml\ 
IS•"O•t•ll A) 

7769-6662 

ELECTRONICS BOX THERMOCOUPLE REFERENCE 
SENSOR 

r--

j I 
~w?"-
~~ ............ 'f'loo .... -·~ 
~·o-t0t\.1tt-t"C!"'~" .. 

7759-5654 
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CALIBRATION APPARATUS-SCHEMATIC BLOCK 
DIAGRAM 

laC-

Gl11fdhnR 
Model5714 
Ph01oceU 

Galv•nome"r 

-~--

GuoldiiM 
ModiiiSA 21 

S.eQncllry 
Gtlvlnoi'TIIII., 

'7759-5555 

CALIBRATION APPARATUS DETAILS 

Aluminum lnt1ffCOilrnK"IIIlll 

... 

Pintle Tubing 

lntCoih m 
19 
m 

lnNr~Jtdc·" 
P.-..i a ... II'IIUt.tlon ...... 



TYPICAL CALIBRATION DATA FOR RING AND 
GRADIENT SENSORS 

tlr ..... m...,.., Thlll'm1l ConMihllt-,. Ul!nel "-onm Tlwun-' I ""'blt1Mlv (11lfl~)t.rooc~ !l!adltlrll a..,..., 
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UppwS...O. 

ladlit ... faflcll-~ ";;--il4-.------- a,
1 

t.i:o-:313 

.,, 171.108 ... , 181101 .. , to.tll o,, Ml.37 .. , ...... o,, .... 7759-5557 

TEMPERATURE GRADIENT TESJ APPARATU_~ AND 
INSTRUMENTATION SCHEMATIC BLOCK DIAGRAM 

f~lh.lfl 
<.ir•dllllt Tut .. 

T•ftJ*•h"• 
CW11fOifluld 

j -

7759-5559 



GRADIENT TUBE HEATERS 

7759-5560 

GRADIENT TUBE HEAT SHIELD 

_______________ j 7759-5561 



GRADIENT TUBE ASSEMBLY ALTERATION OF T &AT 

------200"<-------
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7759-5562 

TYPICAL RING BRIDGE SHORTING RATIOS 
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TEMPERATURE GRADIENT APPARATUS TESTS 
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THERMAL CONDUCTIVITY APPARATUS AND TEST 
INSTRUMENTATION PRINCIPAl ELEMENTS 

TYPICAL THERMAL CONDUCTIVITY 
MEASUREMENTS-MODE 2 

7759-5566 
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TYPICAL THERMAL CONDUCTIVITY MEASUREMENTS-MODE 3 
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Section 8 

Alsep System Design 
Constraints and Design 

Selection 



DESIGN CONSTRAINTS AND SELECTION 

DESIGN CONSTRAINTS 

ALSEP POWER HISTORY 

POWER MANAGEMENT 

UPLINK 

POWER REDUCTION 

OVERLOAD PROTECTION 

EXPERIMENT POWER SWITCHING 

ANTENNA POINTING 

MISSION TERMINATION 

CENTRAL STATION THERMAL CONTROL 

ADDITIONAL DESIGN APPROACHES 

DESIGN CONSTRAINTS 
(ORIGINAL EXHIBIT B) _ 

LIFETIME: CONTINUOUS OPERATION FOR ONE YEAR 

RELIABILITY: GOAL OF 0.9 FOR SYSTEM OPERATION 

TOTAL SYSTEM WEIGHT: 185 LBS 

VEHICLE CONSTRAINTS: SEQ BAYS 

LUNAR SURFACE: 

VOLUME: 15 FTJ 

WEIGHT' 210 LBS TOTAL 

TEMPERATURE: 0 to 160°F 

EXTERNAL·FUELCASK 

VOLUME: CONSTRAINED BY SLA WITHDRAWAL LINE 

WEIGHT' 25 LBS 

THERMAL' 100 BUT'S PER HOUR INPUT TO LM 

LAUNCH, BOOST, LUNAR DESCENT VIBRATION 

TEMPERATURE: -300°F TO +250°F 

VACUUM: LESS THAN 10·12 TORR 

7759-5720 

SURFACES: ASSUME ALL SURFACES EXPOSED TO RADIATION 

ARE OUST COVERED AND UV DEGRADED 

f-1 



DESIGN CONSTRAINTS 
(ORIGINAL EXHIBIT B) CONT' 

POWER: 

SNAP-27 RTG ·56 WATTS AT ONE YEAR 

OPERATION: 

OPERATE 3 TO 4 ALSEP'S SIMULTANEOUSLY 

BIT ERROR RATES: 

UPLINK: 10·9 

DOWNLINK: 10·4 

MSFN/MCC 

ANTENNAS: 30 FOOT DISH WITH INFREQUENT USE OF 85 FOOT 
DISHES PERMISSIBLE 

OPERATION: REAL TIME SUPPORT · CONTINUOUSLY FIRST 45 OAYS 

· 2 HOURS PER DAY THEREAFTER 

REAL TIME SUPPORT OF TWO SYSTEMS SIMULTANEOUSLY 

ALL RECEIVED DATA IS RECORDED 

DESIGN CONSTRAINTS 
(ORIGINAL EXHIBIT B) CONT' 
DEPLOYMENT SITE: 

LATITUDE: ;t5° 

LONGITUDE: _:!- 450 

SOLAR ELEVATION ANGLE 7° TO 3o" (45° GOAL) 

ASTRONAUT ACTIVITIES AND INTERFACES 

SIMPLE AND SAFE 

DEPLOYMENT TIME: 90 MINUTE MAXIMUM (F-1) 

DEPLOYMENT DISTANCE: 300 TO 1000 FEET 

CAPABILITIES: 

REACH: WORKING 28" to 66" 

MAXIMUM 22" TO 72" 

VISUAL: HIGH-CONTRAST INDICATORS 

7759-5707 

7759-5708 

( 



ASTRONAUT INTERFACES 

SAFETY 

BIOMED: WITHIN EXERTION AND LIFE SUPPORT LIMITATIONS 

TEMPERATURES: NO CONTACT WITH EXTREMELY HOT SURFACES 

PUNCTURES: NO SHARP EDGES, ETC.; NO HAZARDOUS PYROTECHNICS 
NO EXPOSED HIGH VOLTAGE POINTS 

CAPABILITY 

MOBILITY: LIMITATIONS ON REACH (UP AND DOWN) KNEELING, 
TWISTING, ETC. 

DEXTERITY: HANDLE SIZE COMPATIBLE WITH GLOVES, NO ADJUSTMENTS 
REQUIRING EXTREME PRECISION 

VISUAL: HIGH-CONTRAST INDICATORS FOR LEVELING AND ALIGNMENT 

7759-5722 

CHANGES IN CONSTRAINTS 

WEIGHT: 

SEQ BAYS: 220 LBS} 

EXTERNAL: 65 LBS 

POWER RTG OUTPUT: 

285 LBS 

63 WATTS MINIMUM, 70 WATTS TYPICAL, 80 WATTS MAXIMUM 

SITE: 

LONGITUDE: 
PLUS MAR IUS HILLS FLIGHT 4 AND SUBSEQUENT 

LATITUDE: 

TURN OFF: 

TWO YEARS OR LONGER 
7759-5709 

3-3 



SCIENITIC MERIT AS FUNCTION OF TIME 
SIDEICCIG 

sws 
LSM 

PSE 

MOST OF THE SCIENCE OBJECTIVES ARE OBTAINED AT COMPLE· 

TION OF SUCCESSFUL OPERATION FOR ONE LUNAR DAY. 

FURTHER OPERATION PROVIDES CONFIRMING DATA. 

A SIGNIFICANT NUMBER OF IMPACTS OR TEICTONIC EVENTS MUST 

BE OBSERVED. DATA IS GREATLY ENHANCED BY SIMULTANEOUS 
OPERATION OF TWO OR MORE SEISMOMETERS. 

ESTIMATED FULFILLMENT OF SCIENCE OBJECTIVES PERFORMANCE INCENTIVES 

30DAYS 50% 

90 DAYS 75% 

180 DAYS 85% 

1 YEAR 100% 

ALSEP SYSTEM 
POWER VS TIME 

ARRAY A 

1 MINUTE 12.5% 

10 DAYS 27.5% 

30DAYS 42.5% 

90 DAYS 67.5% 

180 DAYS 80.5% 

360 DAYS 87.5% 

TURN OFF 100 

7759-5710 

OPERATIONAL POWER 

---MAXIMUM 

-----MINIMUM 

45.6 61.5 61.3 58.9 55.1 54.3 52.7 57.0 55.9 54. 0 539 53 5 53 5 0 

EXHIBIT B LR.56.0 w 

J./ r----
] ...... ---- --- -- ----- -----

0 
I F M I A M I J I J I A I s I 0 I N 

1966 
'I 0 I J I F 

1967 
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80 

1----1----- --1!-----
60~;;~~--~~~==~==iN=IG:H:T~~~~~~~--~~~~~~·~'-----t---------1 

1--- -----'-. ____ L __ ----- --
DAY """::;' -- ·-r-· •-

40~FU:N:C~T=!O~N=A:L~P:OW~E=R~_;r--_L __ _L __ ~---L--7-~~--~~~~~---:---:---;~ 
I J J 1 A 11:S

7
' o 1 N 1 o I J 1 F •,:

8 
1 A M// ~ov 

69
1 

7759-5705 



ESTIMATED SYSTEM OPERATIONAL POWER 
--~ FUGHTSVSTEMIII 

!======== CONTRACTEXHIBITB 

- -·" 
THERMAL CONTROL -------........... __ __ --

AS 0 N OIJ F M AM J J AS 0 N ol 
I - l 

FLIGHT SYSTEM IV _ • --~ 

t======= CONTRACTEXHIBITS 

"'-~-~- --

--
7759-5713 

POWER MANAGEMENT 

POWER REDUCTION PROGRAM 

POWER OVERLOAD PROTECTION 

EXPERIMENT POWER SWITCHING 

POWER/THERMAL CONTROL CONSIDERATIONS 

7759-5724 



DESIGN APPROACHES TO REDUCE POWER 
POWER CONDITIONING UNIT 

AUTOTRANSFORMER FOR HIGHER EFFICIENCY 

DATA PROCESSOR 

CHANGE LOGIC FOR REDUCED POWER 25 to 14.5 WATTS 

COMMAND DECODER 

LOGIC CHANGE 

PARTIAL REDUNDANCY VERSUS FULL REDUNDANCY 

RTG CABLE 

LARGE CONDUCTOR SIZE TO REDUCE LOSSES 

7759-5718 

POWER OVERLOAD PROTECTION 

COMMAND 

RESET TRANSMITTERS 

REQUIREMENT; 

PROTECT CENTRAL STATION FROM CATASTROPHIC FAULTS 

AUTOMATIC OPERATION WITHOUT GROUND CONTROL 

ALLOW FOR REASONABLE TURN-ON AND SWITCHING TRANSIENTS 

MAINTAIN LOGIC STATUS DURING FAULT 

ADDITIONAL CONSTRAINT: 

TIMING CONSISTENT WITH POWER SOURCE DYNAMIC RESPONSE 

APPROACH: 

RESETTABLE CIRCUIT BREAKERS FAULT PROTECTION AT 500 MA 

TIME CONSTANTS- ALLOWS REASONABLE TRANSIENTS, PROTECTS 

AGAINST SERIOUS OUT-OF-REFUlATION CONDITION 

RIPPLE OFF- SLOW DEGRADATION PROTECTION 

7759·5714 



EXPERIMENT POWER SWITCHING/EXPERIMENT 
SURVIVAL 

REQUIREMENT: 
PROVIDE SCHEME TO PERMIT EXPERIMENTS TO SURVIVE FOR PERIODS 

WITHOUT OPERATING POWER-ON 
ADDITIONAL CONSTRAINT: 

TWO HOURS PER DAY REAL TIME COVERAGE AFTER 45 DAYS 
APPROACH: 

OPERATE } 
STANDBY (SURVIVAL) 

STANDBY- OFF 

POWER MODES 

+29 VDC 

POWER RETURN 

POWER SUBSYSTEM/CENTRAL 
STATION THERMAL CONTROL 

REQUIREMENT: OBTAIN THE BEST USE OF AVAILABLE POWER AND POWER 
SWITCHING MODES FOR IMPROVED THERMAL CONTROL 

HEATERS 

7759-5716 

APPROACH: DAYTIME IMPROVEMENTS- COMMANDABLE 7 AND 14 WATT DUMP LOADS 

NIGHTTIME IMPROVEMENTS - COMMANDABLE 5 AND 10 WATT HEATERS 

sw 

Thermal Bag 

~Dumps 
I o 

' ~M' 
L---------- ------------------- _j 7759-5725 



7759-5715 

POWER CONVERTER CONSIDERATIONS 
REQUIREMENTS: 

HIGH EFFICIENCY 

DESIRABLE TO PRESENT CONSTANT LOAD TO RTG 

REDUCE OUTPUT RIPPLE 

PROVIDE SURGE AND TRANSIENT CAPABILITY 

ALTERNATE APPROACHES TO PCU DESIGN: 

REGULATOR 

SHORTING 

SHUNT 

CONVERTER 

AUTOTRANSFORMER 

ISOLATED TRANSFORMER 

MODEST OUTPUT CAPACITANCE 

AND TRANSIENT CONTROL 

LARGE FILTERS 

DESIGN SELECTION: SHUNT REGULATOR/AUTOTRANSFORMER/MODEST FILTERING 

HIGH EFFICIENCY 

BETTER EMI CHARACTERISTICS 

SIZE AND WEIGHT 
7759-5717 



ANTENNA POINTING REQUIREMENTS 
LUNAR LIBRATION: 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 LATIITUDE DUE TO: 
INCLINATION OF MOON'S ROTATION AXIS TO ITS ORBITAL PLANE 

SECONDARY EFFECTS: 
NON-SPHERICAL EARTH & MOON 
SOLAR PETURBATIONS 
GYROSCOPE & PENDULUM COUPLING 

COMB I NED EFFECTS: PATTERN CHANGES 
MONTHLY & YEARLY 

ANTENNA POINTING REQUIREMENT 

MEAN SUBEARTH 
POINT 

TO EARTH 

ANTENNA 
COVERAGE 
REQUIREMENT 

SHADED ANGLES " 16° 

7759-5701 



ANTENNA AND ANTENNA POINTING 
REQUIREMENT: 

POINT AT THE NOMINAL CENTER OF EARTH'S MOVEMENT PATTERN 

TOTAL ALLOWABLE LEVELING, ALIGNMENT, AND MECHANISM ERROR -5° 

ACCEPTABLE GAIN UP TO 17° OFF AXIS 

ALTERNATIVE: 

TECHNIQUE 
{ 

BORESIGHT AT EARTH AND OFFSET 

LOCAL VERTICAL, E-W REFERENCE 

{ 

BALL AND SOCKET 
MECHANISM 

GEARS AND GIMBAL 

SELECTION: 

ANTENNA AXIAL HELIX- ACCEPTABLE GAIN TO 22° 

LOCAL VERTICAL, E-W REFERENCE 

AIMING MECHANISM, TWO GIMBAL GEA~ED SYSTEM 

ASTRONAUT CAPABILITY 

HIGHER CONFIDENCE 

UPLINK APPROACH 

REQUIREMENTS 

TURN-ON, INITIALIZE EXPERIMENTS 

INITIATE EXPERIMENT MODE CHANGES 

OPERATE THREE SYSTEMS SIMULTANEOUSLY 

PROVIDE MODULATION SCHEME WITH ADEQUATE SECURITY 

MCC COMPATIBILITY 

APPROACHES. 

REDUNDANCY 

FULLY REDUNDANT WITHOUT TIMER 

PARTIALLY REOUNDANTWITH TIMER 

MODULATION 

SIMPLE MODULATION/ADDRESS SCHEMES 

SPREAD SPECTRUM MODULATOR 

APPROACH SELECTED: 

1. PARTIALLY REDUNDANT WITH ON BOARD TIMER 

POWER SAVINGS 

2. 21 BIT COMMAND WITH ONE AND TWO KHZ MODULATION 

SIMPLICITY AND RELIABILITY 
AMPLE ADDRESS CAPABILITY 
SUFFICIENT ADDRESS AND MESSAGE SECURITY 

7759-5712 

7759-5711 



DATA LINK ANALYSIS 
REQUIREMENT: BIT ERROR RATES 

BORESIGHT ANTENNA GAIN: 15.2 DB 

UPLINK: 2119 MHz 

10 KW TRANSMITTER POWER 

IF SIN MARGIN 

30FT+ 9.3 DB 

85FT+ 18.1 DB 

UPLINK: 10-9 

DOWNLINK: 10-4 

DOWNLINK: 2276.5 TO 2279.5 MHz 

1 WATT OUTPUT POWER 

LINK MARGIN 

NORMAL BIT RATE -1.06K BPS 

30FT DISH 

ASE BIT RATE 

85FT DISH 

- + 7.2 DB 

-10.6 K BPS 

-+6.5 DB 

7759-5703 

ISOLATION AND GROUNDING 

EXPERIMENT INTERFACES 
DC ISOLATION OF SIGNAL GROUND, CHASSIS RETURN, AND POWER RETURN 
SURGE AND TRANSIENT SUPPRESSION 

CENTRAL STATION 
SINGLE POINT GROUND 

PWR RETURN 

SIGNAL RETURN 

SHIELD 

CHASSIS 

HEATERS, 
.-------DRIVE 

SCIENCE SIGNALS 

MOTORS, 
SOLENOID 

7759-5721 

;7-1( 



MISSION TERMINATION 

REQUIREMENT; TURN OFF DOWNLINK AT END OF ONE YEAR 

APPROACHES: HIGHLY REDUNDANT UPLINK/NO TIMER 

MECHANICAL TIMER- BATTERY AND PRIME POWER SOURCE DRIVER 

SOLID STATE ELECTRONIC TIMER 

CHEMICAL TIMERS 

ADDITION CONSTRAINT: (DIRECTED INTERPRETATION OF EXECUTIVE ORDER) 

ON BOARD MISSION TERMINATION DEVICE INDEPENDENT OF UPLINK 

SELECTION: BATTERY OPERATED MECHANICAL TIMER 

LOW POWER, WEIGHT, VOLUME 

USER DATA 

7759-5704 

CENTRAL STAT ION THERMAL CONTROL 

REQUIREMENT 0 TO 125°F ON THERMAL PLATE 

ALL HORIZONTAL SURFACES ARE DUST COVERED 

2 ~~::~~:: ::F0

LECTOR 

RADIATOR 

THERMAL 
PLATE 

SELECTION: SUNSHADE AND SPECULAR REFLECTOR 

SIMPLE-RELIABLE 
COMPLETELY PASSIVE 

COMPATIBLE WITH OUST COVER 7759-5719 



ADDITIONAL DESIGN APPROACHES 
OR CONSIDERATIONS NOT DISCUSSED 

POWER: 

REGULATOR RANGE 

RTG TEMPERATURE WINDOW VERSUS ACCURACY 

PCU HOLD OFF CIRCUIT/RTG WARM UP 

TURN ON USING ASTROSWITCHES 

DATA SUBSYSTEM: 

PULSE RISE AND FALL TIMES AND REPETITION RATE VERSUS CROSSTALK 

LOGIC NOISE IMMUNITY 

THERMAL: 

REDUCTION OF HEAT LEAK USING MANGANIN WIRE 

EXPERIMENT INTERFACES: 

SELECTION OF FLAT CONDUCTOR CABLE OVER CONVENTIONAL CABLING 

POWER DISTRIBUTION OVER LONG LINES (SIDE AND LSM) 

PULSE RISE AND FALL TIME CONTROL IN FLAT CONDUCTOR CABLING 

VARIABLE EXPERIMENT INTERFACES 

ISOLATION AND GROUNDING PHILOSOPHY 

ALSEP FLIGHT 1 RELIABILITY 

7759-5723 

Subsystem Reliability Goal Current Reliability Prediction 

Power 0.9900 0.9819 

Data o. 9 642 o. 8766 

Structural/Thermal 0.9997 o. 9926 

Passive Seismic 0.9900 0.9322 

Magnetometer 0.9900 o. 7644':' 

Solar Wind 0.9900 o. 8543"-' 

SIDE/CCGE o. 9900 o. 6803':' 

':'GFE Predictions Furnished by NASA. 

7759-5702 
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Alsep Structural Design 



SYSTEM REQUIREMENTS AND CONSTRAINTS 

e LM INSTALLATION 

e MASS PROPERTIES 

e PRELAUNCH OPERATIONS 

e LAUNCH, FLIGHT AND LANDING 

e REMOVAL FROM LM 

e ASTRONAUT INTERFACE 

e LUNAR ENVIRONMENT 

e DATA TRANSMISSION AND RECEPTION 

e GENERAL DESIGN CRITERIA ns9-5847 

MECHANICAL CRITERIA 

STRUCTURAL <e 
ELEMENTS e 

• 
JOINTS, < 
FITIINGS e 
& FASTENERS e 

WITHSTAND LOADS OF LAUNCH, FLIGHT, & 
LUNAR LANDING 

WITHSTAND LOADS ASSOCIATED WITH DEPLOYMENT 

SUPPORT THE EQUIPMENT ON THE LUNAR SURFACE 

HOLD SECURELY IN LOCKED POSITIONS 

RELEASE & FUNCTION OUR lNG DEPLOYMENT 

SPECIAL JIGS & SHIPPING CONTAINERS PROVIDE 
PROTECTION FOR PRELAUNCH HANDLING, TRANS­
PORTATION, & STORAGE 

7759-5811 
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ASTRONAUT INTERFACE 

SAFETY 

BIOMED: WITHIN EXERTION AND LIFE SUPPORT LIMITATIONS 

TEMPERATURES: NO CONTACT WITH EXTREMELY HOT SURFACES 

PUNCTURES: NO SHARP EDGES, ETC.; NO HAZARDOUS PYROTECHNICS 

CAPABILITY 

MOBILITY: LIMITATIONS ON REACH (UP & DOWN), KNEELING, TWISTING, ETC. 

DEXTERITY: KNOBS & HANDLES SIZED TO FIT GLOVES, MINIMUM USE OF FINE 
ADJUSTMENTS, FEW ELECTRICAL CONNECTORS MATED ON MOON 

VISUAL: INDICATORS !LEVELING & ALIGNMENT) PROVIDE HIGH CONTRAST; 
STRIPES ON PACKAGE EDGES WHERE THERMAL DESIGN PERMITS 

7759-5846 

ASTRONAUT CONSTRAINTS 

REACH PARAMETERS 

MAXIMUM 60 INCHES 

ABOVE LUNAR SURFACE - 28 INCHES FOR WORKING AND MANIPULATING 
22 INCHES FOR GRASPING OBJECTS 

FORCE PARAMETERS 

KNOBS 

0.75'' DIA 
1.00" DIA 
1.25'' DIA 
1.50" DIA 

3.8 LBMAX 
5.0 LBMAX 
7.6 LB MAX 
9.6 LBMAX 

PUSH/PULL, RIGHT/LEFT, UP/DOWN 

DYNAMETRIC FORCE 

STATIC LOAD 

20LBMAX 

10 LB MAX 

60 LBMAX 

7759·5880 



---------------- --·---·----

ASTRONAUT CONSTRAINTS (CONT') 

VIEWING ANGLES 

OPTIMUM 

MAXIMUM 

CONTRAST 

SAFETY 

THERMAL 

MECHANICAL 

ELECTRICAL 

ORDINANCE 

30° CONE CIRCUMSCRIBED BY 15° RIGHT AND LEFT, 0° UP 
AND 30° DOWN FROM THE HORIZONTAL LINE·OF·SIGHT. 

90° RIGHT AND LEFT, 70° UP AND 8s0 DOWN FROM HORIZONTAL 
LINE-OF-SIGHT. 

BLACK CHARACTERS ON WHITE BACKGROUND -PREFERRED. 
BLACK CHARACTERS ON YELLOW OR GOLD BACKGROUND- ACCEPTABLE. 
ORANGE CHARACTERS ON WHITE BACKGROUND- ACCEPTABLE. 

260° MAXIMUM- SUIT CAPABILITY 

0,030" RADII ON ALL EXPOSED EDGES AND CORNERS- TEFLON 
TAPE OR SUBSTITUTE ACCEPTABLE WHERE MATERIAL THICKNESS 
PRECLUDES REQUIRED RADII. 

NO ASTRONAUT INTERCONNECTION OF ELECTRICALLY HOT CABLES. 

REDUNDANCE REQUIRED TO ACTUATE ORDINANCE. 

7759-6881 

INSTALLATION IN LUNAR MODULE 

• SLIDE IN 

• LIFT AND INSERT PIP PINS 

• CLOSE THERMAL DOOR 

INSTALLATION 
FIXTURE 

7759·5849 

9-.3 
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LM HARD POINTS 

BULLET PINS (4) ON LM 
IN REAR OF SEQ BAY 

TABS (4) ON SIDES OF 
ALSEP (ENGAGE BY 
RAISING ALSEPI 

\ 
PIP PINS (4) 

REMOVAL FROM LUNAR MODULE 

•BOTTOM OF SEQ BAY !BIN. TO 60 IN. FROM SURFACE 
& ± 15 o TILT (ANY DIRECTION) 

• CLOSE LM DOOR FOR THERMAL INTEGRITY 

•LANDING LOCATION WITHIN± 5° FROM EQUATOR & ± 45° E- W 

• LM PROBABLY LANDS FAC lNG NW OR SW 

• SUN ANGLE 7u TO 20" (POSSIBLE 45") 
ABOVE HORIZON AND RISING 

• ALHT REMOVAL SEPARATELY OR 
ATTACHED TO ALSEP 

7759-5832 

7759-5845 



ALSEP 
DEPLOYMENT 

TASKS 
ASSOCIATED 

WITH LM 

ALSEP 
DEPLOYMENT 

TASKS AT 
EXPERIMENT 

SITE 

• REMOVF PKG N I 

LUNAR SURFACE PHASE 

DEPLOY 

CENTRAL ~ 
STATION 1."1 \ 
I&Jlll~Ji 

r'r~ 

--- ·----·---- -. -.. --
TRANSFER -

! d~-~ FU~ ~tf) 
~hi l!rtfL~ 

' PREPARE FOR TRAVERSE 

DEPLOY 

~·· 
DEPLOY 

EXPERIMENTS 

7759·6835 

REMOVE PACKAGES 

R£TRILVI BOOM IANYAIW, PULL 
PKG OUT & LOWlll WITH BOOM. 
RELEASE I'KG & PLACE IN 

TEMPORARY LOCATION 
• REPEAT FOR PKG N2 

e RELEASE & RlMOVE ALHT 
• RETRIEVE DOOR LANYARD & 

LOWER DOOR 
• REMOVE & DEPLOY TOOLS 

REMOVE PULL PINS, RETRIEVE 
TOOLS AND PLACE IN NEW 
LOCATIONS, MATE MAST TO PKG *1 

7759·5834 

9-s-
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PREPARE FOR TRAVERSE 

• ROTATE & RE-OR lENT PKG #2 

• JOIN MAST TO PKG #2 
(ALREADY MATED TO PKG #II 

7759-5836 





BARBELL CARRY 

• ALLOWS ALL EQUIPMENTTO BE CARRIED BY ONE MAN 
IN ONE TRAVERSE 

•·SUITCASE HANDLES FOR TWO-MAN OR BACKUP 
CARRY MODE 

• GIVES GOOD BALANCE & VIEW OF FEET 

• EQUIVALENT EARTH WEIGHT"" 35 LB 

TRAVERSE 

• MAY BE SET DOWN 
TO REST 

• CARRY BAR LATER 
USED AS ANTENNA 
MAST 

7769-5839 

·;(~ 
• COMMANDER ~ t£1~1i-;q , 

CARRIES SUB PALLET & ALHT \~ '(_ .'~~~ 
LEADS & PICKS ROUTE ~ f: 1 --~ ~- ~ I• =· 

- I I I - C">i -

•LM PILOT :- ~- 1 ~, ~ _J?.+i·; ·,·;·, ~~-
CARRIES ALSEP BARBELL :. _K-..... _-:-__ -!iJ!l,!.'}&!J _· . ·::: 

• REST, AS NECESSARY _ _ fAf]}> _. _:: 
• COMMANDER PICKS DEPLOYMENT SITE ~ -~ 

1759-5838 

9-/~ 
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DEPLOY EXPERIMENTS 

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

sws PSE LSM SIDE 

CARRY 13 FT CARRY 10 FT CARRY 50 FT CARRY 55 FT 
EXTEND LEVELING LEGS REMOVE GIRDLE DEPLOY SUPPORT LEGS PLACE ON SURFACE 
PLACE ON SURFACE PLACE ON STOOL PLACE ON SURfACE DEPLOY GROUND SCREEN 

(PARTIALLY UNFOLD SHROUD UNFOLD SENSOR ARMS RELEASE CC IG 
SELHEVELINGJ UVEL BY BALL REMOVE PRA COVERS EMPlACE SIDE ON 

ALIGN BY INDICATOR LfVEL BY BUBBLl GROUND SCREEN 
SHADOWS READ ALIGNMENT ALIGN BY EMPLACE CC IG 

BY GNOMON SHADOWGRAPH LEVEL BY BUBBU 
SHADOW READ SHADOWGRAPH ALIGN BY 

ALIGNMENT SHADOWS 

7759-5842 

DEPLOYMENT FOR ALSEP 1 

~~ :.}_ _.... ioo 1 r BASil> oN 
- _ _....,../~ .... ~, , lM ASCI NT Ill A 'if WI Ill 

100% '>AFETY lAC lOR 

r! DATA PASSIVESEISMIC 

POWER11111rw LTII I 1 10 H ·- 0. · 
) ~~~ _- 59!l_~ 

\ ~ ~~;~ MAGNETOMETER ) -\ t~~- ( 'iOI All WIND 
1
1. ' •, 1'1 r: TIHJMf Tf I! 

'(· ~ '' .. l / '>UPRATHERMAL w
1

~~ -~ :~ 
U J/1 f~:~;\ '\\ON DETECTOR 

~ -- ~ }4 
"' COLD CATHODE I ON GAGE 

7759-5840 

9-1~ 



ANTENNA 

---- --~-~--~ --~------ -~ 

DEPLOY ANTENNA 

• ASSEMBLE ANTENNA ~--
•INSTALL MAST ON CENTRAL STATION ', 
•INSTALL AIMING MECHANISM ON MAST 
•INSTALL ANTENNA ON AIMING MECHANISM 

• OR lENT ANTENNA 
•ENTER COARSE & FINE ADJUSTMENTS IN AZIMUTH 
•ENTER COARSE & FINE ADJUSTMENTS IN ELEVATION 
•LEVEL AIMING MECHANISM BASE 
eALIGN E-W WRT SHADOW 
• RECHECK LEVEL 

~----~--- --------~---- --

STOWED CONFIGURATION-

PASSIVE SEISMIC EXPERIMENT 

7769-5841 

ALHT 
CARRIER 

77159-6833 

9-!3 





·-- ·--~----- .. ---

ALSEP FLIGHT 1 SUBPACKAGE 1 

·-·· ---··· 

STRUCTURE,'SUB.PACKAGE NO. 1 

7769·6806 

9-1~ 
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ELECTRONICS COMPARTMENT 

Q lHERMAl PLAT£ TrMP SENSORS ITMI 
(!) DSS HEAT£R THERMOSTATS 
CJ DSS & BACKUP HTR El£MENTS 

COMMANDS 121: 
DSS HTR ON/OFF 

PART OF 
El£CTRICAL 
POWER 
SUBSYST£M 

------ _.J 
7759-5815 

9-17 





CENTRAL STATION THERMAL CONTROL 
MECHANICAL 

N-S 
DIRECTION . .. 

RADIATION 

FASTENERS 

~ BOYD BOLT 

e:;e--~ ~-;~--<> IJ~I 0 I 0~ H NS ION & 
Sill A~ CONNICTIONS, 

I XPIRISUNSIIIflD 
SUNSH ULOIP~IMARY 

SlRUClURI 

~ 
PIPPINS ~ 

"'RING IOAOFD 
DllfNI HAILS 
\ISIIl lOR SHfAil 
CONNICIIONS· 

SliHI'AIIliii'AIIII 

lOOtS SUHI'Ailll 

7759-6814 

7759-5828 
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----- --------

SUNSHIELD TIE-DOWN 

·@J 

RELEASE THIS 

FASTENER LAST • @J. @J. ~ 

7759-5831 

EXPERIMENT MOUNTING PROVISIONS 



CABLES, REELS AND CONNECTORS 

CONOtJCIORS ICOPPERI 
WID Ifill 025 IN. } EQUIV 132 AWG 
THICKNESS 0.002 IN. 
SPAC lNG 0. 050 IN. CENTER TO CENTER 
RESISTANCE, 

TEMP 'c OHMS/1000 FT 
·115 4.4 

2!l 18.8 
111 26.5 

MtJTIIAltAPACITANCE, 5 PF/FT 
IN~IIIATION I'~APTOII'H·FILM, F!P TEFlON SANDWICH! 

KAPTON 0. 002 IN, THICKNESS IOUTERI 
HP IIfTON, 0.002JN. THICKNISS fiNNERI 
RfS !STANCE, h to" MEG OHMSIFT 

CARll 
WI IGHT < 0.5 lB/1000 FT/ CONDUCTOR 
AI Iff> USES OVER 4000 CONDUCTOR·FT 

I lAVES 10 lB COMPARED TO ROUND CA8UI 
USES MUUIPI£ CONDUCTORS IN PARAllEl 

FOR HEAVY CURRENTS 
CONNECT EVERY OTHER lEAD FOR SHIElDING 

SP£C IAl CABlE FOR RTG 

UNREElS IN BOTH 
DIRECTIONS 
SIMUlTANEOUSlY 

SPECIAl CONNI'CTORS FOR RTG & SID£ 
ITO BE MATED ON THE MOONI 

7759-5825 

-----~----- ---· ... -. -- ..... ------

BUBBLE 

RING ON FACE 
INDICATES 
REQUIRED 
SETIING 

@ 
USED ON: 

ANTENNA 
LSM 
SIDE 
CPLEE 

PSE HAS BALL 

LEVEL AND ALIGN INDICATORS 

COMPASS 

~ ANT£NNA 

'/ LSM 

CPLEE 

USED ON: 
PSE, SWS, ...a.., 1 • 1 
(SIDE SUBEARTHI ...... 1M 
HFE & CPLEE 

7759-5824 
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-· 

STRUCTURE/THERMAL ALIGNMENT MARKINGS 

STUD 

SHADOW 

ANTENNA 

I PAINT) 

AFTER LEVELING, ROTA 
THIS KNOB TO BRING 
SHADOW OF POST UP TO 
PAINT 

MAST/ AIMING MECHANISM 

TOP - - - - - - - -
VIEW 

REMOVABLE I 
COVER ~ 

I¢::=:=.:;::Z,D---\....I.... I 

r---; 
I I 

Ci> 1 I 

I 
I I 
I I 

I 

~~o~~~~:::;FV 

:----: I I 
l ) 

1 
I 

L_ ___ _j 

I 
I 
I 

7759-6823 

7759-6843 





·-

MAST/CARRY BAR 

7769-6829 

MAST /PRIMARY STRUCTURE 

7769-6844 





EXTENDERS 

/ . ..--·· 

TUBULAR 
EXTENDERS (4) 
(HUNTER SPR lNG) 

7759-6826 









ALSEP SUBPACKAGE 2 (FLIGHTS 1 & 4) 
------. 

7769-5802 
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APOLLO LUNAR HAND TOOLS 

G!OLOGIC SAMPLING TOOLS 

ASEPTIC 
SAMPLER .- SPRING SCALE 

''! /' 

.
/ ~ JJ' ~;./ HAMMER 

//·'"" ~/·) 

~OOP. 
BRUSHISCR I BERI 

HA77 

SURVEYING & PHOTOGRAPHIC INSTRUMENTS 

EARTH WI, II 118 

GEOLOGICAL TA~KS Will 
81 INOlPI NDI NT Of 
ALSEP DEPLOYMENT TASKS 
!NOT INC IN ALSEP TIME·LINEI 

I GNOMON 
2 SURVEYING INSTRIIM!N! 
l INITRUM£NT STAff 

7759-5818 
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en 
....1 = = 1-= :z: 
c 
::c 
a= c 
:z: 
= ....1 
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s-PE-CIALTOOLS 

ALL WE I GHTS ARE EARTH LB 

UIIT 0.53LB 
EACH 

14.6 LB FUEL CASK MOUNT & INSULATION. PART OF STRUCTURE/THERMAL 
SUBSYSTEM. COVERED UNDER ELECTRICAL POWER SUBSYSTEM 

ALSEP FLIGHT 3 SUBPACKAGE 1 
---

7769·6816 

7769·6803 



ALSEP FLIGHT 3 SUBPACKAGE 2 

, ____ . 

...... 

ALSEP FLIGHT 4 SUBPACKAGE 1 

7759-5805 
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ALSEP STEADY -STATE ACCELERATION LEVEL 
(DESIGN-LIMIT) 

LEVEL: 14 g 

DURATION: 60 SEC. (MINIMUM) 

AXIS: +X (ONL VI 

TOLERANCES: PER MIL. STD. 810 B 

7759·5882 

ORIGINAL ALSEP DYNAMIC ENVIRONMENTAL 
SPECIFICATIONS (GAEC lCD NO. LIS-360-22302) 

ACCELERATION: 4.9 g !MAX., +X AXIS) 

SHOCK: 0 to 20 MSEC. INCREASING RAMP 

20 TO 220 MSEC. 10.8 9 DWELL 

220 TO 260 MSEC. DECREASING RAMP 

VIBRATION: 

LAUNCH & BOOST 

SINUSOIDAL 1 SWEEP/AXIS@ OCT/MIN 

5·18.51u 0.154 IN. DIA. 

18.5. 100 2.69 g ·PEAK 

RANDOM: 5 MIN/AXIS 

10· 23Hz +12 DB/OCT 

23-80 0.0148 g2/Hz 

80·105 +12 DB/OCT 

105.950 0.0444 g2/Hz 

950. 1250 -12 DB/OCT 

1250.2000 0.0148 g21Hz 7759·5883 



ORIGINAL DYNAMIC ENVIRONMENTAL 
SPECIFICATIONS (CONT') 

LUNAR DESCENT 

SINUSOIDAL: 1 SWEEP/AXIS@ OCT/MIN 

5-19.4 Hz 0.01 IN. DIA. 

19.4-100 1.92g-PEAK 

RANDOM: 12.5 MIN./AXIS 

15-100 Hz 

100-176 -6DB/OCT 

176-2000 

NOTE: ABOVE LEVELS ARE INDUCED (ACCEPTANCE)- DESIGN LIMIT LEVELS 

ARE DEFINED TO BE INDUCED ACCELERATION LEVELS TIMES 1.3. 

7759-5884 

ALSEP ENGINEERING TESTS 
TEST ITEM 

iProto-1 (SP-1) 

Proto-1 (SP-1) 
Solid Sunshield) 

DATE TEST* LEVEL AXES 

June 1967 Vibration (Sme tz Random) Design Limit x, y, z 

Sept. 1967 V1brat10n (Sme & Random) Design Limit x, y, z 

jr..sM Proto-1 (SP-l) Oct. 1967 Vibration (Sine & Random) Design Limit x, y, z 

~rotc-A {SP-1 & 2) Oct. 1967 Vibration (Sine & Random) Design Limlt x, y, z 

:Prota-2 (SP-1) Apr. 1968 V1bration (Sme & Random) Design L1mit x, y, z 

Proto-2 (sP-2) July 1968 Vibration (Sine & Random) Design Limit x, y, z 

OBJECTIVE 

Dynamic Response of 
ALSEP Structure 

Dependence of Dynamic 
Response upon Number 
of Fasteners & Pre-Load 

Dynamic Response of 
LSM and SWS 

Demonstration of Al.SEP 
Structural Integrity 

Variatwn of Dynam1c 
Response wah Reductlon 
of Fastener -- with 
Off-Loaded Experiments 

Variat10n of Dynamic 
Response with Off­
Loaded Experiments 

* Prior to the LSM Proto-1 Tests the anginal ALSEP Test Levels were revised per LTA-3 tests results. 

7759-5885 



ALSEP QUALIFICATION TESTS 
TEST ITEM SUB PACKAGE DATE TEST LEVEL AXES 

APR.1968 VIBRATION I SINE & RANDOM) ACCEPTANCE X. Y,Z 

JUNE 1968 VIBRATION (SINE & RANDOM) DESIGN LIMIT X, Y,Z 

OUALSA 1&2 

JUNE 1968 SHOCK DESIGN LIMIT X, Y,Z 

JULY 1968 STEADY STATE ACCELERATION DESIGN LIMIT X 

1 AUG. 1968 VIBRATION (SINE & RANDOM) ACCEPT & DES LIM X, Y,Z 

D·2 FLT. SPARE 

2 SEPT. 1968 VIBRATION (SINE & RANDOM) ACCEPT & DES LIM X, Y,Z 

DEC. 1968 VIBRATION (SINE & RANDOM) DESIGN LIMIT X, Y,Z 

OUALSB 1 &2 

JAN. 191>9 SHOCK DESIGN LIMIT X, Y,Z 

JAN. 1969 STEADY STATE ACCELERATION DESIGN LIMIT X 

MARCH 1969 SHOCK DESIGN LIMIT X, Y,Z 

OUALC 1 MAY 1969 VIBRATION !SINE & RANDOM) DESIGN LIMIT X, V,Z 

MAY 1969 STEADY STATE ACCELERATION DESIGN LIMIT X 

7759-5886 

ALSEP FLIGHT ACCEPTANCE TESTS 

ITEM DATE TEST LEVEL AXES 

D-2 FLIGHT (SP-1 & 2} AUG. 1968 VIBRATION (SINE & RANDOM) ACCEPTANCE X, Y,Z 

FLIGHT 1 ISP-1 & 2) ARRAY A SEPT. 1968 VIBRATION (SINE & RANDOM) ACCEPTANCE X, Y,Z 

FLIGHT 2 ISP-1 & 2) SEPT. 1968 VIBRATION (SINE & RANDOM) ACCEPTANCE X, V,Z 

FLIGHT 3 (SP-1 & 2) ARRAY B DEC. 1968 VIBRATION(SINE & RANDOM) ACCEPTANCE x. v.z 

FLIGHT 4 (SP-1) ARRAY C NOV. 1968 VIBRATION (SINE & RANDOM) ACCEPTANCE X. V,Z 

7759-5887 



ALSEP LIMIT LEVEL SHOCK SPECIFICATION 
(REF. MIL. STD. 8108) 

~X,:':_Y,:':_Z DIRECTIONS 

lSt-mCKSI'EROIRECTION 

7759-5888 

NOMINAL DESIGN LIMIT* VIBRATION LEVELS 
TEST ITEM. ALSEP SUBPACKAGES 1 & 2 

SWEEP RATE. 'i. OCT/MIN 

INPUT AXIS X.V.Z 

5 tO 20 50 TOO 200 

"COMBINED l & B AND LUN. DES 7 7 59-5889 
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" a: .. 
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w 
~ 

2 

.0 1 

NOMINAL DESIGN LIMIT 
RANDOM VIBRATION SPECTRUM 

AXIS: X 

0.03 v 3 ~T' '"'--+"'\0.02 

/ \\ 

TEST: L&B 
TEST ITEM: ALSEP SUiPACKAGi NO.1 
DURATION: 12.5 MIN I I 

'001~s ~11:-0 ~20~-+-50 ~100 --J.,.,-200 ~500~1000~2000~5000 
FREQUENCY· Hz 

NOMINAL DESIGN LIMIT RANDOM 
VIBRATION SPECTRUM 

s 10 20 50 100 200 50(1 1000 2000 5000 

7759-5890 

7759-5891 
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NOMINAL DESIGN LIMIT 
RANDOM VIBRATION SPECTRUM 

0.01 

TEST: L & B 

TEST ITEM: ALSEP SUBPACKAGE 1 & 2 

AXIS: Y 
DURATION: 2.5 MIN 

NOMINAL DESIGN LIMIT RANDOM 
VIBRATION SPECTRUM 

0.01 

TEST: L&B 

TEST ITEM: ALSEP SUBPACKAGE 1 & 2 
AXIS: Z 
DURATION: 2.5 MIN. 

9~ 
OCT 

7759·5892 

7759-5893 
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NOMINAL DESIGN LIMIT RANDOM 
VIBRATION SPECTRUM 

0.005 

G RMS ~ 3.2 

TEST: LUN. DES. 

TEST ITEM: ALSEP SUBPACKAGE 1 & 2 
ALSEP·ACA AXIS: X, Y. Z 
DURATION: 12.5 MIN 

100 200 1000 2000 
FREQUENCY-HZ 

7759-5894 
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LOCATION OF ALSEP WITHIN THE LM 

' : '1 

~~.~ ' --n' : l ~- FUEL c~SK \. 
).QCATIO~', 

1\.LSEP SUBPACKAGF-5 
7759-5908 

SUMMARY OF SYSTEMS REQUIRING THERMAL 
CONTROL ON ALSEP AND EASEP 

1. CENTRAL STATION (C/S) 

2. EXPERIMENTS 
A. PASSIVE SEISMIC (PSE) 
a: ACTIVE SEISMIC (ASE) 
C. MAGNETOMETER (ME) 
D. SOLAR WIND (SWE) 
E. SUPRA THERMAL ION DETECTOR {SIDE) 
F. HEAT FLOW !HFE) 
G. CHARGED PARTICLE (CPLEE) 
H. COLO CATHODE GAUGE (CCGE) 

3, RADIOISOTOPE THERMOELECTRIC GENERATOR (RTG) 

4. GRAPHITE LM FUEl CASK {GLFC) 

5. CREW 
A. CASK DOME TOOL (DATI 
B. FUEL TRANSFER TOOL (FTATJ 
C. UNIVERSAL HANDLING TOOL (UHT) 

6, LUNAR HAND TOOLS (ALHT) 

7, ANTENNA 

B. SUBPACKAGE 2 

9, PASSIVE SEISMIC EXPERIMENT PACKAGE (PSEP) 

10, LASER RANGING AETRO·REFLECTOR (LARA) 

7759-5917 

;t;-J 



CENTRAL STATION. THERMAL CONTROL 
----~ -- ... --""·-- ··-·- - ~- - ----~ ---- -- -- -·-- ·-

REQUIREMENTS AND CONSTRAINTS 
THERMAL 

DEPLOYMENT 

• PASSIVE THERMAL CONTROL 

• TEMPERATURE LIMITS 

..E!ll2!.. COMPONENT 

OPERATING 0° TO 12&°F 

NON-OPERATING 

. OUST 14 • 11 ON ALL HORIZONTAL SURFACES EXPOSED TO SOLAR RADIATION 

• LM ASCENT STAGE PLUME HEATING 12 BTU/FT21 

• MINIMUM CREW DEPLOYMENT TASKS 

• DEPLOYMENT DISTANCE > 300 FEET 

. EAST· WEST ALIGNMENT· ±.6 DEGREES 

• VERTICAL ALIGNMENT· ±.6 DEGREES 

• LOCAL SLOPES :!:6 DEGREES 

• LATITUDE 
7759-5902 

±.46 DEGREES 

LUNAR ENVIRONMENTS 
LUNAR SURFACE TEMPERATURE 

SPACE TEMPERATURE 

INCIDENT SOLAR ENERGY 

LUNAR ALBEDO (AVERAGE) 

LUNAR SURFACE EMITTANCE (AVERAGE) 

LUNAR SURFACE THERMOPHYSICAL PROPERTIES: 

THERMAL CONDUCTIVITY 

(CAL/SEC-CM-C) 

SPECIFIC HEAT 
(CAL/gm°C) 

DENSITY (gm/cm3) 

THERMAL INERTIA 

(kgc)'% 

130 WATTS/FT2 

.07 

.93 

DUST 

.2 

.9 

750 

ROCK 

2.2 X 10'3 

.2 

2.6 

30 

7759-5903 

/()-~ 



VARIATION OF LUNAR SURFACE TEMPERATURE 
AT LUNAR EQUATOR 

200 

100 

0 
!! 

~ -100 

! -200 

-300 

Noon 

DURING A COMPLETE LUNATION 
5 

120 150 180 

Sun sat 

Time Period (Days) 
10 15 

210 240 

Sun Angle 

270 300 
( (J ) (Dagraao) 

Midnight 

20 25 

330 360 30 

Sunrise 

60 90 

Noon 

INITIAL ALSEP CENTRAL STAT ION 
THERMAL CONTROL CONCEPTS 

Concept 

-----

Direct Horizontal 
Rndiator 

Oire~..:t Vorticnl 
Rud1ntor (Ructiotor 
fut:vs Lunm Pula) 

Design Schematic 

f
Eioctronics 

Structure_ _ Thormnl 
Rndintor 

ln111lntiun 

--ltuluton 

lhennal Plutu 
Tf!!!!E U~o-°F 
SOTurAhso~~ 

r----'-;'•r-----1 
Comments 

Nomi11al _Dey~~~~~ 1--·-----------l 

0 to 120 0 to 290 

0 to 195 0 to 195 

Excellent design if no dust, 
but strongly uffected by 
dust. Straightforward design. 
No alignment requirements. 

Possibly unaffected by dust. 
Can be seriously degraded 
by misnhgnment. Lunar day 
tfJmpctrnttiFOI RJCC811iYR. 

7759-5904 

I0-3 



INITIAL ALSEP CENTRAL STATION 
THERMAL CONTROL CONCEPTS (CONT') 

CONCEPT 

Direct Horizontal 
Radiator with 
louven 

Horizontal Radiator 
with A Frame 
Sunsltietd 

DESIGN SCHEMATIC 

THERMAL PLATE 
TEMP RANGE - 0 f 

SOLAR ABSORPTANCE 
QJS 

COMMENTS 

NOMINAL OEGRAOEO 

Thermal 
.-'innri!9FP11i= ... .o- Isolator 

Supports 

Gives best temperature range. 
No alignment requiremenu. 

50 to 115 50 to 285 Adversely offectad by dust. 
Active thermal control. 

Unaffected by dust. Requires 
alignment. lunar day temper­

O to 160 0 to 160 oturas axcaniva. 

INITIAL ALSEP CENTRAL STAT ION 
THERMAL CONTROL CONCEPTS (CONT') 

THERMAL PLATE 
TEMP RANGE 0 f 

CONCEPT DESIGN SCHEMATIC SOLAR ABSORPTANCE COMMENTS 

NOMINAL OEGRAOEO 

~~ Vertical Aurtiator 
Structure - Thermul Unuffacted by dust. Requires 

Insulation Rudiutor 0 tu 190 0 tu190 ulignmont. Lunur day temper· 
with A Frume uturos exceuiva. 
Suruhiald 

1 
-Electronics 

lso aton 
·--- -------- ---·-· . ----- ····--- --- --t------

_LSunshinld 

.---
\ :(\" / Hm11untnl Rndlntor ' ' Snlectnd concept. Unaffected ' .' 1r Thnrm11l 

with Sunahittld ctnd 
' // fl1ttllutm 0 1U 12b 0 tu 126 hy dust. RoquirlttHUgnmant. 

lletlltK;lUf Ehn:1r1mlcs ' ' Utttt tpocular rellnctor. 
'' 

~[ry~]]~hulntun 
lntuh1Uon 'Sirucluro 

/()-'! 



Side 
Curtain 

PRIMARY COMPONENTS OF DATA SUBSYSTEM 
THERMAL COtftRO( SYSTEM 

Com~-----­
Receiver Thermal , 

Plate 

7759-5913 

THERMAL PLATE TEMPERATURE AS A FUNCTION OF INSULATION 
MASK WIDTH AND INTERNAL ELECTRONICS POWER DISSIPATION 

140 • ~ • ) 6 7759-5911 
lnt~lllltllltl M•• Wklth hwmtt 

/0-5 



EFFECT OF SUNSHIELD HEIGHT 
ON THERMAL PLATE TEMPERATURE 

lW~----------------~~~~~K=~~H~~.----0 

Luner Noon 

I 
I 
I 

_ _j ___________ .r~:: 

It 

j 
I 

J 

I 
,. --···l --·- +--1-- .+-1 .. _ 

71 11 » ~ ~ ~ '' 7769·6912 
Rluntu11ld Httlvhl lnllhll' 

KEY DESIGN FEATURES OF ALSEP 
CENTRAL STATION 

1. THERMAL PLATE-· RADIATES ALL INTERNAL 
ELECTRONICS DISSIPATION TO SPACE 

2. MULTILAYER INSULATION BAG- PROVIDES 
MAJOR RADIATIVE AND CONDUCTIVE ISOLATION 
FROM LUNAR THERMAL ENVIRONMENTS 

3. SUNSHIELD- PREVENTS DIRECT SOLAR HEATING 
AND OUST DEGRADATION OF THERMAL PLATE 

4. SPECULAR REFLECTOR- MINIMIZES THERMAL 
RADIATIVE ENERGY INTERCHANGE BETWEEN 
THERMAL PLATE AND MOON VIA THE SUNSHIELO 

5. THERMAL PLATE ISOLATORS- PROVIDE THERMAL 
PLATE ISOLATION FROM LUNAR SURFACE THROUGH 
PRIMARY STRUCTURE AFTER DEPLOYMENT 

6. MANOANIN CABLE INSERTS- REDUCE CONDUCTION 
HEAT LEAK VIA ELECTRICAL CABLES TO CENTRAL 
STATION 

7769·6900 



KEY DESIGN FEATURES OF ALSEP 
CENTRAL ·-stATION (CONf-'r 

SVSTEM FEATURE 

7. PR.IMARY STRUCTURE -SUPPORT STRUCTURE FOR 
SUBPACKAGE 1. PROVIDES INITIAL ISOLATION FROM 
LUNAR SURFACE 

8. THERMAL PLATE INSULATION MASK -CENTERS 
THERMAL PLATE TEMPERATURE SWING BETWEEN 
0 ANO 126°F AND MINIMIZES SOLAR HEATING ON 
THERMAL PLATE 

9. SUNSHIELD EXTENDERS- PROVIDE 28" SEPARATION 
DISTANCE BETWEEN SUNSHIELD AND THERMAL PLATE 

10. POWER DISSIPATION MODULE (pDM)- DISSIPATES 
EXCESS RTG ELECTRICAL POWER NOT UTILIZED 
BY ALSEP 

11. MULTILAYER SIDE CURTAINS- PREVENT DIRECT 
SOLAR ENERGY ON THERMAL PLATE 

7769-5901 

I 
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COMPARISON OF EASEP AND ALSEP 
THERMAL CONTROL SYSTEMS 

. . . . . . . 

. . 

. . 

. 

. 

. . 

~ ALSEP 

TEMP SPECIFICATION -65° TO 140°F 0° TO 125°F 
TYPE DESIGN DIRECT INDIRECT 
PASSIVE YES YES 
SUNSHIELD NO YES 
SPECULAR REFLECTOR 

& SIDE CURT A INS NO YES 
ISOTOPE HEATERS YES NO 
THERMAL COATINGS MIRRORS S-13G WHITE PAINT 
THERMAL DISSIPATION 

DAY 63W 38W 
NIGHT 30W 38W 

RADIATOR AREA 2.2 FT2 2.1 FT2 
STRUCTURE ISOLATION CLEVIS ACTUATION 

BOLTS SPRINGS 
POM DUMP COMMANDS 5, 10& 15W 7,14&21W 
HEATERS 

THERMOSTAT NONE 10W 
COMMANDABLE NONE 5& lOW 

ALIGNMENT 
HORIZONTAL .±.50 .±.50 
EAST -WEST 

±50 .±.50 

DEBRIS, DUST, ENGINE NONE PARTIAL 
CONTAMINATION PROTECTION 

PLUME PROTECTOR YES NO 
DEPLOYMENT DISTANCE 70 TO 100FT >300fT 

SUMMARY OF ALSEP AND 
EASEP THERMAL COATINGS 
,--,-----------,-------,--------------

COATING DESCRIPTION PfWPERTIES a;~ 

DURABLE SHORTTFRM 
STABlE WHITE COATING 

~~--.·"·-,"-,----------+---·------4---~::~:~::~::~:~:~:~~~:~~:~,--~ 
FOR ELECTRONICS 
ANOTI-iE11MALSHIELD 

LOW EMITTANCE SURFACE FOR 
THERMAL RADIATION 

7759-5920 

11 S.OOVER ALUMINIZED MYLAR 
ANQI(APTON FILM 

112f.ilo 
15160 7759-5918 

1~-!0 



DESCRIPTION OF ALSEP QUAL AND FLIGHT 
T/V TESTS 

QUALIFICATION (MISSION SIMI 

LUNAR SURFACE TEMP. 
SOLAR SIMULATION 
CRYOWALL TEMP. 
CHAMBER PRESSURE 
CHAMBER TEST DURATION 

ACCEPTANCE 

LUNAR SURFACE TEMP. 
SOLAR SIMULATION 
CRYOWALL TEMP. 
CHAMBER PRESSURE 
CHAMBER TEST DURATION 

LUNAR DAY 

+250°F 
130 WATTS/FT2 

-300°F 
>;10·6 TORR 
15 DAYS 

LUNAR DAY 

+250°F 
130 WATTS/FT2 
-3000F 
> 10·6 TORR 
2.5 DAYS 

LUNAR NIGHT 

-300°F 

-300°F 
>10·6 TORR 
15 DAYS 

LUNAR NIGHT 

-300°F 
> x 10·6 TORR 
2.5 DAYS 

7759-5919 

THERMAL PLATE TEMPERATURES 
FOR SIMULATED LUNAR OPERATION 

TEST 

~-----------

~ 72 CS ~ ~~01~'~11 l(IIP OHR PCU 

ZERO T l ME 000001 
THE.RMRL VRCUUM TEST 

(!) 73 [~ S ARQJAT~fl l[IIP OV[fl XIITA II 

.e. 7~ CS 6 A~OIRTOA l(IIP 0'EA Xlllfl B 

g TL,A~ ilk 

~,-----! ~-~--- ~~-~~-~N r ---- ci.JNAI\ NIG~T- --·-----~ ---. -~,- - ~---~--~~---.------~ 

o. oo ~a. co 96 oo \44. oo 192. co 2'10. oo 2aa. oo 336 oo 36~ 00 ~32 oo ~ao. oo 
ELI=IPSEC T ;'1[ FA(jM OOOCO! CIN Q7/l31G8 Lt10URS' 

/()-// 



h' ' "' c'NH'i '>'llif H'-' f H'f H: Mf ~ T ~' f-'H(KR(.f if L J f,n T 1 Rf'Clll C l <' J TH J RD AL SEP o.-UNAT J ClN 

5lF'I .. i'if i'lRf '"11/ IJ4NI;f!!H I', 19101 AT 0200 GKT 

5UNI'Ii'f r~r cNb 1FtHKL14KT ]5, l'l/01 Al 1600 GHl 

00 00 00 00 
0~1 04) 0~5 0~7 049 

2110 2n2 2/14 2116 vte 

= ~ ~ ~ ~ - - - - -

7759-5909 

PRIMARY COMPONENTS OF CENTRAL STATION 
THERMAL CONTROL SYSTEM 

7759-5921 

j()·/~ 



THERMAL BALANCE ON RADIATOR PLATE OF QUAL SA MISSION 
SIMULATION MODEL IN REAL LUNAR ENVIRONMENT 

Reflected 
j I. 076 
(-1. 7ZB) 

Radiator 
Support 
+0. 030 
(-0. 117) 

+ Into Radiator 
- From Radiator 

All value I are in wath 

Harliatlon To 

Through 
ThtHmal Bag 

t 0. 6H6 
( -0. 654) 

XXX Noon 
(xxx) Night 

Cable• 
I 0. OJ 5 
(-Z. 818) 

7759-5914 
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Bt.Nu;, ~tROSPRCE SY'iTEM::., [J' 

RP.OLL 0 l UNRR SURF RCE:_ !:_ XPE_R l ME_ NT 5 PRC KR[,E 1!- ~ I (,11 T qp D~ ~ ~ 1 ,' 
SLINA!Sl ORTOI7 IJRNLIR"'f :1,1910, Rl 
SLJNR!S( QAY O~G IFfB'l~'ARY IS, i 9701 R' 

jo SX-01 FIHAI!GE-IH[R;;l P-:;,(--;[-;P-E;AlURE __ _ 

i 

T!IIEIG~I~!OOO'~O--;O~O--l000--;/;,-,,~0--!0--0~----i,--,\---t,---+,-,;o----;o-~O-;;;---;;;---::. 
017 019 021 02J 025 

OFITE :/17 
SU~ liNGLE 
IOEGREESI 00 

CENTRAL 
STATION 

PSE 

LSM 

SWE 

SlOE 

7759-5915 

ALSEP FLIGHT 1 
THERMAL PERFORMANCE SUMMARY 

SPECIFICATION LUNAR DAY LUNAR NIGHT DAY TO NIGHT 
TEMP, °F TEMP, °F TEMP, °F SWING, °F COMMENT 

0 TO 125 97 22 75 FOR HEATER OFF NIGHT TEMP 
WAS 0°F. 

107 TO 143 134 75 59 DESIGN CHANGE FOR APOLLO 13 
IF 3) PSE 

-22 TO 144 175 -22 197 DESIGN CHANGE FOR APOLLO 15 
(A-2) LSM 

-13 TO 140 145 1 144 

-22 TO 158 170 12 158 DUST ON RADIATOR PLATE 
MIRRORS DURING CREW 
DEPLOYMENT 

7759-5923 

/cJ-/S 
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CENTRAL STATION 
DATA SUBSYSTEM COMPONENTS 

I 

CENTRAL STATION SENSORS AND HEATERS 

c::JH11tiiJMtN1\ 

Qn!tMMU\IAI 

0 ~:A~ ~HI~:~:~Ntt ~ 
0 ~:A~ ~Hf~~:~L lK 

0 :~~ 11Hfr~~~~~ u 

0 ~~~ ~H~~~~~l ~ 

0 ::A~~~:~~\ It 

tUMMANil 
IIUI!VIM 

f'OWIH 
I'O,.WIIlONING 
UNIT 

& 

PA'I~IVl 

S£1SMOMff'fR 

ltNMINAIIUlAIWNil J 

nse-8ooe 

II· I 



II-.;< 



DATA SUBSYSTEM BLOCK DIAGRAM 

11:3 



ALSEP COMMAND LINK 

* ANTENNA 

* Dl PLEXER 

* COMMAND RECEIVER 

* COMMAND DECODER 

COMMAND LINK CHARACTERISTICS 

7759-6010A 

FUNCTION/PARAMETER ALSEP MSFN 

l. FREQUENCY 2119 ± 0. 001% MHz 2119 MHz 
2. MODULATION PM, ± 3 RADIANS 
3. MODULATING SIGNAL 1KHz SINE WAVE SYNC 

SIGNAL Ll NEARLY AD OED 
TO A 2KHz SUBCARRIER 

4. DATA RATE 1000 bps 
5. IF BANDWIDTH (3 db) 275 ±25KHz 
6. RECEIVER DYNAMIC - 101 TO - 61 dbm 

RANGE 
7. PERMISSIBLE Pe 10-9 

!PROBABILITY OF BIT ERROR) 
8. REQUIRED PRE DETECT ION 

S/N FOR 10-9 BER 
+ 12 db 

9. S/N MARGIN FOR NOMINAL +9. 3 db 
Pe of 10-9 WORST CASE + 3. 7 db 
130' ANTENNA) 7759-60108 

II· 'I 
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COMMAND RECEIVER 
SIMPLIFIED BLOCK DIAGRAM 

r-----------, 
I PART OF POWER DISTRIBUTION 1 
I I 
I ~6VDC I 
I I 
1

1 
t\2VDC I 

- I 

INPUT 
ll\9 MHZ 

\Olio 
dbm 

DI>CRIMINATOR 

COMMAND RECEIVER 

AND COMBINED 
OUTPUT AMP! I & l KH7 
L------'~ IGNAI 

7759-6011 

LOCAL OSCILLATOR BLOCK DIAGRAM 
TO FROM 
MIXER MIXER 

7759-6012 

II-~ 



COMMAND RECEIVER TELEMETRY SUMMARY 

CHANNEL 36 AE-14 

CHANNEL 16 AT-21 

CHANNEL 17 AT-22 

RCVR LOCAL OSC LEVEL 
• DETECTOR CIRCUIT SAMPLES OSCILLATOR 

SIGNAL. DETECTED SIGNAL IS THEN 
AMPLIFIED TO PROPER TM LEVEL 

LOCAL OSC CRYSTAL A TEMP 
• USES THERMISTOR/RESISTOR NETWORK 

POWERED BY 12 VDC. 
• THERMISTOR IS CEMENTED (EPOXY) TO 

CRYSTAL CAN. 

LOCAL OSC CRYSTAL B TEMP 
• USES THERMISTOR/RESISTORNETWORK 

POWERED BY 12 VDC. 
• THERMISTOR IS CEMENTED (EPOXYI TO 

CRYSTAL CAN. 7769-8013A 

COMMAND RECEIVER TELEMETRY SUMMARY 

CHANNEL 9 AB-01 

CHANNEL 21 AE- l3 

CMD DEMOD 1KHz PRESENT 
• SIGNAL IS OBTAI NED FROM 

RECEIVER'S AUDIO OUTPUT. 
• USES 1KHz BANDPASS AMPLIFIER 

AND DIODE DETECTOR. 

RCVR PRE-LIMITING LEVEL 
• DIODES IN FINAL STAGE OF IF 

PROVIDE HARD LIMITING. 
• TM SIGNAL PROVIDED BY THE 

LIMITING DIODE CURRENT. 

7769-60138 

1/·7 



COMMAND RECEIVER SPECIFICATIONS 

• INPUTFREQUENCY 

• INPUT SIGNAL LEVEL 

• NOISE FIGURE 

• LOCAL OSC FREQUENCY 

• I NTERME D I ATE FREQUENCY 

• IF 3db BANDWIDTH 

• IF REJECTION 

• AUDIO OUTPUT SIGNAL 

2119 MHz ±. 0. 001% 

-101dbm to -61dbm 

10db MAX I MUM 

2059 MHz ± 0. 0025%/YR 

60MHz 

250 to 350KHz WITH AN 
INPUT SIGNAL LEVEL OF -100dbm 

60db MINIMUM AT 3. 4 MHZ 

(a) LEVEL- 0.8 VOLT/RADIAN (UP TO±. 3. 0 RADIANS) 
(b) FREQ - 100 Hz TO 5KHz 7759-6014A 

COMMAND RECEIVER SPECIFICATIONS 
(CONY) 

• POWER 
+ 12 VDC AT 55 Ml LLIAMPERES (NOMINAL)- SUPPLIED THROUGH 
A CIRCUIT BREAKER RATED AT 150MILLIAMPERES INOMINAU. 
CIRCUIT IS AUTOMATICALLY GIVEN A RESET COMMAND EVERY 
12 HOURS. 

- 6VDC AT 55 Ml LLIAMPERES INOMINAU- SYSTEM PROTECTION 
PROVIDED BY SERIES RESISTOR. 

• CONNECTORS- RF- COAXIAL OSM 210-2 
- OTHER - HUGHES WST0014M20BNHOO 

7759-60148 

/1-3 
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COMMAND DECODER SIMPLIFIED BLOCK DIAGRAM 

DATA 
PROCESSOR 

I 
DECODER A I ______ J 

I 
DECODER B I 

{
COMMANDS 

1---- TO USERS 

{ 
7 COMMANDS 

,...--- TO EXPER 

{ 
PDU - TURN ON 

CENTRAL} 12 HR & DELAYED EX PER 114 

~~~~!~ON lMIN COMMAND 12HR {PDU 
··~ ....._s_EO_UE_N_CE_R _, REPETI T1 VE RCVR RESET 

7769-6015 

COMMAND DECODER 

"CONTAINS A DEMODULATOR 

- TO GENERATE AN NRZ-C BIT STREAM FROM THE 
PHASE MODULATED COMPOSITE 1& 2 KHzAUDIO 
INPUT. 

- WHICH DETECTS "THRESHOLD" TO START DECODER 
''SEARCH MODE". 

- TO GENERATE 1,2 AND 4KHz TIMING CLOCKS 
WHICH ARE SYNCHRONIZED WITH THE 1KHz SYNC 
SUBCARRIER RECEIVED FROM THE MSFN. 

" ACCEPTS COMMAND SIGNALS FROM THE MSFN NETWORK AND 
PROVIDES UP TO 100 UNIQUE COMMANDS TO USERS. 

7759·6016A 

II-/~ 



-··· . --· ~--- . --- --····-· ---

COMMAND DECODER ( CONT) 

• A COMMAND FROM THE MSFN CONSISTS OF A 2KHz SUBCARRIER 
PHASE MODULATED WITH A 1KHz SUBCARRIER TO PRODUCE 61 
SERIAL BITS WITH THE FOLLOWING FORMAT. 

lzo B 1 TS I 1 B 1 Ts I 1 B 1 TS I 1 B 1 Ts I 20 B 1 TS 

CD 0CD CD® 
1. - PREAMBLE - ALL ONES OR ALL ZEROS 
2. - ADDRESS I NO IV I DUAL ALSEP (A or B DECODER) 
3. -COMMAND COMPLEMENT 
4. -COMMAND 
5. -TIMING (EXECUTION)- ALL ONES OR ALL ZEROS 

7769-60168 

COMMAND DECODER 
ADDRESSING 

• THE SEVEN ADDRESS BITS ARE USED TO UNIQUElY COMMAND 
FOUR SEPARATE AlSEPs DEPlOYED ON THE lUNAR SURFACE. 

• EACH COMMAND DECODER HAS AN "A" SECTION AND A RE­
DUNDANT "B" SECTION. EITHER MAY BE SElECTED TO PROCESS 
A COMMAND BY TRANSMITTING THE PROPER ADDRESS CODE. 

• CODES 

AlSEP ADDRESS NO. CODE COMMAND DECODER 
(OCT AU PATTERN NUMBER 

130 1011000 lA 
30 0011000 lB 

116 lOOlllO 2A 
16 ooomo 2B 

151 1101001 3A 
51 0101001 3B 

4 25 0010101 4A 
65 0110101 48 

7769-6017 
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SIGNAL INPUT 
FROM CMD RCVR 

COMMAND DEMODULATOR 

NRZ-C DATA 

THRESHOLD 
1KHz CLOCK 

7759-6018 

/ 

COMMAND DECODER SECTION 
BLOCK DIAGRAM-DIGITAL 

r-
1 
I 
I 
I 
L_ 

NIU { OAIA 

!'I VOl 

111~1\IHllll 

ITiiirJllfll.· 
\1\.Htl!Olt.­
.'II.Ht non;,-
4t..lltnorK-

( OMMAND\ TO l/\f~\ I (OMMAND'o lllfiAYIOl 

7759-6019 
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FUNCTIONAL FLOW CHART COMM-AND- DECODER 

COMMAND DECODER DELAYED 
COMMAND SEQUENCER 

771?9-6020 

* PROVIDES A BACKUP FEATURE FOR LOCAL GENERATION OF COMMANDS 
IN CASE THE COMMAND LINK CANNOT BE ESTABLISHED 

" GENERATES 7 ONE-TIME COMMANDS AFTER A DELAY OF 96 (PLUS) HOURS FROM 
START OF "PET'' (WHERE ''PET'' STARTS AT THE TIME THE ASTRONAUT MATES THE 
RTG WITH THE CENTRAL STATION BY INSERTING P22 INTO J22) 

• COMMANDS ARE IDENTICAL TO THOSE GENERATED IN RESPONSE TO SIGNALS 
FROM THE MSFN AND ARE OR'ED IN THE COMMAND LINE DRIVER. 

7769-6021A 

11-13 
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COMMAND DECODER DELAYED 
COMMAND SEQUENCER (CONY) 

" DELAYED (ONE-TIME) COMMANDS ARE IDENTIFIED AS FOLLOWS: 
TIME OF COMMAND 

FUNCTION EXECUTION NUMBER (OCTAL) 

REMOVE CPLEE DUST COVER 96HRS&2MIN 113 
SET CCI G SEAL BREAK 96 HRS & 2 Ml N 105 
UNCAGE PSE 96HRS&2MIN 073 

EXECUTE CCIS SEAL BREAK 96HRS&3MIN 110 

SWS DUST COVER REMOVAL 96 HRS & 4 MIN 122 
SETS I DE DUST COVER 96HRS&4MIN 107 

EXECUTE Sl DE DUST COVER 96HRS&5MIN 110 
REMOVAL 

7769-60218 

DELAYED COMMAND SEQUENCER FUNCTIONAL 
FLOW CHART 

I ACfiVAJr COMMAND 1m 10 
Rl!lW\OlAR WINDOU\1 
toVU 

1ACHVAJf(0MMANDt!07m-J 
HISIO( llOWDU\1 
fOV(R 

llfii'.IONI'UINI 7769-6022 

11-1'1 



COMMAND DECODER POWER RESET 
POWER ON 

)>----..----<~ RESET A 

POWER ON 
P------<>RESET B 

FEATURES 

DETECTS INITIAL POWER TURN-ON OR 
MOMENTARY POWER INTERRUPTION TO-

1. SET COMMAND DECODER IN SEARCH MODE 
2. SET COMMAND DECODER IN "TIMER ACCEPr' MODE 
3. START DELAYED COMMAND SEQUENCER 

7769-6023 

COMMAND DECODER-OTHER LOCAL COMMANDS 
THE FOLLOWING REPETITIVE COMMANDS ARE GENERATED WITHIN THE 

COMMAND DECODER: 
1 - PSE CALl BRATE - COMMAND N065 

• OCCURS 12 HOURS AFTER T
0 

AND EVERY 17 HOURS THEREAFTER 

2 - RECEIVER CIRCUIT BREAKER RESET 
• OCCURS 12 HOURS AFTER T

0 
AND EVERY 12 HOURS THEREAFTER 

3 - MAGNETOMETER FLIP-CALIBRATE - COMMAND H 131 
• Fl RST OCCURRENCE IS 108 HOURS PLUS 1 Ml N 

AFTER T
0 

- REPEATS EVERY 12 HOURS THEREAFTER 

4 - RESTORE POWER TO LOW PRIORITY EXPERIMENT - CMD #052 
• FIRST OCCURRENCE IS 108 HOURS AND 7 MINUTES AFTER T0 

AND EVERY 12 HOURS THEREAFTER 
., ALl. ABOVE COMMANDS MAY BE INHIBITED BY TRANSMITTING COMMAND N033 

- COMMAND H03l1S CONSIDFRED CRITICAL! SHOUlD THE COMMAND 
LINK BE LOST FOLLOWING TllANSMISSION 01 CMD H033, THEN ALL 
LOCALLY GENERATED COMMANDS WOUlD BE lOST 

7759-6024 



COMMAND DECODER INTERFACE CIRCUIT 
lONE EACH FOR 100 COMMANDS) 
Vee 

4. 5-5.5 VDC 

4 o--~-l-T----J 
5 
6 
3 

Ll NE DRIVER 
FAIRCHILD LPDT pl 9042 

USER 

COMMAND PULSE 
20 +2M SEC 

4. 0 <: 1~ 5 1 -J 90% INACTIVE STATE 

0 2 + 2----=--- -10% ACTIVE STATE 

DRIVER SPECIFICATION 

SOURCE I s 45p AMP 
!INACTIVE STATEI 

· -· -H--t -----1~' 
t • lOp SEC IMAX l 

51 NK I :S 750p AMP 
!ACTIVE STATEI 

7759-6025 

COMMAND DECODER TELEMETRY SUMMARY 

"' COMMAND VERIFICATION (CV) WORD 

- LOCATED IN WORD 46 OF TELEMETRY FORMAT FOR FLIGHT SYSTEMS 
I & 2 AND IN WORD 5 FOR FLIGHT SYSTEMS 3 & 4 

- CONSISTS OF 2 ZEROS, THE RECEIVED COMMAND AND A PARITY BIT 
- EXAMPLE OF CV WORD RECEIVED AT THE MSFN 

I~ I, 0 I 0 II II II II I 0 ,L:l } ONCE FOR EACH 

FILLER COMMAND PARITY CMD TRANSMITTED 

BITS (OCTAL 36) 

- PARITY" ONE" VERIFIES BIT BY BIT CHECK OF COMMAND WITH 
COMPLEMENT. 

- THE SEVEN COMMAND BITS IDENTIFY THE BINARY CODE DETECTED BY 
THE COMMAND DECODER. 7759-6026 
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COMMAND DECODER TELEMETRY SUMMARY 

CHANNEL 48 AT- 31 COMMAND DECODER BASE TEMP 
•SIGNAL OBTAINED FROM THERMISTOR 
LOCATED NEAR CENTER OF BASE PLATE 

CHANNEL 49 AT- 32 COMMAND DECODER INTERNAL TEMP 
*THERMISTOR LOCATED ON "PULSE 
SHAPER" PRINTED CIRCUIT BOARD 

CHANNEL 61 AT-33 COMMAND DEMODULATOR, VCO TEMP 
*THERMISTOR LOCATED ON DEMODULATOR 
PRINTED Cl RCUIT BOARD 

CIRCUITS - TEMPERATURE SENSING CIRCUITS ARE ARRANGED 
AS FOLLOWS: 

+ 12VDC 30l0u 3010u 

TO MULTIPLEXER 

RETURN 

RT-1 "FENWAL" I SO-CURVE 15K ohm THERMISTOR. 7759-6027 

TELEMETRY READOUT VS. TEMPERATURE 

USED IN THE FOLLOWING 
Ml ASUREMENTS: 

AT-?/ AT-05 
-AT IH AT-06---

Al-?9 AT-07 
AI30Afl4 
AI 31 AT 3'> 
AT-l2 AT-36 
AT-ll AT-37 

tfj AT-03 AT-38 
13 AT-04 AT 39 
~ t')() --'" 

9(1 I?H 160 192 224 250 
DECIMAl _j . .. 1. 

__ __J ___ ___.__ 
140 ?Oil 240 300 340 372 

OCTAl 
7759-6028 



CMD DECODER/TIMER INTERFACE 
POWtR UN Ht::at: I 

1 12 HR STROBE 
2. 1 MIN STROBE 
J. 12 HR REPETITIVE SWITCH 
4. 1 MIN REPETITIVE SWITCH 
IS. 720 !" 30DAY SWITCH (ONE TIME ONlY I 

DELAYED CMD TIME SEQUENCE 

7759-6029 

START 
98 HRS.f 1) 

I 

NOM. 

COMMAND 110 (98 HOURS+ 3 MIN.) 

COMMANDS 107 AND 122 (98 HOURS+ 4 MIN.) 

COMMAND 110 (98 HOURS+ 6 MIN.) 

COMMAND 131 (108 HOURS+ 1 MIN.) REPETITIVE 

COMMAND 062 (108 HOURS+ 7 MIN.) REPETITIVE 

NOTES: 
(1) '' 98 HOUR POINT" IS 84 TO 96 HOURS AFTER SYSTEM ACTIVATION 
(2) "SYSTEM ACTIVATION" ON FLIGHT SYSTEM 3 AND FLIGHT SYSTEM 4 
(3) ALL DELAYED COMMANDS WILL BE REPEATED IN 98 HOURS FOLLOWING EACH 

ACTIVATION OF THE POWER RESET CIRCUIT 7759-6030 

11-!3 



COMMAND DECODER 
OPERATING MODE SEQUENCE 

MODE STARTEOBY: TERMINATED BY: 

1. ADDRESS SEARCH DECODER RESET ADDRESS RECOGNITION; 
!THRESHOLD TRUE) STARTS THE COUNTER 

FROM COUNT OF 29 

2. COMMAND WORD ENTRY ADDRESS RECOGNITION COUNT OF 43; CLEARS 
PARITY SAMPLE, 
TERMINATING THE 
UPLINK SHIFTING 

3. COMMAND EXECUTION COUNT OF 43 COUNT OF 63; SETS 
COMMAND VERIFICATION 
ENABLE FLIPofLOP 

1. DATA END RESET, 
4. CV WORD READOUT COUNTOF63 OR 

2. COUNT OF 2047, 
DEMAND OVERRIDE 

MAIN CONTROL FUNCTIONS 
.SHIFT REGISTER CLOCK WAVEFORM CONTROL 
• DECODER RESET 
• NOTE THAT THE PROGRAMMER COUNTER IS STARTED BY ADDRESS RECOGNITION 

7759-6077 

DECODER CONTROLLER SIMPLIFIED 
BLOCK DIAGRAM 

SET83 

PRESET 21 

---..li.J:K~HI:.'Jdolllt.IL---~ TIMING 
---.:.:.:O:.:::.o:&:""'._ __ -f CONTROL 

OATE TIMI 

RESET TO 
ADOMEM 
F/F 

7759-6078 
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"CV 177 ANOMALY" MECHANISM 

- IS DUE TODATA END RESET BEING PREVENTED FROM RESETTING THE 
RESET CONTROL FLIP-FLOP 

1. DATA END RESET IS A SHORT PULSE 

2. RESET CONTROL FLIP·FLOP IS AN R-S FLIP FLOP TRIGGERED BY "LOWS" 

3. RESET CONTROL FLIP-FLOP SET INPUT IS THE SHIFT TIMING SIGNAL 
WITH THE FOLLOWING WAVEFORM: 

-HIGH 

~1 MILLISEC~ l..--1/8 MILLISEC 

-LOW 

7759-6079 

"CV 177 ANOMALY" MECHANISM (CONT') 

4. WHEN THE SET INPUT IS LOW, THE RESET OUTPUT OF THE FLIP·FLOP 
CANNOT BE DRIVEN LOW, I.E., TO ITS "ACTIVE" LEVEL. 

5. DUE TO THE ASYNCHRONISM BETWEEN THE UPLINK AND DOWNLINK, 
THE SHORT DATA END RESET PULSE WILL COINCIDE WITH A SET 
PULSE 1 IN 8 TIMES (AVERAGEI. 

6. COINCIDENCE RESULTS IN A SECOND CV WORD CONTAINING THE 
UPLINK TRAILER AS DATA, I.E., ALL "1'S". 

7. FINALLY, THE DECODER IS RESET BY THE NEXT DATA END RESET 
OR BY DEMAND OVERRIDE. 

7759-6080 

:.. 
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CENTRAL STATION TIMER 
• THE CST IS AN ACCUTRON MECHANISM OBTAINED FROM THE BULOVA 

WATCH CO. 

• A TUNING FORK IS USED TO ACCURATELY CONTROL SWITCH CLOSURE 
TIME 

• SIZE: 1. 32 x 1. 32 x 2. 63 INCHES 

• WEIGHT: 0. 265 POUNDS 

• POWER IS PROVIDED BY A SEPARATE BATIERY 

• TWO MODES OF OPERATION ARE PROVIDED-

"STOP MODE"- POWER IS APPLIED AND FORK IS OSCILLATING 
AT LOW LEVEL- ROTARY MOTION IS NOT PRODUCED. MAXIMUM 
CURRENT IS 7 MICROAMPERES. THIS MODE IS USED FROM FINAL 
TEST UNTIL DEPLOYMENT ON THE LUNAR SURFACE 

"START MODE"- ADDITIONAL POWER IS APPLIED FOR INCREASED 
AMPLITUDE OF FORK OSCILLATION. ROTARY MOTION IS PRODUCED 
TO DRIVE THE SWITCH MECHANISM. MAXIMUM CURRENT IS 12 
MICROAMPERES 7759-6032 

CENTRAL STA TIMER MECHANISM 
I MIN ~W ACTION PROIJUCI 0 

OUTS IDf 
CENTRAL 
STATION 

I BY s lNG II Sl GMENT COMMUTATOR 

L65 EQUIV SW 
CLOSED FOR 

+-+-"""""'"...--,:~~~~I ::::,~!:l~S~ -INSUI~li~ON ~~ 
lob \ I I i 'TERM I WIRF BRUSH 500 !200 MS 

·RrMovABLI! : l ~iloRnN' 1 -- -------

JUMPER I ffiRK rcoob I 
17 HR SWITCH IS PRODUCED 
SNAP ACTION MECHANISM 

----<> '-----o-- S PST 

ACCUTRON 
MOVEMENT 

CONVERT TO 
ROTARY MOTION & 
DRIVE SWITCH 
MECHANISM 

,--------
720 !30 DAY SWITCH 

• JUMP! R IS Rl MOVE 0 AND 360 Hz SIGNAL 
A!'!'LII 0 TO START FORK. 

I 
I 
I 7759-6033 

;;-,;~ 



CENT STA TIMER BATTERY 

• CONSISTS OF A P.R. MALLORY ZINC-MERCURIC-OXIDE, TYPE RMCClW 
CELL, IN A SPECIAL PACKAGE FOR ALSEP. BASIC CELL IS CALLED 
"PACER" 

• INITIAL TERMINAL VOLTAGE IS l. 5 VOLTS MAXIMUM 

• MINIMUM CELL CAPAC lTV IS 750 MILLIAMPERE HOURS 

• CELL CAPAC lTV IS DERATED TO 375 MILLIAMPERE HOURS FOR ALSEP 

• CELL CAPAC lTV IS GUARANTEED AFTER STORAGE (OPEN CIRCUIT) FOR UP 
TO 2 YEARS 

• OPERATING TEMPERATURE IS -27 to +162°F 

7769-6034 

TIMER PROBLEM/TEST SUMMARY 

BASED ON A DETAILED ANALYSIS OF TEST DATA AND CONFERENCES 
BETWEEN BENDIX/BULOVA- ENGINEERING/RELIABILITY/MATERIALS 
GROUPS, NASA/MSC PERSONNEL, CHEMISTS AT GSFC, CHEMISTS AND 
METALLURGISTS AT MAL/KSC, BALL BROS. HARD VACUUM LUBRICATION 
SPECIALISTS, APPLICATIONS ENGINEERS AT DOW CORNING, DR. F. J. CLAUSS 
AT LMSC, MR. ROBERT TROMBLEY AT THE NEY CO., AND DR. P. WALDRON 
AT LINCOLN LABS, IT WAS DECIDED TO MODIFY THE ALSEP TIMERS AS 
FOLLOWS: 

7759-6071 
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TIMER PROBLEM/TEST SUMMARY MODIFICATIONS 
(CONT) 

e REPLACE BERYLLIUM/COPPER WHEELS WITH PALINEY 7 WHEELS 
TO IMPROVE WEAR CHARACTERISTICS 

e LUBRICATE ALL JEWELS WITH KRYTOX; ELIMINATE LUBRICATION 
ON WHEEL SPOKES TO PREVENT WHEEL TACKINESS 

e REPLACE NEOPRENE SEALS WITH VITON SEALS TO ELIMINATE 
SULPHUR 

e USE ELECTRON MICROSCOPE TO PERFORM PRE-ASSEMBLY 
INSPECTION OF EACH WHEEL TO ASSURE THAT ALL TEETH 
ARE ACCURATELY FORMED DURING MFG/CUTTING 
OPERATION 

e PERFORM POST-ASSEMBLY INSPECTION OF JEWEL ALIGNMENT 
ON WHEEL TEETH TO PREVENT MISALIGNMENT AND POSSIBLE 
WEAR ACCELERATION DUE TO CHISELING. USE 216X MICROSCOPE 

7769-6072 

TIMER PROBLEM/TEST SUMMARY RESULTS 
(CONT) 

TWO TIMERS, MODIFIED AS ABOVE, WERE SUBJECTED TO 
TIV TESTS. THE TEST CONSISTED OF 36 TEMPERATURE 
CYCLES FROM -10 TO +150°F AT 10-5 TORR OR BETTER. 
FOLLOWING THE TEST EXAMINATION AT KSC WITH A 
SEM, THERE WAS NO DEGRADATION OF TEETH AND NO 
EVIDENCE OF DEBRIS. BASED ON THIS ANALYSIS THE 
TIMERS WERE JUDGED TO BE SATISFACTORY FOR FLIGHT. 

7759-6073 



TIMER PROBLEM/TEST SUMMARY 

DATE/SN TEST LUB SYMPTOM/PROBLEM 

6/87 VAC MOEBIUS SEIZURE OF MINUTE SWITCH COMMUTATOR 
J93706 AMBT OIL IN AND BRUSH 

JEWEL 

PROBLEM/ 
-~CI!V~ru!H 

COMMUTATOR COATED WITH EPON82J SMAll SEGMENT LEFT BARE TO PROVIDE SWITCH FUNCTION. ADDED SINTEREO 
NYLON CHIP IMPREGNATED WITH OC704 SiliCON OIL ADJACENT TO BRUSH CONTACT FOR VAPOR LUBRICATION. 

7/67 VAC MOEBIUS AFTER 3622 HOURS IN VACUUM, COULD NOT 
J93705 AMBT OIL IN REPEATEDLY SWITCH OPERATING MODES 

JEWEL 

PROBLEM/ 
~Qflfl~~TIV~ ACTION 

MOEBIUS, WHICH HAD VAPORIZED LEAVING GUMMY SUBSTANCE IN JEWELS, WAS REPLACED WITH OCFS1286 FLUROBILICONE 
OIL FS1281 GREASE ADDED TO SPOKE OF INDEX WHEEL 

7759-6074 

TIMER PROBLEM/TEST SUMMARY 

DATE/SN TEST LUB SYMPTOM/PROBLEM 

6/88 T/V FS1286 TACKY WHEEL AND JEWELS. DEBRIS ON PANEL JEWEL AND 
J93706 ·20 TO + 150°F AND TEETH AFTER 38 TIV CYCLES. SLOW OPERATION AT -20°F, 

FS1281 

PROBLEM 
CORRECTIVE ACTION 

FS1281, WHICH HAD MIGRATED ONTO TEETH, WAS REMOVED FROM WHEEl SPOKE. 

9/68 T/V FS1285 SLOW ON lht DAY (·10°F). 
J93706 36 DAYS Oil IN STOPPED ON 32nd DAY (·10°FI. 

TO to~ 160°F JEWEl 

PROBlEM/ 
CORRECTIVE ACTION 

ACX~UMllLATION OF OAUK SUBSTANCE ON THTH IMPAIRED INOE)(INU. FS12(1~ OIL REPLACED WITH FS1281 OR EASE WITH DCI519 
HARRIER COATING TO PREVENT MIGRATION OF lUBRICANT. WHEEL MATf.RIAl CHANGED FROM B•Cu TO PALIMEY 7 WITHOUT LUB. 

7759-6075 
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TIMER PROBLEM/TEST SUMMARY 

OATE/SN TEST LUB SYMPTOMJPROBLEM 

9/88 T/V FS12861N STOPPED THREE TIMES DURING TEST· All AT LOW TEMP. 
£44048 38 DAYS JEWEL LIMIT. 

-10 to +160°F FS1281 on 
SI'OKE 

PROBLEM/ 
CORRECTIVE ACTION 

ANALYSIS AT MAL/KSC REVEALED TEETH COATED WITH DEBRIS. ELECTRON MICROPROBE REVEALED THAT DEBRIS CONSISTED 
PRIMARIL V OF SILICONE AND SULPHUR WITH BASE MATERIALS. 

12/88 TIV .CONVELEX-10 VARIOUS FAILURES· COMBINATION OF PALIMEV 7 WHEEL 
&I MOVEMENTS SIMULATED -FS1281 WITH KRVTOX LUB OPERATE WELL VNDER ALL CONDITIONS 
VARIOUS MATERIALS HERMETIC -KRVTOX WITH ONL V SLIGHT WHEEL WEAR WHICH RESULTED FROM 

SEAL -GPC. BULOVA MISALIGNMENT OF JEWELS ON WHEEL TEETH. 
GREASE 

7759-6076 
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ALSEP TELEMETRY LINK 

* DIGITAL DATA PROCESSOR (DDP) 

* MULTIPLEXER/CONVERTER 

* TRANSMITTERS (TWO) 

* Dl PLEXER/S WITCH 

* ANTENNA 
7759-6035 
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oHHfAL DATA PROCESSOR 
THE DIGITAL DATA PROCESSOR -

• IS THE FOCAl POINT FOR THE COllECTION, FORMAITING 
AND CONTROl OF All TELEMETERED DATA 

• CONTAINS COMMAND SELECTABLE "X" AND "Y" SECTIONS. 
EXCEPT FOR THE FRAME COUNTER AND INTERFACE CIRCUITS, 
THE DDP IS FUllY REDUNDANT 

• HAS 3 MODES OF OPERATION DEFINED AS "NORMAl" U060b/s), 
"SlOW" (530b/sl AND ACTIVE SEISMIC 110,600b/sl 

• USES A CRYSTAl OSCillATOR TO DERIVE All TIMING AND 
CONTROl SIGNALS 

• COllECTS DATA INTO A 64 WORD FRAME REPEATING EACH 
604 Mllll SECONDS. EACH WORD CONSISTS OF 10 Bl TS 
OR ABOUT 9. 43 Mllll SECONDS (NORMAl MODEl 

• PROCESSES COllECTED DATA INTO THE REQUIRED TELEMETRY 
FORMAT IS SERIAl FORM. EACH DATA SOURCE IS SAMPLED 
AT lEAST ONCE PER FRAME 7i6e:6o37 

DATA PROCESSOR 
SIMPLIFIED BLOCK DIAGRAM 

!n)(MIM"A" 

IIIMANil\ II) 
lll~fiiiMHm 
(,(JJtiMUL\HlNAi\ 
IOU\! II\ 
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GENERATION OF BASIC CLOCKS 

I - -COMMANDS - -

I ~'}-8 
I +B 
~~~ 

I 
I 
I 
I 
I ~------------~~+8 

"X" SECTION 

1- -;EDUNDANT '~SECTION-L __ - --
A - NORMAL MODE 
B - SLOW MODE 

DIGITAL DATA PROCESSOR 
CONTROL WORD GENERATOR 

- GENERATES THE 22-BIT SYNCHRONIZATION CODE 

- PROVIDES MODE, FRAME AND ALSEP ID IN 
THE LAST 8 BITS OF THE 30-BIT SYNCH WORD 

SPLIT PHASE MODULATOR 

- ENCODES DATA INTO INTO A "SPLIT PHASE" SIGNAL 

- PCM "0" IS REPRESENTED BY "01" AND CAUSES A 
POSITIVE PHASE TRANSITION 

- PCM "1" IS REPRESENTED BY A "10" AND CAUSES 
NEGATIVE PHASE TRANSITION 

FRAME COUNTER 

- IS NOT REDUNDANT 

- CONTAINS A COUNTER WHICH IS ADVANCED ONE 
STEP PER 64 WORD FRAME 

- IS RESET BY A 90TH FRAME "END OF FRAME" SIGNAL 
FROM THE MULTIPLEXER/CONVERTER 

----, 
1060 BPS I 

OR I 
530 BPS I 

I 
I 
I 
I 

10600 BPS I 
--~ 

___ _j 

7759-6039 
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DIGITAL DATA PROCESSOR 

MUL TIFORMAT COMMUTATOR 

USES 2 DIVIDE BY 8 COUNTERS WITH GATING FOR ANY ONE OF 64 
CONSECUTIVE PERIODS (WORDS). 

PRODUCES SIGNALS OF ONE WORD LENGTH AND MULTIPLES OF 
ONE WORD LENGTH TO SELECT AND GATE DATA INTO A 
MODULATOR 

CONTAINS A "PATCH PLANE'' FOR FLEXIBLE WORD ASSIGNMENTS 

DEMAND REGISTER 

- ACTS AS A BUFFER BETWEEN THE DEMAND DECODER ASSEMBLY 
AND THE DEMAND LINES TO ELIMINATE GATING TRANSIENTS 

ACTS AS A MASTER SWITCH TO INHIBIT ALL DEMANDS DURING 
ASE MODE 

7759-6041-A 

DIGITAL DATA PROCESSOR (CONT') 

DIGITAL MULTIPLEXER 

CONTAINS A 10-BIT SHIFT REGISTER TO ACCEPT 8 PARALLEL BITS 
FROM THE A/D CONVERTER OR 8 SERIAL BITS FROM THE 

COMMAND DECODER. 

SHIFTS OUT 10-BIT WORDS WITH "ZEROS" IN THE TWO MOST 

SIGNIFICANT FIGURES. BITS ARE SHIFTED HIGH ORDER FIRST. 

7759-6041-B 
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1, ?, l, 4x 

10 X 11 ~ p1 X 

llo 18 X 119 0 F0 x 

!25~ 26 X 7 ~ !28 X 

IJ3 H 134 X 3S. 36 X 

~ I'" X 143 ~ 144x 

9o fOx 510 52x 

57. 18 X 59~ !60x 

1 2 3 

9 10 11 

X 18 X 
125 26 27 

X X 35 

41 42 43 

!;;< 50 IX 
57 58 59 

FORMAT FLIGHT SYSTEM 

I Of WORDS LEGEJ!.Il. ~>IGNMENTS 

PER FRAME so 6x 7 s Bx 
CONTROL 

19 ~x PASSIVE SEISMIC !SHORT PERIOD! ll~ 14 X 11 1 16 X 

12 PASSIVE SEISMIC ILONG PERIOD SEISMIC) 
PASSIVE SEISMIC ILONG PERIOD TIDAL+ liMP I 

210 22 X 11s 24 X 

9 ~ JO X 311 32 X -0 MAGNfTOMfltR 
SOLAR WIND 

37 0 IJBx 9s ~X I SUPRA THERMAL ION OfltCTORICCGE 
-HF HEAT flOW 

CP CHARGED·PARTIClf r~ ~ 46c1 1471 14Bx 
cv COMMAND VERifiCATION !All ZEROS If NO 

COMMAND I 
53 0 14x 51 s 561 

HOUSEKEEPING 
NA NOT ASSIGNED IALLZEROS TRANSMiffiDI 

If> I j62 X 631 ll>"x 

CG COlO CATHODE GIJAGf EXPERIMENT IMSCI 

EACH BOX CONTAIN~ ONE 10 BIT WORD. TOTAl 
REPRf\LNI'i ONE fRAME OR 640 BITS. 

7769-6042 

TELEMETRY FORMAT 
FLEXIBLE WORD ASSIGNMENTS 

4 x6 

~ 13 14 

20 X 22 

28 29 30 

36 37 38 

44 45 l'< 
52 lX 54 

60 61 62 

IX 8 

~ 16 

r:R SR 
V< 32 

~ 40 

~ 48 

~ rx 
~ ~4 

WORDS MARKED WITH X ARE ASSIGNED 
BY DRAWING DURING FABRICATION OF 
THE DIGITAL DATA PROCESSOR'S MULTI­
FORMAT COMMUTATOR. 

Tl59-6043 
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X ll X X 

lOx II 

17cp !Bx !Yep 

25 26 X 27-

JJ H 34x 35. . 
141 • 2x ~3-

~9NA 50x 51NA 

~7 _ 58 X 5Q-

I, 2 X l X 

Q 10 X II 

11rp IR X I Yep 

2~ 6 X t7 

llll l4x ~~ . 
I 7 X 4l 

49N 50x ~ 1NA 

>7 '"X '" 

FORMAT FLIGHT SYSTEM #3 

~X cv ~X CP 

llx 3- 'i4x 1 1 ~CG 

20x 21HF 22 X 2lcp 

28 X 129- 30x l31cG 

36x • 38 X l'9cP 

l'l"x 45- j46x 7cG 

52 X 5~~ F'4x 5cp 

~X lf>l. 62 X 3cG 

18 X 

16x 

24 X 

32 X 

!'Wx 

1411 x 

I'X>cc 

~X 

I OF WORDS LEGEND ASSIGNMENTS 
PER FRAME 

3 
30 
12 
2 

0 
I 
6 

X 

HF 
CP 
cv 

fl 
NA 

CONTROL 
PASSIVE SEISMIC (SHORT PERIOD! 
PASSIVE SEISMIC (LONG PERIOD SEISMIC) 
PASSIVE SEISMIC ILONG PERIOD TIDAL+ TEMP I 
MAGNETOMETER 
SOLAR WINO 
SUPRA THERMAL ION OETECTOR/CCGE 
HEATFLOW 
CHARGED PART! CL£ 
COMMAND VERIFICATION fAll ZEROS iF NO 
COMMAND I 
HOUSEKEFPING 
NOT AS)IGNED tAll ZFROS TRANSMI TTEOI 

CG COlD CA TIIOOF GIJAGE EXPERIMENT IMSCI 

FACH BOX CONTAINS ONE 10 81 T WORD. TOTAL 
REPRESENTS ONE IIIAMI Oil 640 Btl~ 

7759-6044 

FORMAT FLIGHT SYSTEM #4 

~ ~cv X CP 

t?x n 14 X 151 

?Ox 21NA 12x ?JCI 

R X 2Q lOx lll 

llll X I" • lRx l9cp 

~X 45 6x 71 

52 X 1NA ~X \:p 

~X ~I 1!>2 X 611 

Rx 

to X 

74 X 

l? X 

411x 

4Rx 

561 

Mx 

I OF WORDS lfGEND ASSIGNMENTS 
PER FRAME 

l 
lO 
12 

(J 

(J 

X 

• 

IIF 
CP 
cv 

CONTROl 
PASSIVF SEISMIC !SHORT PERIOD! 
PASSIVE SfiSMIC ILONG PERIOD SfiSMICI 
PASSIVE SI'ISMIC ILONG PERIOD TIDAL ' ITMP I 
MAGNETOMfTER 
SOlAR WINO 
\Uf'RATIIERMAliON DfTECTOR/CCGf. 
HFAT HOW 
CIIARGFD PARTICif 
COMMAND VERIFICATION !All/EROS If NO 
COMMAND) 

II 1\0IJSEKTEPING 
NA NOT ASSIGNfD tAIL 7ERO~ IRANSMITTEDI 
CG COlD CATHODE GUAGf FXf'fRIMfNT IMSCI 

FACII HOX CONIAINS ONE 10 HIT WORD. TO IAI 
Rfi'RI \fNTS ONF FRAMf OR 640 81 IS. 

7759-6045 
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ALSEP DATA FORMAT 

11 lzl3 141516171sl 9 lwl 
----1 1--1 B IT 

--............. 
111060 SEC • I BIT 

NORMAL BIT RATE SHOWN 
SLOW RATE = 0. 5 x 1060 

= 530 BPS 
(FOR CONTINGENCY) 

HIGH BIT RATE = 10,600 BPS 
FORMATIED BY ASE 

7759-6046 

CONTROL WORDS AND CMD VERIFICATION 

WORD 46 ON ALSEP I 

'FILLER BITS I ZEROS) 

fill) J!41sl6l7!sl q hM 

DA·~~ 
CMD AS RCVD 

DA ·06 Al SEP CMD MAP 

ONE WORD SAMPU AS IACfl 
COMMAND IS RICE IVID AT 
AlSIP. AT lllttfR TIMIS Htl 
SAMPII IS AlllfROS 

DA-01 ALSEP FRAME SYNC 

3 
4 
s 
6 

8~ 

0 

I 

rSB} 

NON I 

NON I NON[ 
7759-6047 
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DATA PROCESSOR TIMING/CONTROL SIGNALS 
~ N x 90 x !1 src 

13 \~ 
C----NX E' SEC NX~ SEC----~~------~--~ 

FRAME n 13 n n 

MARK __jli----------"-------~!L__ 
EVEN --Ji--NX 118.uSEC NX 118.uSEC--it--

~:~E _j L_ 
N X 118 .U SEC;;-- N X 236.uSEC --j [-- ~ :Rl:-.-N X 2361-\SEC N X 118 SEC--a--

SHIFT liOJ'fll f1l fiOl n1 fll lzl IQ I n fll"lzl fiOl n ~ '17' fiOl n_ 10601± O.OI.,.Ib/s 
Putsr___j'"L,!J"U"4rl""4rl L!J"U"4 'rl u·u·4rl··~~ U 1U 2 4rl'"LJJ L: N 

~----~._j k:WORO TIME. : f-. ~---- .__j 1----- ---J 
lfiRST WORD TIME 1 PfR TELEMETRY I FIRST WORD TIME LAST WORD TIME 
: EVEN FRAME ! FORMAT : ODD FRAMf ODD FRAME 

DAIA : I 9. 4 X N I 
OfMAND I ~MilliSfCON~j~ ----------------

' ~ 1- N X liB.um: 

~JL____JLJL.~J'-----__.n~-
N • I I OR NORMAl MOOf Ill 1111>0 hi" 
N ·1 rDR \lOW MODI Ill ~m hll\ 
LOW: lfVII\'"ONf". '411' I '•VOlf'>i"/fRO". '11.1' 111VIlll\ 7759-6048 

'"\1 \ft:•MOIIIf\ l'flliRAMI All OIIIIRIIMI\Aill ALLIIRAff ONlY [0 fill \IGNIIfLANfiiCIIRf \flOWN. 
,,, lObO hpo, 

TIMING/CONTROL SIGNAL INTERFACE 
DATA PROCESSOR 

LINE DRIVER 

40K 

+ 4. 5 - 5. 5 VDC 

LI'DTJ.I L904i 
COMMAND 

SELECTABLE 
REDUNDANT 
CIRCUIT 

LOGICAL "ZERO" + 0. 2 + 0. 2 VOLTS 

LOG I CAL "ONE" 

USER SHALL LIMIT"SINK" CURRENT 
TO 0. 75 rna OR LESS 

+ 4. 0 + I. 5 VOLTS 
USER SHALL LIMIT "SOURCE" 
CURRENT TO 0. 045 rna OR LESS 

CONTROL RISE AND FALL TIME 

7759-6049 



EXPERIMENT /DATA PROCESSOR INTERFACE 
DIGITAL DATA 

UAfA PROtf~SOR 
Vee 

14 

LOG I CAl "ZERO" 1 0. 2 1 0. 1 VOLTS 
THE SOURCF I.INE DRIVER Mil\ r 
BE CAPABLE OF "SINKING" lll' TO 0. 715 rna 

LOG I CAL "ONE" I 4. 0 I l. 5VOLTS 
THF SOURCE LINE DRIVFR MIJ\T BF 
CAPABLE OF "SOURCING" IJP TO 0. 011 rna 

R, C1, & C1 CONTROL RISE AND FAll TIMf 

DIGITAL DATA PROCESSOR 
TELEMETRY SUMMARY 

CHANNEL 2 AE-01 0. 25 VDC CALl BRAT ION OF ADC 

7759-6050 

A ZENER DIODE AND RESISTIVE DIVIDER IS 
USED TO PROVIDE AN ACCURATE REFERENCE 
VOLTAGE FOR TM CHANNEL CALIBRATION 

CHANNEL 3 AE-02 4. 75 VDC CALIBRATION OF ADC 
THIS VOLTAGE IS OBTAI NED FROM THE 

SAME NETWORK AS THE 0. 25 VDC AND 
PROVIDES A SECOND CALIBRATION POINT 

CHANNEL 46 AT-29 DIGITAL DP, BASE TEMPERATURE 
USES A THERMISTOR LOCATED ON THE 
BASE PLATE 

CHANNEL 47 AT-30 DIGITAL DP, INTERNAL TEMPERATURE 
USES A THERMISTOR LOCATED ON ONE 
OF THE PRINTED CIRCUIT BOARDS 

7759-6051 

1/·)8 
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ANALOG MULTIPLEXER/CONVERTER 
PHYSICAL DESCRIPTION 

SIZE 2. 62 x 4. 23 X 5. 92 inches 
WEIGHT 2. 2 pounds 
POWER REQUIRES A TOTAL OF 1435 MILLIWATTS (NOMINAL AT ROOM AMBIENT) AT 

THE FOLLOWING VOLTAGE LEVELS-
65 m iII iwatts at + 15 vdc 

150 milliwatts at+ 12 vdc 
1100 milliwatts at+ 5 vdc 

120 milliwatts at- 12 vdc 
PARTS COUNT INTEGRATED CIRCUITS 76 

FIELD EFFECT TRANSISTORS 156 
TRANS IS TORS 185 
D lODES 307 
ZENER D lODES 9 
CAPACITORS 158 
RFSISTORS 102 
CRYSTALS 

PACKAGING ALL PARTS ARE MOUNTED ON 15 TWO LAYER PCBs 
CONNECTOR HUGHFS · 244 PIN 

7759-6063 

ANALOG MULTIPLEXER/CONVERTER 

THE COMPONENT -

• CONSISTS OF A 90 CHANNEL ANALOG MULTIPLEXER, A SEQUENCER, 
BUFFER AMPLIFIERS AND TWO EIGHT-BIT A/D CONVERTERS WITH 
BUFFERED OUTPUTS 

• USES REDUNDANT GATES, DR IVERS AND A/D CONVERTERS FOR 
RELIABLE OPERATION 

• MONITORS UP TO 90 DATA SOURCES ON A SEQUENTIAL SAMPLE 
BAS IS. REQUIRES ABOUT 54 SECONDS FOR ONE COMPLETE 
SEQUENCE OF SAMPLES 

• CONVERTS EACH INPUT INTO AN 8-B IT BINARY WORD 

• PROVIDES THE 8-BIT BINARY WORD IN PARALLEL TO THE DIGITAL 
MULTIPLEXER OF THE DDP 7769-6064 

1/-90 



SIMPLIFIED BLOCK DIAGRAM 

I 
I lj{) CHANNEL 

ANALOG: 90 MULl I PLEXER 
INPUTS 1 

I 
I 

PARALLEL 
DIGITAL 
OUTPUTS 

"X" 

PARALLEL 
DIGITAL 
OUTPUTS 

"Y" 

AID "Y" 
1 1 xn ~NAL AUC 
I I NCODI COMMAND~ ~~~~. 1:::=:--____.,l 

CllANNII 

I 
I 
I 
I 
I 
I 

--, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I PART OF PDU I I __________ _j 

7759-6065 

MULTIPLEXER GATE ARRANGEMENT DIAGRAM 

90HIGH 
LEVU 
ANALOG 
INPUTS 

fROM 15,1 
COUNTER MATRIX COUNTER MATRIX 

"C" HAll l'lll~l\ "I~" HAll l'l/1)1\ 

t-----TO ADC NO. 2 

IFGEND 
~HTGATE 

0 FH GATF DRIVER 

7759-6056 
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MULTIPLEXER TIMING DIAGRAM 
Cl -u-----u­
C2 --u-------u--
C3 ~50F15'C"RATE 

C~ ----u--------u- PULSES 

Ct5---u-

R1 ~20F6'R"RATE 

R2 I@ CHANNEL Nl L__ PULSES 
CHANNEL N2 
CHANNEL H3 

MUX CHANNEL f4 

OUTPUT 

R1 
R2 
R3 
R4 
R5 
R6 

-

r 0~"'"""""' ~N("'"\oo:::tU"\o..Or-00&...-!...-t...-1..-.1...-....-t 

uuuuuuuuuuuuuuu 

~ l 2 3 4 
16 

~ 31 46 

l. 61 
76 --

5 6 7 8 q lOll 12 13 14 15 

-i-- -i-- c--t-

- >--- -I-- I-· 
-- -

L ___ 
L .. ---· '--

DAlA FORMAT AND 
CHANNEl SfQUENCI 

+-~ 
f-f- ~ 

60 
~-f- f5 

•. c.-
1Q-' 

MUX 

ADVANCE 1..l ..---L----1 
PULSES I 

I 
ADC I 

I ENCODE I 
COMMAND....L.,!,.---!---L 

I 
I 

DATA I I 
AVAILABLE __r--u---t_ 

7759-6057 

A/D CONVERTER FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
INPUT 
FROM {o---­
BUIHR 
AMPLIFIER 

ACCIIMIII AHW 
HI Sll 

S }PARALLEL 
OUTPUT 

7759-6058 



INPUT REQUIREMENTS 
ANALOG INPUTS 

RANGE 0 TO +5 volts 
INPUT Z " 1 megohm ION state) 

~50 megohms (OFF state) 
SOURCE Z ~ 10 k ohms 

• PROPER OPERATION WITH AN OVERVOLTAGE OF 

+8 to -6.5 volts for channels 21, 36, 45, & 80 
+8 to -9 volts for channels 6, 7, 26, 52, 67, & 70 
+8 to -5 volts for all other channels 

IS NOT DAMAGED BY AN OVERVOLTAGE OF± 12 VOLTS ON ANY CHANNEL. 

ADVANCE PULSE 

REQUIRED FOR ADVANCING MULTIPLEXER THROUGH ITS 90 CHANNELS. 
SUPPLIED BY DDP 

ADC START (ENCODE) PULSE 
DRIVES SYNC LOGIC TO START AID CONVERSION. SUPPLIED BY DDP 

'PROPER OPERATION IS NOT GUARANTEED BEYOND 
PLUS AND MINUS OPERATIONAL Ll M ITS 

7759-6059 

ANALOG MULTIPLEXER/CONVERTER OUTPUTS 

fliNARY OLJII'Ul 

OOO{)()(X)() 

00000001 

lllllllO 

11111111 

f"OR A Nf GAT IV! I NI'UT 

FOR IE HO INPUT 

FOR 15 VOlTS INPUT 

FOR GRE ATEH THAN I) VOLTS INPUT 

LOG I CAL "0'' IS I 4. 0 ! 1.5 VOLl ~ 
LOG I CAL" 1" IS tO. 2 ! 0. 2 VOLTS 

TEMPERATURE Tf.LEMETRY 

CHANNEL 33 

CIIANNE l 'M 

AT-27 BASE TEMP 
!SIGNAL OBTAINED BY A THERMISTOR/ 
RESISTOR NUWOR K POWERED BY + 12 VDC 
THERMISTOR LOCATED ON BASE PLATE) 

AT -28 INTfRNAL TlMP 
!SAME AS ABOVE EXCEPT THERMISTOR 
MOUNTf DON PC IJ) 7759-6060 





• 

TRANSMITTER 

PHYSICAL DESCRIPTION 

• SIZE 1.5 x 2 x 7.5 inches 

• WEIGHT 1.17 pounds (each) 

• POWER 8 watts at 29 VDC 
0. 5 watts at 12 VDC 

• EMPLOYS MODULAR CONSTRUCTION WITH ll SEPARATE CIRCUIT 
MODULES 

• MODULES ARE MOUNTED ON A MILLED MAGNESIUM BASE PLATE 
WITH INTER-MODULE WIRING THROUGH MILLED PASSAGEWAYS 

TRANSMITTER 

PROVIDES A MINIMUM OF l WATT INTO A 50 OHM LOAD WITH A MAXIMUM 
VSWR OF l. 3: l 

PROPER CRYSTAL IS INSTALLED DURING MANUFACTURE FOR OPERATION ON 
EITHER 2276. 5 MHz (CHANNEL nl, 2278. 5 MHz (CHANNEL *2) OR 2275. 5 MHz 
(CHANNEL H). 2279.5 MHz(CHANNEU4l IS ASSIGNED BUT NOT IMPLEMENTED 

FREQUENCY STABILITY IS 0. 0025%/YEAR 

TWO IDENTICAL COMPONENTS, TRANS A AND TRANS B, ARE PROVIDED 
WITH ONE IN STANDBY 

EITHER A OR B MAY BE SELECTED BY COMMAND FROM THE MSFN 

IF ONE IS SWITCHED "OFF" DUE TO AN OVERCURRENT CONDIT ION, THE OTHER 
IS AUTOMATICALLY SWITCHED "ON" 

IF COMMANDED "OFF" A RESISTOR (HEATER) IS AUTOMATICALLY SWITCHED 
ON FOR CENT STA THERMAL STABILITY 

7759-6063 



TRANSMITTER, BLOCK DIAGRAM 

29V 

t 1.2~ RAD 

'-=.:..:.r----1 I '---,.--' 
I 
I r-:-::+-::'--1 

MOOULATION : Blllfl R 
VOLTAGifiWM L AMP jNOTE· . 
DATA PROCISSOR ------- POWIR DISTRIBUTION UNIT )IJPPIIIS 117 VDC AND o 29 VDC 7759-6064 

TRANSMITIER A 

CHANNEL SYMBOL 

18 AT-23 

19 AT-24 

51 AE-51 

81 AE-17 

TRANSMITTER 
TELEMETRY SUMMARY 

TRANSMITTER B 
TELEMETRY DATA 

CHANNEL SYMBOL 

TRANSMITTER CRYSTAL TEMP 
USES A 15 K OHM THERMISTOR AND 
2 RESISTORS TO DEVELOP SIGNAL. 31 AT-25 
PARTS ARE LOCATED IN OSC -BUFFER-
MODULATOR MODULE 

TRANSMITTER HEAT SINK TEMP 
USES A 15 K OHM THERMISTOR AND 
2 RESISTORS TO DEVELOP SIGNAL. 

32 AT-26 

LOCATED IN POWER DOUBLER 
TRANS AGC VOLTAGF 
AGC VOLTAGE IS AMPLIFIED TO GIVE 66 AE-16 

TM SIGNAL OF PROPER LEVEL 
TRANS I'WR DOUBLER DC CURRfNT 
SIGNAL OBTAINED FROM SMALL RE- 22 AE-18 

SISTOR IN POWER RETURN 

LD 

I ,... ,... 







ASTRONAUT SWITCHES 

[~)j '"""' NUMHIII INIIIflli'II\IIION A\IIHJNI\UI !liN! !IIlii! 

' '.IIN!IU I ~IHAII lllf'1 W I!I',AIII[',!I(tt!IIII!UIItll!ll!ll 

"" IIUYIIIIIIIIANI•III Mll'olllt Ol'llll\llhHY 11!1 ~'.!IWNAIJI 
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Ol 
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'•IIILIIJAIAI'IUII!','.OIIY"ON'' 
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"" JWIII!I /11~1 1W 
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\WIIUIOAIA PIWU~~OIIIO 
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UNI'AINIIDLI!I\UNIIUIIII UlVIIIAIIII~JII • 1\LIIVAII A~l \IHV\IIIU 

11111\Nlollli\11 ~WIILH OAlf< Pl!OClSSUIIIO A~l HBII Off 

~HAI'I \ 1 Ull\lf<\INVOPIIIIINriNCCWPO~Ifl()flj 
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t«lU: L SWill.lt I 1\INt:IO\Ul ~YOIIANGI PAIN! 
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!llHIIIIIIOU!ST A$1 GNO LMO~ Ul! R(JIAll \4 IN I JIIH 1! llll!ICIION 

7759-6067 
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WIRE HARNESS 

• ALL COMPONENTS ARE INTERCONNECTED WITH A PRE-FORMED WIRE HARNESS 
WHICH1PROV!DES THE PROPER MATING PLUGS 

• WITH IN THE THERMALLY CONTROLLED AREA, AWG# 24 SINGLE CONDUCTOR, 
STRANDED, COPPER WIRE IS USED 

• TWO PRINTED CIRCUIT TERMINAL BOARDS ARE USED TO PERMIT TRANSITION 
FROM COPPER TO MANGANIN FOR WIRES WHICH MUST GO OUTSIDE THE 
THERMALLY CONTROLLED AREA 

•TO REDUCE THERMAL CONDUCTION, MANGAN IN WIRE, WHICH HAS A THERMAL 
CONDUCTIVITY ABOUT lll7 THAT OF COPPER, IS USED BETWEEN THE PC 
TERMINAL BOARDS AND EXTERNAL INTERFACES (CONNECTORS). BECAUSE OF THE 
HIGH CURRENT, + AND -WI RES TO THE RTG CONNECTOR ARE COPPER 

• CONNECTORS USED ARE MADE BY HUGHES, SCHJELDAHL, DEUSTCH AND MICRODOT 

7759-6068 

HARNESS TO EXTERNAL CONNECTORS 

CONTROLLED I TERMINAL BOARD NO. l 1 I TERMINAL BOARD NO. 2 I 
ENV I RtNMENT ~--- ~--- 1---- 1---

z z z z 
zVl zVl zVl z ~- 17-THERMAL BAG/ C3 ~' /// 

'<( u.J V/ I/C3 ~ 77 <(u.J 
<..:>~ 

<..:> ~"' ~ 

EXPOtED TO 

zs: ~3: zs: zs: 
~ :E ~ ~ 

LUNAR 1--- 1---- 1---- 1-----

ENVIRONMENT I I I I I I I 1 
EXTERNAL CONNECTORS ON STRUCTURE 

7769-6069 
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POWER DISTRIBUTION UNIT 

~ ·-- --

THE PDU- --
• PROVIDES FOR THE D I STR I BUT I ON AND CONTROL OF POWER TO 

EXPERIMENTS AND CENT STA COMPONENTS 
• CONTAINS CIRCUITRY TO PROTECT THE SYSTEM AGAINST OVER­

LOADS OCCUR lNG FROM COMPONENT FAILURES 
• PROVIDES SIGNAL CONDITIONING FOR CENT STA AND POWER 

SUBSYSTEM TELEMETRY SIGNALS 
• WILL, BY SEQUENTIAL TURN-OFF OF 3 EXPERIMENTS, ADJUST THE 

TOTAL POWER DEMAND TO A VALUE WITHIN THE AVAILABLE POWER 
LIMIT 

• UPON SENS lNG A POWER OVERLOAD COND IliON, WAITS ABOUT 135 
MILLISECONDS BEFORE SWITCHING AN EXPERIMENT TO STANDBY 

• PROVIDES MOUNTING SPACE FOR THE "DUST DETECTOR" ELECTRONICS 
'7759-6083 

POWER DISTRIBUTION UNIT 

PHYSICAL DESCRIPTION OF THE PDU 

'' SIZE 2. 8 x 4 x 7. 25 inches 
'' WEIGHT 2. 29 pounds 
''' POWER 375 milliwatts at 1 29 VDC 

75 milliwatts at •15 VDC 
735 milliwatts at+ 12 VDC 

85 milliwatts at+ 5 VDC 
8 milliwatts at- 6 VDC 

475 milliwatts at -l2VDC 
* PARTS COUNT- 17 FLATPACKS 

37 TRANSISTORS 
ll AMPLIFIERS 
98 D lODES 
27 RELAYS 

238 RESISTORS 
44 CAPACITORS 
7 FUSES 
2 THERMISTORS 

* PACKAG lNG -ALL PARTS ARE MOUNTED ON 5 PCBs 
• CONNECTOR -HUGHES- 244 PIN 7759-6084 

1/·S~ 



SIMPLIFIED BLOCK DIAGRAM PDU 

{
TO PDRs AND 

_C CENT STA HEATERS 
~-----. 

LOAD DATA 
AND ~ PROCESSOR {TO DATA 

POWER - PROCESSOR ,..-
CONTROL 

HEATER 
POWER CONTROL 

RECEIVER 
POWER 1--

RECEIVER 
CONTROL 

FROMPcu}~P~O~W~ER~------~--~--~~~ 

FROM C MD} /"..l_O=M-"'M-"-'A=ND"-'S'----+------+----~~--t 
DE C ODI R v- ....._;..:__.....;;.;;._,j 

{TO COMMAND 

IU'> I'OWII~ i'OWlR EXI'ERIMlNT ,..._.......TRANSMITTER { 
SIGN/II o- Lo.... L ... - TO 

Oil ,~ f'OWfR i'OWlR ,-- lRANSMITIERS 
Rl It l<l NCI o- '>I !)lli NCI R CONTIHll -- ·-- CONTROL '> I(;NAI 

SINSORS } POWER lOSlNSOil LU~i'IRIMINT'>L...- 1M {10 

fRO~\ }o-glJ.~l2RSlGNA! ______ :~---------= ~~~~~~SING~ MlJLTII'LlXIIl 
Sl NSlll~'> 

7769-6086 

EXPERIMENT POWER CONTROL (1 OF 4) 
"OPER SEL" 

TO ASTRO SW 

+29 VDC 

"STBY SEL" 

"STBY OFF" 

POWER RETURN 

''NOTE: RIPPLE -OFF SEQ USED ON l, 3 & 4 ONLY 

29 VDC 
EXP OPER POWER 

29 VDC 
EXP STBY POWER 

TO SUMMING 
NETWORK FOR TM 

7769-6086 

.. ' ... 

1/-S.S 



TRANSMITTER POWER CONTROL 

XMTR ON 

t 12VDC:-----.......--.r ) TO"B" 

XMTR OFF 
RELAY 
K2 

RELAY 
K4 

POWER RETURN 

DATA PROCESSOR & 
CMD RCVR PWR CONTROL CKTS 

DATA PROCESSOR COMMAND RECEIVER 

) TO 11 811 

I TO 
D IPLEXERI 
SWITCH 

} TO A & B 

7759-6087 

oi?VDC lODIGITAIDP 

''"" [;~'t]t~" """: 
+I IV DC 

-12VDC 

•5VOC 

10 MUX/CONV X 
TO MUX/CONV 

TO MUX/CONV 
'---:::rlr- 10 MLJX/CONV Y 

TO MLJX/CONV X 
TO IJ!(:ITAI Ill' X 

~9 VfJC -tffJt ~+-) : TO HTR 
o-- -- ~ I L. 27 U 

I i1:tll - L.. __ .JCB6 

I 
1 I I NOTES· 

1211H : l~l I I. C.Bl IS LATCHING 
Hl>ll ._ _ _!+JCBI TYP£ RELAY 

CMO -i-- 2. C86 IS "HOLDING" ;J DHIVIH NOMIN:~~O~~~~LTAGf 
\WI\?1 I>IBVfJC 

c)liN _ RTN 

7759-6088 
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SWITCHING FOR POWER DUMP RESISTORS 

CMD ON 
(017) 

+29VDC 

CMD OFF 
(021) 

DRIVER ...___------, 

CMD OFF DRIVER 1-------> 
(023) 

eEACHRESISTOR IS340ohms 
e RES IS TORS ARE LOCATED ON 

EXTERIOR OF CENTRAL STATION 

RTN 
PDR H2 

SWITCHING FOR CENTRAL STA HEATERS 
CM\lON ~ 
~·--~-~-

t29 VDC --------------- RIIAY - THfRMOSTAT 

"' CMil Of! ~ __ CLOSF AT -10 ~ 8° F 
~----- orrN AT ou ~ trf'F 

RTN--- _ t~~~- n~-!J __ I~~~~~ ~~Q 
DSS HTR 3 

el ACII HI ~~~TOR I~ J40 ohill' 
DSS HTR 2 

7769-6089 

e Rl ~~~TOR!> AHI MOUNHD ON TIIIRMAli'LATf 7759-6090 
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SENSE 

REF 

EXPERIMENT RIPPLE-OFF SEQUENCE 

I KHz 
CLOCK 

STBY SEL 
CMD 

r----.- TO EXP 4 

TO EXP 3 

COUNTER RUNNING TO EXP I 
0 0 9 17 25 

w~y 11111111111111111111111111 

+ -t t STBY SEL CMD t STBY SEL CMD t STBY SEL CMD t r- 135±15MS TO EXP f4 TO EXP N3 TO EXP II 
SENSE START 
OVERLOAD COUNTER 

• _IF OVERLOAD CONDITION EXISTS FOR 135 ±15MS, THEN FROM COUNT I to COUNT 9 
A "STBY SEL"CMD IS ISSUED TO EXP f4. 

• AFTER9MS, IF OVERLOAD STILL EXISTS, A"STBYSEL"CMD IS ISSUEDTOEXP #3 
FROM COUNT 9 TO COUNT 17. 
IF OVERLOAD STILL EXISTS, A"STBYSEL"CMD IS ISSUEDTOEXP fl FROM 
COUNT 17 TO COUNT 25. 

• WHEN OVERLOAD IS CLEARED THE COUNTER IS RESET AND FURTHER EXPERIMENT 7759-6091 
SWITCHING IS INHIBITED. 

PDU TELEMETRY CIRCUITS 
+12 voc 

TM CKT FOR RTG HOT & COLD FRAME 

+12 VDC 

1sK<DQ}"-C ~. ___r---·--·-·J~c 
THERMISTOR - _..,:__~--==--COMMONRTN ......... __.. 

lllO .A. 

TM CKT "INTERNAL" TEMPERATURES 

+12 VDC 

~_j 
z2~T __ S 

~:~~: ~--- -~OM~lN RIN 

+SIG 
---- -~-,----o 

TMSIG __ .., 
TM CKT fOR 5TRUCTURf Tl MPI RAT URI 5 

(}) FfNWAI ISO CURVI !HI RMISTOR IW OHMS 
CD TYIAN fG·lOK NICKll WIRI SINSOR 2000 OHMS 

7759-6092 
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FROM 
EXP 
PWR 
CONTROL 

EXP PWR MODE TM 

+29 VDC WHEN EXP NO 1 IS IN STBY 
+29 VDC WHEN EXP NO 2 IS IN STBY 
+29 VDC WHEN EXP NO 3 IS IN STBY 
+29 VDC WHEN EXP NO 4 IS IN STBY 
+29 VDC WHEN HTR NO 2 

IS ON 

K 
20 
K 

7759-6093 

CENTRAL STATION TEMPERATURE MEASUREMENTS 

TEMPERATURE NUMBER 
MEASUREMENT OF POINTS RANGE ACCURACY 

RTG HOT FRAME 3 9500 TO 1150°F .±5°F 
RTG COLD FRAME 3 400° TO 600°F .±5°F 

EXTERNAL STRUCTURE TEMP. 7 -300° TO +200°F ±.15° F 
INTERNAL STRUCTURE TEMP. 6 -50° TO +200°F ±10° 

CIS COMPONENT TEMP. 19 -50° TO +200°F ±10°F 

7759-6094 
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I 
I 

I 

DATA SUBSYSTEM DIPLEXER SWITCH DIAGRAM 

D!PLEXER FILTER 
TRANSMITTER PORT 

FIXED 
DIRECTIONAL 
CIRCULATORS 

REVERSIBLE CIRCULATOR 

A TRANSMITTER A 
INPUT 
TRANSMITTER B 

LOAD 
B 

DATA SUBSYSTEM DIPLEXER SWITCH 
LEADING PARTICULARS 

Characteristic 

Insertion loss 
VSWR 
Center frequency 
Isolation for 3 db bandwidth (4 MHz) 
Switching voltage 
DC power (position B) 
DC power (position A) 
Switching time 
RF pov er capability 
Weight 
Stray magnetic field (steady-state) 
Form factor 

Value 

0. 5 db 
l. 14: l 

30-40 db 
12 vdc 
150 MW 
0 
120 milliseconds 
l. 5 watts 
1. 28pounds 
10 gamma at 3 feet 
4 x 4. 5 x l. 3 inches 

7759-6099 





12 0 

100 

0 

0 

0 
0 

DIPLEXER 

PROVIDES TRANSMiffiRIRECEIVER ISOLATION WITH A 
COMMON ANTENNA 
USES TUNEABLE CAVITY BANDPASS FILTERS- 51N 
TRANSMIT AND 51N RECEIVE PATH 
CHARACTERISTICS 

RECEIVER PATH 

INSERTION LOSS 
VSWR 
CENTER FREQUENCY, 
MAX 3 db BANDWI OTH 
MIN 3db BANDWIDTH 
TRANSMiffiR PATH 

MEAS 

1. 30 db 
1.10,1 
2ll9 
1l.OMHz 
11.0 MHZ 

INSERTION LOSS, 0. 70 db 
VSWR 1.10,1 
CENTER FREQUENCY 2275-2280 MHz 
MAX 3 db BANDWIDTH 45 MHz 
Ml N 3 db BANDWIDTH 45 MHz 
POWER HANDLING CAPABILITY 20.0WATTS 

'MISCELLANEOUS 
DIMENSIONS- 2. 5 x 2. 5 x 6. 88 INCHES 
WEIGHT - 0. 9 POUNDS 

SPEC 

2. 5 db 
!. 36,1 
2l!8-2120 MHz 
24MHz 
2. 18 MHz 

0. 8 db 
I. 36:1 
2275-2280 MHz 
60MHz 
5. 35 MHZ 
1. 5 WATTS 

DIPLEXER FILTER 

7759-6120 

MINIMUM REJECTION REQUIREMENTS 

\ I RECEIVER CHANNEL 

' \ ' ' 
' \: 1/ TRANSMiffiR CHANNEL 

"' I 
~ I 

' !\ I I 
I I 
I 

ll~~'i ~f I 
tim -rLO 

f i 
2.4 2.5 3 

FREQUENCY IGHzl 
9 10 2. 0 ~I L 2.2~ 2.~ 1.9 

24 MHz/3 db 60 MHzl3db 
MAXIMUM MAXIMUM 7759-6121 





ANTENNA DESCRIPTION 

'~ FLAT "RIBBON-LIKE" COPPER CONDUCTOR WRAPPED AROUND 
Fl BERGLASS-EPOXY TUBE 

,, 1112 INCHES IN DIAMETER AND 23 INCHES LONG 

':' USES 5" GROUND PLANE WITH A 2" CYLINDRICAL SKIRT 

,, IMPEDANCE MATCH lNG TRANSFORMER AT ANTENNA FEED 
POINT MATCHES THE ANTENNA IMPEDANCE TO A 50 OHM 
COAXIAL Ll NE 

·:· DESIGNED FOR EASY ATTACHMENT TO THE POINTING MECH­
ANISM WITH "QUICK-CONNECT" SPRING LOADED DETENTS 

- "' COATED WITH WHITE REFLECTING THERMAL PAINT 
<:t ... ... 
ID a. 

·:· WEIGHT- 1. 28 POUNDS INCLUD lNG CONNECTOR AND CABLE ~ 

ANTENNA CHARACTERISTICS 

TRANSMIT RECEIVE 
SPEC MEAS SPEC MEAS 

GAIN 

ON BORESIGHT 15. 2 db 16. 0 db 14. 7 db 15. 2 db 

BEAMWI DTH AT 11.0 db GAl N 27° 36° 

BEAM WIDTH AT ll. 5 db GAl N 270 33° 

AXIAL RATIO 3 db l. 3 db 3 db l. 0 db 

INPUT VSWR l. 25 : 1 l. 20 : 1 l. 5 : I l. 20 : I 

S I DELOBE LEVEL -10 db -11 db -10 db 11.3 db 

WEIGHT (ACTUAL) l. 28 LB s (including cable) 

7759-6115 
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1. ANTENNA PATTERN 
THRU ANT CENTERLINE ----E:)---
AND FEED TERM 
INOT SHOWN! 

2. ANTENNA PATTERN 
THRU ANT CENTERLINE --tr-­
ANO 90 .TO TERM 
!SHOWN BELOWl 

~-
SIGNAL 
SOURCE 

~~-

ANTENNA TEST 

('~~~\IN 
~:c~" 

AZIMUTH 
POSITIONER 

NOTE: 
f----,.,-----'-- COMPLETE INTERIOR COVERED 

ANTENNA PATTERN 
(DOWNLINK) 

WITH ABSORBER 

7759-6116 

-----l-- HOR IZ POLAR FREQUENCY 2277. 5 MHz 
SiN 4 

-----T- VERT POLAR 

0 
ANGLE 

POSITION OF 0 
CONNECTOR 

36° 72° 108° 
7759-6117 



ANTENNA PATTERN 
(UPLINK) 

---- - HOR IZ POLAR 
VERT POLAR 

1f-------t----t~rr~, 

FREQUENCY 2119 MHz 
SIN 4 

POSITION OF 0 
CONNECTOR 

\ 
\ I 

7759-6118 





BENDIX DATA SYSTEMS TRANSMITTER 
BLOCK DIAGRAM 

~---------------, r--------, 
I I I I 
I 
I POWER I I FREQUENCY I 

I OUTPUT 
EXCITER I I I 
MODULE 

AMPLIFIER 

I I 
MULTIPLIER 

I I MODULE MODULE L _____________ J L ______ J 

BUTLER 
.--

TYPE ,_ BUFFER 
OSCILLATOR 38,__ 

MHz 

EXCITER MODULE 
BLOCK DIAGRAM 

X5 TUNED PHASE ~..- PREAMP-
f. FREQUENCY ... AMPLIFIER 1- MODULATOR 

MULTIPLIER 

1 
265 - 10.600 Hz 
MODULATOR INPUT 

LIFIER 
r-

7759-6123 

OUTPUT 
20 mW 
(NOMINAL) 
190 MHZ 

7759-6124 

11-67 
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INPUT 
10 mW 

+ 28V 

r- PRE-

POWER AMPLIFIER MODULE 
BLOCK DIAGRAM 

DOUBLER DRIVER 
FINAL 

I-- POWER AMPLIFIER 100 mW STAGE 300 mW STAGE 1W STAGE 

t 
190 MHz 

1 
380 MHz 

1 
380 MHZ 

t 
. 02A . 03A . 07A . 22A 

r-- OUTPUT 
w 3 

380 MHZ 

7759-6125 

11-or 





INPUT 
380 MHz 

FREQUENCY MULTIPLIER MODULE 
BLOCK DIAGRAM 

MATCHING 
X3 X2 _.. OUTPUT >- r- FREQUENCY -FREQUENCY 

NETWORK MULTIPLIER MULTIPLIER 
FILTER ---OUTPUT 

2280 MHz 

7759-6126 
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ANALOG MULTIPLEXER/CONVERTER 

THE COMPONENT -

SIZE 

WEIGHT 

POWER 

e CONSISTS OF DUAL 90 CHANNEL ANALOG MULTIPLEXERS, 
SEQUENCERS, BUFFER AMPLIFIERS AND 8-BIT A/D CONVERTERS 
WITH BUFFERED OUTPUTS 

e USES REDUNDANT GATES, SEQUENCERS AND A/D CONVERTERS 
FOR RELIABLE OPERATION 

e MONITORS UP TO 90 DATA SOURCES ON A SEQUENTIAL SAMPLE 
BASIS. REQUIRES ABOUT 54 SECONDS FOR ONE COMPLETE 
SEQUENCE OF SAMPLES 

e CONVERTS EACH INPUT INTO AN 8-BIT BINARY WORD 

e PROVIDES THE 8-BIT BINARY WORD IN PARALLEL TO THE 
DIGITAL MULTIPLEXER OF THE DDP 

7759-6105 

ANALOG MULTIPLEXER/CONVERTER 
PHYSICAL DESCRIPTION 

2.62 X 4.23 X 5.92 INCHES 

1.83 POUNDS 

REQUIRES A TOTAL OF 1435 MILLIWATTS (NOMINAL AT ROOM AMBIENT) 
AT THE FOLLOWING VOLTAGE LEVELS-

100 MILLIWATTS AT+ 15 VDC 

650 MILLIWATTS AT+ 12 VDC 

750 MILLIWATTS AT+ 5 VDC 

650 MILLIWATTS AT- 12 VDC 

PACKAGING ALL PARTS ARE MOUNTED ON 11 TWO LAVER PCBs 

CONNECTOR HUGHES · 244 PIN 

7759-6106 
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SIMPLIFIED BLOCK DIAGRAM 

I 
MULTIPLEXEATAJD CONVERTER 

I 
I 
I 
I 

I EXTERNAL ADC 
I ENCODE COMMANDS 

I 
I 
I 
I 
I 
I 
I 
I~ 

"' 

V MUX 
8o ADC 

DIGITAL 
OUTPUTS 

")(" 

PARALLEL 
DIGITAL 
OUTPUTS 

"V" 

y MJU~EDUNDANT 
POWER 
SWITCHING 

7759-6109 

A/D CONVERTER FUNCTIONAL BLOCK DIAGRAM 

ANALOG 
INPUT { 
FROM ~----------------------~ 
BUFFER 
AMPLIFIER 

ADC 
ENCODE {o-----t 
COMMAND b-~~J--t-;;--~ L--~--' 

8 }PARALLEL 
OUTPUT 

7759-6110 
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INPUT REQUIREMENTS 

ANALOG INPUTS 

RANGE 0 TO +5 VOLTS 
INPUT Z iii: 1 MEGOHM (ON STATE} 

S; 50 MEGOHMS (OFF STATE} 
SOURCE Z ~ 50 K OHMS 
PROPER OPERATION WITH AN OVERVOLTAGE OF± 12 VOLTS ON ANY CHANNEL 

ADVANCE PULSE 

REQUIRED FOR ADVANCING MULTIPLEXER THROUGH ITS 90 CHANNELS 
SUPPLIED BY DDP 

ADC START (ENCODE} PULSE 

DRIVES SYNC LOGIC TO START A/D CONVERSION. SUPPLIED BY DDP 

7759-6111 

ANALOG MULTIPLEXER/CONVERTER OUTPUTS 
BINARY OUTPUT -

00000000 

00000001 

lllllllO 

llllllll 

FOR A NEGATIVE INPUT 

FOR ZERO INPUT 

FOR +5 VOLTS INPUT 

FOR GREATER THAN +5 VOLTS INPUT 

LOGICAL "0" IS +4.0 ~1.5 VOLTS 
LOGICAL "1" IS +0. 2 ~ 0. 2 VOLTS 

TEMPERATURE TELEMETRY 

CHANNEL 33 AT-27 BASE TEMP 
(SIGNAL OBTAI NED BY A THERMISTOR/ 
RESISTOR NETWORK POWERED BY+ 12 VDC 
THERMISTOR LOCATED ON BASE PLATE! 

CHANNEL 34 AT -28 INTERNAL TEMP 
I SAME AS ABOVE EXCEPT THERMISTOR 
MOUNTED ON PC Bl 

7759-6112 

11-7'1 



ANALOG MULTIPLEXER CHANNEL ASSIGNMENTS 

APPEARS IN WORD 33 ON ALSEP I 

N 
N ... 
(,£) 

fR 
...... ...... 

1/·70 
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MAJOR DESIGN PARAMETERS- ALSEP 
RESETTABLE SOLID STATE TIMER (RSST) 

TIME-OUT PERIOD: 3 MONTHS+ 6 DAYS (NOMINAL) & IS COMMAND RESETTABLE 
TO EXTEND TIME-OUT BY ADDITIONAL 3 MONTH PERIODS 

TIMING ACCURACY: ± 5 PERCENT(± 5 DAYS) 

OPERATING VOLTAGE: + 10 TO+ 14 VOLTS DC 

CURRENT DRAIN: LESS THAN 20 MILLIAMPS STEADY STATE (100 MILLIAMPS PEAK) 

SIZE AND WEIGHT: 2.00" X 1.38" X 2.80" HEIGHT. LESS THAN 7 OUNCES 

CONSTRUCTION: ALL SOLID STATE (EXCEPT RELAY) 
COUNTERS (REGISTERS) ARE RCA COS-MOS 
ALL OTHER ELECTRONIC PARTS ARE DISCRETE 
THREE 2" X 2.8" PRINTED CIRCUIT BOARDS USED 
UNIT IS REPAIRABLE 

7759-6100 

MAJOR RSST DESIGN PARAMETERS (CONT') 

ENVIRONMENTAL: OPERATES FROM -22°F TO +158°F@ SEA LEVEL TO 10"12mmHg. 

20 G-PEAK SHOCK, 14 G ACCELERATION. 

RELIABILITY: 

5.7 G·RMS RANDOM VIBRATION, 

COMPATIBLE WITH MIL-1-26600 AND MSC·ASPO-EMI-10A 

EMI REQUIREMENTS AND ALSEP POWER LINE RIPPLE AND 

TRANSIENT REQUIREMENTS. 

PREDICTED PROBABILITY OF SUCCESS IS GREATER THAN 

.996 PER TWO YEAR OPERATION (ASSUMING RESET AT 

3 MONTH INTERVALS). THE PROBABILITY OF AVOIDING 

AN EARLY TIME-OUT IS PREDICTED AT BETTER THAN .999 

FOR TWO YEARS OF OPERATION. 

7759-6101 
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KEY FUNCTIONS-ALSEP 
RESETTABLE SOLID STATE TIMER (RSST) 

• PROVIDES SPOT LATCHING RELAY CLOSURE AT 3 MONTH TIME-OUT TO DISABLE 

THE DATA TRANSMITTER (VIA PDU TRANSMITTER CONTROL). (COMMAND LINK 

BACKUP FUNCTION) 

• PROVIDES 18 HOUR AND 1 MINUTE CALIBRATION AND UNCAGING PULSES FOR 

COMMAND LINK BACKUP. 

• PROVIDES SHORT CIRCUIT FAILURE PROTECTION. (250 MILLIAMP AT WORST 

CASE FAILURE MODE) 

7759-6102 

KEY RSST FUNCTIONS (CONT') 

• PROVIDES 30 SECOND POWER DROPOUT COUNTER PERIOD RETENTION 

• PROVIDES LOW VOLTAGE AND SLOW POWER TURN-ON PROFILE FAIL-SAFE OPERATION 

(TIMER RESET WILL OCCUR PRIOR TO SPURIOUS TIME-OUT) 

• HOUSEKEEPING TELEMETRY: 

A) 1.5 MONTH +3 DAYS ELAPSED TIME TELEMETRY (EACH COUNTER) 

B) 18 HOUR ELAPSED TIME TELEMETRY (TOGGLE) 

e TEST: CAN BE OPERATED IN "SPEED-UP" MODE WITH AN EXTERNAL TEST SIGNAL 

TO BE TIMED-OUT IN 3 MINUTES IN ORDER TO FULLY TEST ALL FUNCTIONS. 

THE RELAY IS RESETTABLE FOR TEST PURPOSES 

7759-6103 
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FUNCTIONAL BLOCK DIAGRAM-RSST 

7759-6104 
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POWER CONDITIONING UNIT 

PHYSICAL DESCRIPTION 

SIZE - 8. 36 X 4. 14 X 2. 94 IN. 

WEIGHT- 4. 5 POUNDS 

POWER- THE INTERNAL DISSIPATION OF THE POWER CONDITIONING UNIT(PCUl 
DEPENDS ON THE INPUT POWER, THE OUTPUT POWER AND THE REGULATOR 
RANGE. TYPICAL INTERNAL DISSIPATION CURVES ARE SHOWN IN FOLLOW­
ING INFORMATION. 

PARTS COUNT - TRANSISTORS 27 RELAY 1 
DIODES 44 THERMISTORS 4 
ZENER DIODES 4 INDUCTORS ll 
CAPACITORS 71 TRANSFORMERS 8 
RESISTORS 87 

PACKAGING - SEVEN CORDWOOD MODULES ARE MOUNTED ON A ''MOTHER 
BOARD". THERMAL REQUIREMENTS ARE MET BY USING 
MACHINED, GOLD-PLATED, MAGNESIUM CASES FOR THE MODULES. 

CONNECTOR - HUGHES - 88 PIN 
7759-6301 
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PCU FEATURES 

CONSISTS OF REDUNDANT POWER CONDITIONERS WITH BOTH AUTOMATIC AND 
COMMANDABLE SELECTION OF THE STANDBY SECTION. OVER/UNDER VOLTAGES 
ARE SENSED FOR AUTOMATIC SWITCHING FROM PCUIIl TO PCU#2. 

PROVIDES 6 REGULATED DC OUTPUT VOLTAGES WITH NOMINAL VALUES OF+29, 
+ 15, + 12, +5, -6, AND -12 VOLTS. 

CONTAINS FILTERS TO LIMIT OUTPUT RIPPLE VOLTAGE TO BE APPROXIMATELY 
150 MILLIVOLTS PEAK-TO-PEAK. 

OPERATES AT AN EFFICIENCY OF ABOUT 85% WITH A 48 WATI LOAD. 

7759-6302A 

PCU FEATURES [CONT) 

HAS ''rlOLD-OFP' CIRCUIT ON PCIIl TO PREVENT STARTING UNTIL RTG POWER IS 
SUFFICIENTTO PERMIT PCU OPERATION WITH REGULATION. 

TO MAINTAIN THE RTG TEMPERATURE WITHIN SAFE LIMITS, THE PCU HOLDS THE 
RTG LOAD AT A (RELATIVELY) CONSTANT VALUE. 

PROVIDES TM SIGNALS FOR MONITORING RTG CURRENT, RTG VOLTAGE, SHUNT 
REGULATOR CURRENT AND TEMPERATURES. 

PROVIDES RESERVE POWER REFERENCE AND RESERVE POWER LEVEL 51 GNALS 
TO RIPPLE-OFF CIRCUITS IN THE PDU. 

7759-63028 
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TYPICAL RTG/PCU INTERFACE CHARACTERISTICS 

70 3 5 
('--:! r", _,-' 1', ·, ..... 

60 30 

............. /, I ', 5 

1/ ' I I ', ' ·~ ' -~ ~, 

5 -- V=- --- ~ \ 5 -- ---5 

I" I 1'-.. 0 

I I i ............... ~ i 

/ I .............. 
I ! 

50 2 

> 
40w· 20 

~ _.16. 
015. 

30> 1 

20 1 

10 

1 2 3 ., 4.3 5 6 7 8 

4.05 
LEGEND: 

CURRENT, A 

THEORETICAL---

SIMPLIFIED BLOCK DIAGRAM- PCU 

+ RTG 
INPUT 

CMD 060 PCU 1 SEL 
CMD 062 PCU 2 SEL 

- RTG 
INPUT 

- 12 VDC 
+ 29 VDC 
+ 15 VDC 
+ 5 VDC 
- 6 VDC 
+ 12 VDC 

7759-6327 
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PCU 1 DIAGRAM 
PWR RESERVE REF 

lOOK RESERVE PWR SIGNAL 

lOOK ITO ALSEP TMI 

lOOK ITO ASE TMI 

lOOK 

REGULATOR RESISTOR -LOCATED ON 
EXTER lOR OF CENTRAL STATION 
HOLD-OFF CIRCUIT ON PCU 11 ONLY. SWITCH 
IS ASTRONAUT SWITCH S-1 

Q) TYPICAL!! OF61 RECTIFIER/FILTER CIRCUIT. 
FILTER IS COMMON TO BOTH PCU 11 & PCU !2. 

7759-6311 

PCU POWER/THERMAL RELATIONSHIP 

60 

50 

20 

10 

OP[R 
~ 

STBY MIN MAX 

"' "' "' "' f-- OPERATING RANGE ---j 
55 WA TI REGULATOR 

• APPROXIMATE 

REGULATOR EXTERNAL DISSIPATION 

74 WIN 
PCU INTERNAL DISSIPATION 

20 30 40 50 70 
'PCU OUTPUT, WATTS 

80 

7759-6303 



RTG CURRENT AND VOLTAGE TM 
PCU 1 

Kl o--pcu 2 

32.4 
K 

!OK 

(TO ALSEP TMJ 
(TO ASE TMJ 

~~~--------+-------------~K~l~ PCUl o--pcu 2 
7759-6304 

PCU SELECTION FUNCTION 

060 PCU l SEL 
}Pcu 1 

(+) 

RT G {---,-.,---, 
(-) L-------------------+-~-o-r::: 

62 
PCU 2 SEL 

+ l2VDC r-O~V~ER~V~O~LT~AG~E~ 

SENSE 
COMMON 

UNDERVOLTAGE 
SENSE 

}
FROM 

L--------------------------------- COMMON 
Fl LTER 
7759-6305 
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EPS DATA 

FROM RTG FROM PCU FROM PDU 

AR-01 HOT FRAME 1 DEG F AT-36 PCU 1 OSC DEG F AE-07 PCU + 29V OUT 
AR-02 HOT FRAME 2 DEG F AT-37 PCU 2 OSC DEG F AE-08 PCU + 15V OUT 
AR-03 HOT FRAME 3 DEG F AT-38 PCU 1 REG DEG F AE-09 PCU + 12V OUT 
AR-04 CLD FRAME 1 DEG F AT-39 PCU 2 REG DEG F AE-10 PCU + 5V OUT 
AR-05 CLD FRAME 2 DEG F AE-03 PCU IN VOLTS AE-11 PCU - 12V OUT 
AR-06 CLD FRAME 3 DEG F AE-04 PCU IN AMPS AE-12 PCU - 6V OUT 

AE-05 PCU 1 SHUNT AMPS 
AE-06 PCU 2 SHUNT AMPS 

7759-6306 

EPS COMMANDS 

OCTAL CMD NUMBERS 

017 DISSIP R1 ON 

THIS CMD ACTUATES RELAY K-16, IN THE PDU, TO THE POSITION THAT APPLIES 
+29 VDC TO A 7-WATT POWER DISSIPATION RESISTOR, AND IS USED TO OPTIMIZE 
THE LOAD ON THE PCU. 

021 DISSIP R1 OFF 

THIS CMD ACTUATES RELAY K-16, IN THE PDU, TO THE POSITION THAT REMOVES 
+29 VDC FROM THE 7-WATT POWER DISSIPATION RESISTOR. 

022 DISSIP R2 ON 

THIS CMD ACTUATES RELAY K-17, IN THE PDU, TO THE POSITION THAT APPLIES 
+29 VDC TO A 14-WATT POWER DISSIPATION RESISTOR, AND IS USED TO OPTIMIZE 
THE LOAD ON THE PCU. 

7759-6307A 
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EPS COMMANDS (CONT) 

023 DISSIP R2 OFF 

THIS CMD ACTUATES RELAY K-17, IN THE PDU, TO THE POSITION THAT REMOVES 
+29 VDC FROM THE 14-WATT POWER DISSIPATION RESISTOR. 

060 PCU 1 SEL 

THIS CMD ACTUATES RELAY K-01, IN THE PCU, WHICH APPLIES +16 VDC FROM THE 
RTG TO PCU 1 AND SIMULTANEOUSLY DEENERGIZES PCU 2. PCU 1 IS PRESET TO BE 
ENERGIZED AT INITIAL LUNAR ACTIVATION. NOTE THAT THERE IS AN AUTOMATIC 
SWITCH-OVER FEATURE TO PCU 2 IN THE EVENT THE +12 VDC BUS VARIES MORE 
THAN+ 1 VDC. ADDING OR REMOVING ELECTRICAL LOADS (VIA GROUND COMMANDS) 
ON PCU 1 CAN PREVENT THE +12 VDC BUS FROM VARYING OUT OF LIMITS. IN THE 
EVENT AUTOMATIC SWITCH-OVER TO PCU 2 HAS OCCURRED, THIS COMMAND MUST BE 
FLAGGED AS HIGHLY CRITICAL THE CAUSE OF THE SWITCH-OVER MUST BE DETERMINED 
BEFORE THIS COMMAND IS EXECUTED. 

7759-63078 

EPS COMMANDS (CONT) 

062 PCU 2 SEL 

THIS CMD ACTUATES RELAY K-01, IN THE PCU, WHICH APPLIES +16 VDC FROM 
THE RTG TO PCU 2 AND SIMULTANEOUSLY DEENERGIZES PCU 1. NOTE THAT 
AT THE TIME OF LUNAR ACTIVATION, PCU 2 IS DEENERGIZED, WITH NO MEANS 
TO DETERMINE ITS CONDITION. FURTHER NOTE THAT THERE IS !:::!Q AUTOMATIC 
SWITCH-OVER FROM PCU 2 TO PCU 1. THIS SITUATION, THEREFORE, MAKES THIS 
COMMAND HIGHLY CRITICAL THIS COMMAND SHOULD BE EXECUTED ONLY AFTER 
DETERMINING THAT PCU 1 IS ON THE VERGE OF FAILING. 

7759-6307C 



PCU DESIGN FEATURES 

1. SHUNT REGULATOR 

e PROVIDES LOAD FOR RTG 

e ALL POWER IN THE REGULATOR IS AVAILABLE ON DEMAND 

2. STORAGE TIME COMPENSATION 

e REDUCES LOSSES 

e REDUCES RIPPLE 

e REDUCES FILTER SIZE 

3. HIGH FREQUENCY OSCILLATION 

e REDUCES SIZE AND WEIGHT 

PCU DESIGN FEATURES 
(CONT') 

4. AUTOTRANSFORMER FOR +29 VOLT LINE 

7759·6325 

e IMPROVES EFFICIENCY AND REDUCES SIZE AND WEIGHT 

COMPARED TO CONVENTIONAL ISOLATION TRANSFORMER 

DESIGN (NET IMPROVEMENT; 1.0 LBS AND 2.5 WATTS FOR 

ALSEP PCU) 

e IMPOSES CONSTRAINTS TO THE DESIGN 

a. ISOLATION IMPOSSIBLE 

b. POSITIVE VOLTAGE MUST BE GREATER THAN THE 
INPUT VOLTAGE, ASSUMING A BALANCED OUTPUT 

c. NEGATIVE VOLTAGE RESULTS IN A DISADVANTAGE 

d. MAX ADVANTAGE AT INPUT VOLTAGE ·DIMINISHES 
AS OUTPUT VOLTAGE INCREASES 

7759·6326 
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PCU•COMPARISON OF AUTOTRANSFORMER AND 
ISOLATION TRANSFORMER DESIGN 

{OUTPUT POWER IDENTICAL} 

ISOLATION TRANSFORMER DESIGN 
INPUT POWER 64.0 WATTS INPUT POWER 66.5 WATTS 
WATT LOSS 7.7 WATTS WATTS LOSS 10.2 WATTS 
EFFICIENCY 88% EFFICIENCY 85% 

XFMRWT 0.25 LBS XFMRWT 

* EQUIVALENT TO ALL OTHER OUTPUT CIRCUITS .7759-6324 

SHORTING PLUG SCHEMATIC- FLIGHT 1 
r;-:-4========~~;;=====;:===="'=tA,..--~: ll16VGENOUTPUTI+J 
~ "":~~[ ~ 

' ' 

z;!h 1W 

~:'f/ ~H,. v 

;f~~~·d._ __ 
~---'--___/ ·-------i-<: }\GVRETURNI-1 

'' r--} r--JN.C21 

" " 

" " 
" -

9 NO.J(+I 

10 NO.JI-1 

;; :~::::·) 
13 N0.2(+! RTGCOLO 

14 N0.2(-) JUNCTION 

15 N0.31+J 

16 NO.JI-1 

" :W TIMERLINE5 

21 TIMEALINESAETUAN 

~ 

~ 7759-6315 
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PDM -SCHEMATIC 

I P/J6 ---, MANGANIN 
PCU lwiRE 

ICONNE>>RI \ f>241 

I 47. 48

1 
-32 0 1. 2 

- 4.370 I 
I 

4>> I .320 1 

I s??2 1 .320 I 

I -14.37 0 I 
L4~ .320 1 >8 

E""l I 
PDU I 

I CONNE>>>R~~--~~L-)~c>-~------~(r2~12_4130 
I 

143 112~~{l I 9 

I 

4).:; I .320 I 
~ 62.50 I I » I .640 

L---- ____. L-- ___..J 

SHUNT 
REGULATOR NO. 1 
RESISTORS 

PORNO. 1 
(7 WATTS) 

PDR NO.2 
(14 WATTS) 

7759-6319 
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Section 12 

Alsep Test Program 



ALSEP TEST PROGRAM 

ALSEP TEST PROGRAM- THREE PHASES 

1. ENGINEERING EVALUATION- ENGINEERING, PROTOTYPE TESTS 

2. FORMAL SYSTEM PERFORMANCE VERIFICATION 

TESTS- QUALIFICATION TESTS 

3. FORMAL SYSTEM ACCEPTANCE TESTING- FLIGHT ACCEPTANCE 

TESTS 

CONTRACT AWARD 

BREADROARD/ 
BRASS BOARD TESTS 

ENGINEERING 

MODEL TESTS 

PROTOTYPF G 

OUAL A 

PROTO A 

QUAL SA 

PROTO H/C OUT 

QUAL SB 

UUAL C 

fl t I 

f-1 1 ] 

t l T :1 

lASft' 

FLT 4 

FLT A 2 

7759-6400 

ALSEP TEST PROGRAM 
TEST SCHEDULE 

1966 1967 1968 1969 1970 - -- ---
7759-6401 
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ALSEP TEST PROGRAM 
ENGINEERING EVALUATION TESTS 

11 PART- DEVICE TESTS 

21 CENTRAL STATION COMPONENT- PCU, POU, DP, CO, ETC. 

• BREADBOARD 

• BRASSBOARD 

• ENGINEERING MODEL 

• PROTOTYPE 

31 EXPERIMENT 

• DEVELOPMENT- BREADBOARD, STRUCTURAL/THERMAL 

• ENGINEERING MODEL- DVT 

• PROTOTYPE 

41 SYSTEM LEVEL TESTS 

• ENGINEERING STRUCTURAL/THERMAL MODELS 

• ENGINEERING MODEL 

• PROTOTYPE MODEL 

- PROTOG 

PROTO A 

-PROTO B 

- PROTOC 

ALSEP TEST PROGRAM 
SYSTEM PERFORMANCE VERIFICATION TESTS QUALIFICATION 

1) CENTRAL STATION COMPONENT 

• PRE-INTEGRATION ACCEPTANCE (PIA) TESTS 

21 EXPERIMENTS 

• PRE-INTEGRATION ACCEPTANCE (PIA) TESTS 

3) CENTRAL STATION 

• CENTRAL STATION INTEGRATION 

• CENTRAL STATION VERIFICATION 

4) SYSTEM 

• EXPERIMENT INTEGRATION TESTS (EIT) 

• ACCEPTANCE TESTS 

• DESIGN LIMIT TESTS 

• MISSION SIMULATION TESTS 

5) QUALIFICATION MODELS 

• DUAL SA 

• DUAL B 

• DUAL C 

• EASEP- LRRR AND PSEP 

7759-6402 
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ALSEP TEST PROGRAM 
SYSTEM ACCEPTANCE TESTS- FLIGHT ACCEPTANCE TESTS 

1) CENTRAL STATION COMPONENTS 

• COMPONENT PIA 

2) EXPERIMENTS 

• EXPERIMENT PIA 

3) CENTRAL STATION 

• CENTRAL STATION INTEGRATION 

• CENTRAL STATION VERIFICATION 

4) SYSTEM 

• EXPERIMENT INTEGRATION TESTS (EIT) 

• FLIGHT ACCEPTANCE TESTS 

5) FLIGHT MODELS 

• FLIGHTS 1, 2, 3, AND 4 

• FLIGHT A-2 

• EASEP- LARA AND PSEP 7759-6404 

ALSEP TEST PROGRAM 
COMPONENT QUALIFICATION TESTS- NEW A-2, D COMPONENTS 

• TIMER, RSST 

• MULTIPLEXER 

• TRANSMITTERS 

• RECEIVER 

COMPONENT LEVEL TESTING 

• BREADBOARD- BRASSBOARD 

• ENGINEERING MODEL- DVT 

• PROTOTYPE 

• QUALIFICATION 

• FLIGHT 

COMPONENT FLIGHT SPARE TESTING 

• ACCEPTANCE 

FUNCTIONAL 
VIBRATION 
-22°F TO 158°F FUNCTIONAL 

7759-6405 
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AlSEP TEST PROGRAM 
TYPICAl ACCEPTANCE TEST SCHEDULE 

MONTHS 

ht 2ud 3td 

.ANT.VSWR 

~ C/S POWER DISS. 

-ht/IPU 

- RTGLEAK 

-EMI 

• MASS PROPERTIES 

-·VIBRATION SP 1 & 2 

• MODIFIED 1st 

-MAGNETIC PROPERTIES 

• TUMBLE TEST ~p 1 & 2 

• BOVDBOL T
1 
VERIFICATION 

• ANTENN~ AIMING MECHANISM FUNCTIONAL 

THERMAL-VACUUM I 
• RTGBEAM 

• ANTVSWR 

-ANT RAOIATEO P 
I 

• MODIFIED 1s\ 

ALSEP TEST PROGRAM 
TYPICAl QUALIFICATION (DESIGN liMIT) TEST SCHEDULE 

MONTHS 

1st 2nd 3td 

~ D.L VIBRATIONSP 1 H. 2 

• MODIFIED 1" 

-SIIOCKSI'IH.7 

• MOUlt II L> 1 .. 1 

-ACCELERATION SP 1 H. 2 
I 

-RTG LEAR 

I 
-MODIFIED ht 

•• BOVDBOL T VERIFICATION 

MISSION SIMULATION T/V 

• RTG LEAR 

- ANTENNA VSWR 

• ANTENNA AIMING MECH. NCT Fl. 

7759-6407 



ASLEP TEST PROGRAM 
TEST PROGRAM DOCUMENTATION 

11 TEST PROCEDURES ALL DUAL AND FLIGHT PROCEDURES ARE TYPE I DOCUMENTS 

ALL ENGINEERING AND PROTOTYPE PROCEDURES ARE TYPE II DOCUMENTS 

CHANGES BY APPROVED VARIATIONS AND CRD/ECN 

21 PRE AND POST TEST MEETINGS EACH TEST 

3) OTRR AND OAR FOR QUALIFICATION 

41 FTRR AND CARR FOR EACH FLIGHT MODEL 

5) DISCREPANCY REPOIITS, FAILURE REPORTS, FAILURE ANALYSIS REPORTS 

6) TEST REPORTS 

FLIGHT 

QUAL-

PRE AND POST TlST MEfTING MINUTES, AS RUN 
TEST PROCEDURES, DISCREPANCY REPORTS 

SAME AS FLIGHT PLUS ENGINEERING ANALYSIS 

ALSEP CASK ASSEMBLY TEST 
PROGRAM MATRIX 

::; w .. a: 

az .. - Ill N .., .. 
~Q ..J ... ... ... ... ... 

ACCEPTANCE 
l:>- w r r :c r J: 

~~ i " " " " " ~ ~ ~ ~ ~ 
ASSEMBL V OF ACA & INSTRU 
MENTATION INSTAll.ATION X X X X X X 
WEIGHT 8r CG X X X X X X 
LAUNCH VIBRATION X X X X X X 
fUNCTIONAl TILT TEST X X X X X X 
INSPECTION X X X X X X 

-' .. 
" 0 

!1 .. 
0 

X 
X 
X 

X 

QUALIFICATION 

INSTRUMENTATION INSTALLATION 
ON· PAD COOliNG SIM ----------------------------x 
THERMAL VAC SLA ()N 
THERMAL VACSLA OFF 
SLA OFF SOLAR SIMON 
INSPECTION 
~ LAUNCH VIBRATION 
Y LAUNCH VIBRATION 
)( LAUNCH VIBRATION 
X UlNAR Df.SC£NT 
X SHOCK 
Y LUNAR DES(:FNT 
V SftOCK 
/LUNAR DfSCENT 
/SHOCK 
FUNCTIONAL TILT 
INSPFCTION 

X 
X 
X 

--------------------------x 

7759-6408 

... 
J: 

" ~ 
~ 
0 

X 
X 
X 

X 

77596432 
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ALSEP TEST PROGRAM 
CENTRAL STATION POWER DISSIPATION 

e OBJECTIVE 

- OBTAIN CENTRAL STATION POWER CHARACTERIZATION 

• TEST ITEM 

-CENTRAL STATION 

e TEST METHOD 

-CENTRAL STATION POWER CONSUMPTION UNDER VARIABLE LOADS 

-CALIBRATE HK-1 AGAINST ACTUAL INPUT VOLTAGE 

-CALIBRATE HK-5 AGAINST ACTUAL INPUT CURRENT 

- DETERMINE RANGE OF SHUNT REGULATORS IN PCU'S 

-CALIBRATE HK-8 AND HK-13 AGAINST ACTUAL SHUNT REGULATOR CURRENTS 

-,MEASURE COMMANDABLE HEATER POWER AND PDM POWER 

-VERIFY RIPPLE OFF CIRCUITRY 

7759-6409 

ALSEP TEST PROGRAM 
AMBIENT 1ST 

e OBJECTIVES 

ASSURE CORRECT FUNCTIONAL PERFORMANCE OF ALSEP AS A SYSTEM: 
CENTRAL STATION, ALL EXPERIMENTS AND RTG 

OBTAIN A BASELINE SYSTEM TEST PRIOR TO SUBSEQUENT 
ENVIRONMENTAL TESTS 

e TEST ITEM 

ALSEP CENTRAL STATION, ALL EXPERIMENTS, RTG 

e TEST METHOD 

DRIVE RTG WITH EFC; VERIFY POWER OUTPUT CHARACTERISTICS 

TURN ON CENTRAL STATION, VERIFY PROPER OPERATION AND STATUS 

TURN ON EXPERIMENTS, VERIFY RESPONSE TO COMMANDS AND 
CORRECT FUNCTION OF EACH EXPERIMENT PRIOR TO TURN ON 
OF ADDITIONAL EXPERIMENTS 

WITH EXPERIMENTS ON, SEND ALL COMMANDS, VERIFY CORRECT 

CENTRAL STATION AND EXPERIMENT OPERATION 7759-6410 



ALSEP TEST PROGRAM 
SYSTEM EMI 

e OBJECTIIVE 

ASSURE ALSEP COMPLIANCE WITH RADIATED AND CONDUCTED 
SUSCEPTIBILITY AND INTERFERENCE 

e TEST ITEM 

DEPLOYED ALSEP SYSTEM WITH EXPERIMENTS 

e TEST METHOD 

CONDUCTED INTERFERENCE, 15KHZ TO 25 MHZ 

CONDUCTED SUSCEPTIBILITY, 50 HZ TO 250 MHZ 

RADIATED INTERFERENCE, 150KHZ TO 10 GC 

RADIATED SUSCEPTIBILITY, 15KHZ TO 10 GC 

TRANSIENT CONDUCTED 7.5 V. 10~SEC,PULSES 

RECEIVER REJECTION, 150KHZ 'tO 10 GHZ 

ALSEP TEST PROGRAM 
SYSTEM STRAY FIELD MAGNETIC PROPERTIES 

e OBJ£CTIVF 

l STAllliSI-I JIIAT MAGNf TIC Fll IUS I'IH>I>Ut:f 0 llV ALSFP Wilt 

tU < O.:l!l (iAMMA AT THL I OCA liON OJ LSM 

e TEST ITEM 

DEPLOY EO ALSEP SYSTEM 

e REQUIREMENT 

< 0.25 GAMMA AT LSM, NORMALLY DEPLOYED 150 FEET) 

< 10 GAMMA AT 10 FEET, AS TESTED 

e TEST METHOD 

CENTRAL STATION, SWS, SIDE. PSf SETUP IN CHAMBER PER EMI 
TEST LAYOUT, TEST MAGNETOMETER I'HOBE AT LSM POSITION 

(10 FEET FROM CENTRAL STATION) 

X, Y,Z STRAY FIELDS MEASURED WITH CENTRAL STATION ON, 
EXPERIMENTS IN STANDBY. EXPERIMENTS TURNED ON IN SEQUENCE 

CHAMBER FACILITY CALIBRATED (EMPTY I WITH TEST MAGNETOMETER 
PROBE TO ADJUST FOR DISTORTION PRODUCED BY CHAMBER 

7759-6411 

7759-6412 

;;;-7 



ALSEP TEST PROGRAM 
STOWED MAUNE TIC PhOI'IIHII S 

e OIIJ£CTIVE 

OETlRMINf:: lHf PlltMANENT ANI> IUMANlNJ MACIN(TIC f IFLOH Of AI HlP 

e TEST ITEM 

SUBPACKAGES 1 AND 2 STOWED 

e TEST REQUIREMENTS 

PERMANENT FIELD AT 10 FEET <1DGAMMA 

REMANENT FIELD AT 10 FEET <60 GAMMA 

e TEST METHOD 

SUBPACKAGE IN HELMHOLTZ COIL 

DEGAUSS 

MEASURE PERMANENT FIELD AT 10 FEET. SIP ROTATED IN EACH AXIS 

STANOAROI~E . APPLY 26 GAUSS D.C. FIELD. EACH AXIS IN TURN 

MEASURE REMANENT FIELD AT 10 FEET.S/P ROTATED IN EACH AXIS 

DEGAUSS 

RE·MEASURE PERMANENT FIELD AT 10 FEET 

ALSEP TEST PROGRAM 
VIBRATION TEST 

e OBJECTIVE 

VERIFY ABILITY OF SUBPACKAGES TO WITHSTAND 
ACCEPTANCE LEVEL VIBRATIONS 

e TEST ITEM 

SUBPACKAGES 1 AND 2 

e TEST METHOD 

ONE SINE AND TWO RANDOM VIBRATIONS IN EACH OF THE THREE 
PRINCIPAL ALSEP AXES 

7759-6413 

VISUAL MONITORING DURING TEST AND INSPECTION AT TEST COMPLETION 

EACH SUBPACKAGE VIBRATED SEPARATELY WHILE NON-OPERATING 

ACCEPTANCE LEVELS ARE AT ANTICIPATED FLIGHT INDUCED. 
QUAL LEVELS ARE 1.3 TIMES HIGHER THAN ACCEPTANCE FOR 
SINE AND 11.312 TIMES HIGHER FOR RANDOM 

7759-6414 

J:<-3 



ALSEP TEST PROGRAM 

PEAK 
ACCELERATION 

(gl 

(ALSEP SUBPACKAGESI 

5 14 100 

FREQUENCY (CPSI 

ALSEP TEST PROGRAM 
L & B X-AXIS (SP-1&2) 

~"' 
FREQUENCY (CPS) 

IALSEP SUBPACKAGESI 

.006 

.003 

7759-6415 

L&BY-AXIS ISP-1&21 

LUNAR QESCENT 
X. Y. Z AXES (SP-1&21 

r-
7759-6416 



ALSEP TEST PROGRAM 

SHOCK TEST (QUAL ONL VI 

e OBJECTIVE 

- VERIFY ABILITY OF SUBPACKAGES TO WITHSTAND QUAL LEVEL SHOCK 

e TEST ITEM 

- SUBPACKAGES 1 AND 2 

e TEST METHOD 

3 SAWTOOTH SHOCK PULSES IN EACH OF THE •X. ~Y. fZ ALSEP AXES 

SHOCK PULSES ARE 15 G. 11 MILLISECONDS. SAWTOOTH PULSES 
PER MIL-STD-810B 

EACH SUBPACKAGE TESTED SEPARATELY WHILE NON-OPERATING 

ALSEP TEST PROGRAM 

ACCELERATION TEST (QUAL ONLY) 

e OBJECTIVE 

VERIFY ABILITY OF SUBPACKAGES TO WITHSTAND QUAL 
LEVEL ACCELERATION 

e TEST ITEM 

SUBPACKAGES 1 AND 2 

e TEST METHOD 

14 G ACCELERATION FOR ONE MINUTE IN +X ALSEP AXIS 

7759-6417 

EACH SUBPACKAGE TESTED SEPARATELY WHILE NON-OPERATING 

7759-6418 
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ALSEP TEST PROGRAM 
THERMAL VACUUM TEST 

e OBJECTIVE 

TO VERIFY SYSTEM START UP ANO OPERATION UNDER SIMULATED 
LUNAR VACUUM AND TEMPERATURE CONDITIONS 

e TESTITEM 

- DEPLOYED ALSEP SYSTEM WITH RTG 

TEST SEQUENCE 

OPEN DOOR 1ST 

LUNAR MORNING 1ST• 

LUNAR NOON 1ST" 

CROSSTALK TEST" 

LUNAR NIGHT 1ST• 

OPEN DOOR 1ST 

•1o·s TORR 
7759-6419 

;).-!! 



~~-lit 





/:?-l't' 





















Section 13 

Alsep Test Equipment 



-

ALSEP TEST EQUIPMENT REQUIREMENTS 

1. CENTRAL STATION 

MODULES 

COMPONENTS 

DATA SUBSYSTEM 

2. EXPERIMENTS 

3. SYSTEM 
7759-6600 

ACCEPTANCE TEST FLOW SUMMARY 

COMPONENT 
CENTRAL 

1-- STATION I--
TEST 

INTEGRATION 

SUBSYSTEM SUBSYSTEM 

ENVIRONMENTAL f-- PERFORMANCE r---
TESTS TESTS 

SYSTEM SYSTEM 
INTEGRATION ~ PERFORMANCE 1--

TESTING TESTS 

4 
I l 

VENDOR 0- PRE INTEGRATION 
ACCEPTANCE TESTS 
TESTS I (PIAl 

I 
I 

AT I AT 
VENDOR'S-f-BENDIX 
FACILITY 

7759-6501 

13-1 
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TYPICAL IN-HOUSE COMPONENT 
FLOW DIAGRAM 

INDIVIDUAL CHECKOUT OF 

BOARD ~ 
ALL BOARDS 1-1--

HOT (+15B°FI 

CHECKOUT 
WITH COLD (·22°FI 

MOTHERBOARD TEST 

COMPLETE PREINSTALLATION 

ASSEMBLY OF 1--- ACCEPTANCE (P/AI 1-4-
TO 

COMPONENT TEST 
DSS 

HOT-COLD-AMBIENT 
INTEGRATION 

~ 

7759-6502 

13-~ 
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ALSEP PCU TEST SET c 

13-~ 



ALSEP PDU TEST SET 

ns9-6505 
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ALSEP DSS DOWNLINK TEST SET 

7759-6508 





CENTRAL STATION INTEGRATION 

7769·6510 

13-/0 
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SYSTEM TEST FLOW 

CIS EXPERIMENT SUB PACK 
CIS ---------

VERIFICATION ~ INTEGRATION - BUILDUP ~ POST ASSY 1--
VERIFICATION 

1-
CIS STOW 
POWER t-- 1ST 1-- EMI 

..,.__ 
& 1-- MIST ..,.__ 

DISSIPATION MECHANICAL 

I.- DEPLOY t-- THERMAL 1-- STOW ~ MIST& 
VACUUM RADPOWER 

7769-6612 

BASIC SYSTEM TEST SETIUP 

~ 
PDM 
SIMULATOR ,.... CENTRAL STATION 

r--- RTG 

I I 
SIMULATOR 

BOB 11 BOB II EXP ..... EXP 
STIMULUS 

I 
RECORDER 
UNIT 

L EXP I MAGTAPE 
HSPRINTER 

t 
STS 

~..,.. DATA UNIT STS 
UPLINK - DOWNLINK - PROGRAMMER 
EXPERIMENT INTERFACE SIMULATOR PROCESSOR 

7769·6613 

13-1~ 
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SYSTEM TEST SET CAPABILITIES 

1. UPLINK SIGNAL GENERATION 5 .. 

2. DOWNLINK SIGNAL RECEPTION 

3. DOWNLINK SIGNAL RECORDING 

4. DOWNLINK SIGNAL PROCESSING 

DECOMMUTATION 6. 

LIMIT CHECKING 

D/A CONVERSION 

·' 

DISPLAYS 

POWER/FREQUENCY 

PRINTER 

ANALOG STRIP CHART 

CIS INTERFACE DIGITAL & 
ANALOG SIMULATION 

LOADS 

VOLTAGE/CURRENT 

PULSE CHARACTERISTICS 

SIGNAL CONDITIONING 

EXPERIMENT DATA SIMULATION 

7159-6515 

SYSTEM TEST SET BLOCK DIAGRAM 
PROGRAMMER 
PROCESSOR 

AUTO 
COMMANDS 

DO~ liNK 

SIMULATI!O 
DATA 

TIMIN1 

DATA 

EXP 
INTERFACES 



!3-IS 



DER .UNIT 

7759-6818 

/..J -/~ 
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DOWNLINK 
DATA 

STS PROGRAMMER PROCESSOR 
BLOCK DIAGRAM 

PAPERTAPE 
READER 

PRINTER j 

..... COMPUTER STRIP.-
4K X36 BIT WORD 2~S A-D 

~ CHART CONVERTER 
RECORDER 

t 
TELETYPE J 

7769-8620 

"-~-· 

STS PROGRAMME~ PROCESSOR 
·MAIN SOFTWARE 

PROGRAMS: 

EXECUTIVE 
DECOMMUTATION 
LIMIT TABLE OVERLAY (CMALT) 

FUNCTIONS: 

MACHINE CONTROL 
DECOMMUTATION OF MAIN FRAME & 

HOUSEKEEPING INCLUDING PSE DATA 

LIMIT CHECKING 

CONVERTS SEISMIC DATA FOR ANALOG 
RECORDING 

PRINT HK DATA ON OT OR CHANGE FLAG 
CONDITIONS .. ---- ·- .• 
CONTINUOUS PRINT AVAILABLE ON DEMAND 

PRINT COMMAND TRANSMISSION AND VERIFICATION 

PRINT STATION IDENT, MODE, TIME & PROCESSOR STATUS 



STS PROGRAMMER PROCESSOR 
EXPERIMENT SOFTWARE 

PROGRAMS: 

FIXED BASIC ROUTINE 
VARIABLE LIMIT TABLE OVERLAY 
TEMPERATURE MONITORS 
SPECIAL ROUTINES 
ASE PROGRAM 

FUNCTIONS: 

SUBFRAME DECOMMUTATION 

COMMAND TRACKING 

AUTOMATIC COMMAND SEQUENCING·- SWS 

PRINT EXPERIMENT DATA FORMAT ON CHANGE OR OT FLAG 
CONTINUOUS PRINT AVAILABLE ON DEMAND 

DATA ANALYSIS-
SWE DATA AVERAGING 

HFE- GAIN, OFFSET 8o DIFFERENCE RATIO 
CALCULATIONS 

LOG DECOMPRESSION FOR ASE SEISMIC DATA 7759-6522 

13-17 





RTG SIMULATOR BLOCK DIAGRAM 

POWER SOURCE 

SUPPLY IMPEDANCE 
SIMULATION 

OUTPUT 

RTD 
SIMULATOR 

METERING PDM 
CIRCUITS SIMULATOR 

7759-6524 



Section 14 

~------- ·--

Alsep Reliability 



ALSEP RELIABILITY REQUIREMENTS 

e CAPABLE OF OPERATING FOR AN EXTENDED 
PERIOD OF TIME IN A HOSTILE LUNAR ENVIRONMENT 

e EACH EXPERIMENT & MAJOR SUBSYSTEM HAS A RELIABILITY 
GOAL OF (.99), FOR 1 YEAR OF OPERATION 

e ALSEP SYSTEM MUST HAVE MAXIMUM RESISTANCE TO 
SINGLE POINT FAILURE SOURCES 

e FAILURESHALLNOTPROPAGATETHROUGHOUTTHE 
SYSTEM 

7759-6600 

RELIABILITY PROGRAM 

• DEVELOP A RELIABILITY PROGRAM PLAN BASED 

ON NPC 250-1 

• DEVELOP RELIABILITY GUIDELINES FOR SUB­

CONTRACTORS 

7759·6601 

~~-I 



KEY RELIABILITY FUNCTIONS 

e RELIABILITY PROGRAM MANAGEMENT 

e SUBCONTRACTOR & SUPPLIER CONTROL 

e RELIABILITY PREDICTIONS 

e FAILURE MODES EFFECTS & CRITICALITY ANALYSES 

e DESIGN REVIEW & CHANGE REVIEW 

e PARTS & MATERIALS 

e FAILURE REPORTING, FAILURE ANALYSIS & 

CORRECTION ACTION 

• TEST EVALUATION 
e SPECIFICATION, DRAWING, AND PROCEDURE 

REVIEW & APPROVAL 

• DOCUMENTATION 

SYSTEM RELIABILITY APPROACH 

ANAlYZE SYSTEM DESIGN CONSTRAINTS 

ANAlYZE ARRAY CONFIGURATION 

IDENTIFY INCOMPATIBiliTIES BETWEEN 

SYSTEM REliABiliTY & PROPOSED 

ARRAYS EMPlOYING MATH MODEliNG 

& PREDICTION TECHNIQUES 

PERFORM TRADEOFF ANAlYSES FOR 

DESIGN REliABiliTY OPTIMIZATION 

WITHIN PROGRAM CONSTRAINTS 

7759-6602 

7759-6603 



·----------···--- _ .. 

CENTRAl STATION UPLINK ELECTRONICS 
SIMPliFIED RELIABILITY BLOCK DIAGRAM 

COMMAND RECEIVER COMMAND Of(;OOE R 

ELEMENT IN STANDBY 

=ARRAY OCONFIGURATION 

7759-6604 

DOWNLINK ELECTRONICS RELIABILITY FEATURES 

FULL REDUNDANCY FOR EXPERIMENT SCIENCE 

DATA HANDLING 
TRANSMITTER IS STANDBY REDUNDANT 

WI AUTOMATIC AND COMMANDABLE SWITCHOVER 

CAPABILITY 
DATA PROCESSOR, STANDBY REDUNDANT 

MULTIPLEXER PARTIALLY REDUNDANT FOR 

CRITICAL HOUSEKEEPING STATUS DATA 

REDUNDANT A/D CONVERTERS 
COMPLETE MULTIPLEXER REDUNDANCY 

FOR ARBAY A 2 & 0 

7759-6605 



CENTRAL STATION DOWNLINK ELECTRONICS 
SIMPLIFIED RELIABILITY BLOCK DIAGRAM 

LEfiENO 
--- f LIMI NT IN STANDBY 

== AUHAVA2&l>ONLY 

POWER SUBSYSTEM 

POWER CONDITIONING UNIT, STANDBY RE­

DUNDANT WITH AUTOMATIC AND COMMAND­

ABLE SWITCHOVER CAPABILITY 

POWER DISTRIBUTION UNIT, SELECTED PIECE­

PART REDUNDANCY TO PRECLUDE SINGLE POINT 

FAILURE SOURCES 

RTG HAS LATTICE NETWORK REDUNDANCY 

1759-6606 

7759-6607 
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FAILURE MODES, EFFECT, 
AND CRITICALITY ANALYSES 

IDENTIFY ALL SINGLE POINT FAILURES 

ELIMINATE OR REDUCE SINGLE POINT 

FAILURES 

DESIGN TO MINIMIZE THE RISK OF SINGLE 
POINT FAILURES {I.E., LOW PROBABILITY OF 
OCCURRENCE) 

EVALUATE CRITICIALITY OF ALL FAILURE MODES 
TO ESTABLISH PRIORITY FOR RELIABILITY 
ENHANCEMENT {I. E., REDUNDANCY SIMPLIFICATION, 
STRESS DERATING, ADDITIONAL PROCESS CONTROL) 

SUBCONTRACTOR CONTROL 

REVIEW & APPROVE SUBCONTRACTOR RELIABILITY 
PROGRAM PLAN 

MAINTAIN SUBCONTRACTOR RELIABILITY LIAISON 

PROVIDE TECHNICAL DIRECTION ON ALL RE­

LIABILITY ACTIVITIES 

REVIEW & APPROVE ALL PARTS & MATERIALS 
SELECTED 

CONDUCT PERIODIC RELIABILITY PROGRAM 
REVIEWS 

REVIEW & APPROVE FAILURE ANALYSIS 
REPORTS 

7759-6608 

7759-6609 
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.. 
I+-

L.., 

ALSEP FAILURE REPORTING & CORRECTIVE 
ACTION SYSTEM 

RELIABILITY 
INVESTIGATE IDENTIFY FR TWX FAILURE 

REVIEW 
OF ~ ALL POTEN- ~ REQUIREMENT f+. NOTIFICATION 

ALL DR's 
TIAL FAILURES ON DR's TOMSC 

I 

PREPARE 
PARTICIPATE LABORATORY 

INITIATE 

FAILURE 1+- IN TEST I+- DIAGNOSIS t+- !cORRECTIVE 

REPORT 
ARTICLE OF FAILED ACTION(S) 
TROUBLESHOOTING PART(S) 

I 

COMPLETE SUBMIT FARS CLOSEOUT MAINTAIN & 
FAILURE 

~ TOMSC FOR ~ FARS VIA I+- DISTRIBUTE FR 
ANALYSIS CLOSEOUT MSC LETTER MONTHLY STATUS 
REPORT 

7759-6610 

PARTS AND MATERIALS PROGRAM 

• 

• 

DEVELOP AND PUBLISH AN APPROVED 
PARTS AND MATERIALS LIST FOR ALSEP 

USAGE 
ESTABLISH PART SELECTION PREFERENCE 
AND HI-REL REQUIREMENTS 

• SELECT PARTS 

7759-6611 

ltf-(, 



PARTS AND MATERIALS PROGRAM (CONT') 

--- "-- --" 

• PREPARE SPECIFICATION CONTROL DRAWINGS 
• PARTICIPATE IN FAILURE ANALYSIS ACTIVITIES 
• CONDUCT PART EVALUATION TESTS 
• APPROVE SUBCONTRACTOR PARTS AND 

MATERIALS SELECTIONS 
• CONDUCT SCREENING AND BURN-IN 

HOW HIGH IS "HI-REL" 

• NASA/APOLLO AND MINUTEMAN 
• NASA/MSFC, JPL 
• MIL-ER AND MIL-TX SERIES 

7759-6612 

• INDUSTRY HI-REL (MEG-A-LIFE, SURE, ETC) 
• MIL SPEC AND BURN IN 
• NON-MIL SPEC AND BURN IN AND LOT 

ACCEPTANCE. 

7759-6613 
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PARTS SELECTION FLOW 

PART 
APPROVED NO 

FUNCTIONAL f-+- PARTS LIST 
REQUIREMENT 

~ IDEP 
APPROVED I ~ES APMML 
BILL OF MAT'L MM LIST l YES BX PRIOR USE 

tNo NON-MI L..SPEC 
PART+ 

YES 
MIL-STD 

RESPECIFY ...... ·SCREENING + PART+ 
REQUIREMENT LOT ACC NO SCREENING 

TESTS 
7659-6614 

PARTS APPLICATION ANALYSES 

• COMPUTERIZED (ECAP) Cl RCUIT ANALYSES 
• PART DERATING 

CAPACITORS-ELECTROL YTIC-60% VOLT 
RESISTORS 50% POWER 
SEMICONDUCTORS 50% VOLTAGE 

50% CURRENT 
T J = 140°C MAX 

TRANSFORMERS, & COILS 15° CRISE 

7759-6615 



TYPES OF PART1S TESTS 

QUALIFICATION 
LOT ACCEPTANCE 

GROUP"A" 
100%- FUNCTIONAL 
& ENVIRONMENTAL 
(NON-DESTRUCTIVE) 

GROUP "8" 
SAMPLE 
MECHANICAL 
ENVIRONMENTAL 

GRDUP"C" 
SAMPLE 

LIFE 
GROUP"B" 

-

TYPES OF PARTS TESTS [CONT') 

SCREENING & BURN IN 
100% 
EXERCISE RATED STRESSES 
TIME COMPATIBLE WITH INFANT MORTALITY 
DELTA LIMITS 
LOT REJECTION CRITERIA 

7769-6616 

7759-6617 
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% "HI·REL'' PARTS. IN CENTRAL STATION 

QTY % --
CAT NAA/ APOL/MM 270 ... } 

2 NASK/MSFC/JPL 147 ~:.2 86.8 
3 ER ETX 1071 

4 INDUS HI·REEL 1153 37.9 

5 MIL +SCREEN 244 8.0 
} 13.2 

6 NON·MI L +SCREEN 159 tli.2 

TOTAL 3044 100.0 

7759·6618 

SIGNIFICANT DESIGN IMPROVEMENTS 

1. MULTIPLEXER 
REPLACED EPOXY SEMICONDUCTORS WITH 
HERMETIC-SEALED DEVICES. 
REDESIGNED MULTIPLEXER WITH MOS 
FETS, COMPLETELY REDUNDANT 
(A2 ALSEP) 
REDESIGNED A/D CONVERTER. 
INTEGRATED SYSTEM (ARRAY D) 

2. RECEIVER, COMPLETELY REDUNDANT 
(ARRAY D) 

3. SOLID STATE TIMER (A2 & ARRAY D) 
7759·6619 

11./-10 



SOLID STATE TIMER 

• RELIABILITY- 996 FOR 2-YEAR OPERATION 
• DESIGNED TO PREVENT PREMATURE SYSTEM 

SHUTDOWN 
• REDUNDANT THREE-MONTH COUNTERS 
• POWER INTERRUPT CAPABILITY FOR 2 

MINUTES WITHOUT RESETTING COUNTERS 

7769-6620 

A·2 MULTIPLEXER PART COUNT 
-··- --- ~-

PERCENT PART 
OLD A-2 REDUCTION 

PART TYPE DESIGN DESIGN CHANGE 

J-FET 160 --- -NA-

MOS-FET --- 17 -NA-

MOS iNTEGRATED 
8 -NA-CIRCUIT --· 

-
BIPOLAR INTEG CCT 22 --- -NA-

TRANSISTORS 191 4 98% 

DIODES 326 4 99% 

CAPACITORS 163 2 99% 

RESISTORS 33 33 0% 

THERMISTOR 1 1 0% 
; 

TOTAL 896 69 >92% : 

/'1-1/ 



-----··--· -·---·--------···--·- ···----·-----·-·-------

pARTS RELIABILITY IMPROVEMENTS 
ITEMS 

TYPE 2N4012 
TRANSISTORS, 
TRANSMITTER 
POWER AMPLIFIER 

DUAL TRANSISTOR 
FLATPACKS 

MAGNETIC 
LATCHING 
RELAYS 

PROBLEMS AND SOLUTIONS 

SHORT LIFE LEAKAGE FAILURE MODE 
ELIMINATED BY ALTERNATE SOURCE 
EQUIVALENT TYPE, QUALIFIED FOR 
UNIQUE ALSEP APPLICATION 

POTENTIAL INTERNAL WIRING DEFECTS 
PER NASA ALERT. ALSEP PARTS RETURNED 
TO VENDOR FOR X·RAY SCREENING PRIOR 
TO FLIGHT USE 

LOOSE GETTER PARTICLES CITED PER 
NASA ALERT. BENDIX "NEW TECHNOLOGY" 
TECHNIQUES DEVELOPED TO REMOVE 
SUSPECT UNITS 

7759-6622 

PARTS RELIABILITY IMPROVEMENTS (CONT') 

ITEMS 

CIRCUIT 
BREAKER 
RELAYS 

FET 
SEMICONDUCTORS 

OPERATIONAL 
AMPLIFIERS 

PROBLEMS AND SOLUTIONS 

OSCILLATING MODES DURING SLOW 
RISE LOADING CORRECTED BY ADDING 
BACKUP OVERLOAD RELAY TO 
ELIMINATE "CUT-THROAT" DESIGN 

PREMATURE TURN OFF PROBLEM 
AT LOW TEMPERATURE IN MUX GATE 
CIRCUITS CORRECTED BY SELECTION 
OF FET FOR PINCH OFF VOLTAGES UNIQUE 
TO ALSEP APPLICATION 

DEGRADATION OF A702A OP AMP IN 
CPLEE TRACED TO HIGH LEVEL TRANSIENTS. 
ELIMINATED BY CURRENT LIMITING RESISTORS 

7759-6623 

!tf·l~ 



PARTS RELIABILITY IMPROVEMENTS (CONT') 

-------~---·---------------- ·-- --- ---------------------
ITEMS 

PRINTED 
CIRCUIT 
BOARDS 

M1000.10172 
THERMOSTATS 

PROBLEMS AND SOLUTIONS 

MOUNTING OF LOGIC BOARDS IN 
CPLEE MODIFIED TO ELIMINATE 
BOWING AND STRESS ON SOLDERED 
CONNECTIONS 

BxA EVALUATION TESTS TO VERIFY 
CONTACT RESISTANCE DEGRADATION CITED 
BY NASA ALERTS. GOLD CONTACTS AND 
STABILITY SCREENING TESTS IMPLEMENTED 
ON PARTS PRIOR TO FLIGHT USE 

7769-6624 

•- --- ---~--------- --~--·----------------·-'------ --·-

PARTS ___ REIIABILITY IMPROVEMENTS (CONT') 

ITEM 

2N2222/ML 3C 
TRANSISTORS 

OPERATIONAL 

PROBLEMS AND SOLUTIONS 

MARGINAL INTERNAL WIRING CONDITIONS 
CITED BY NASA ALERT. ALSEP PROCURE· 
MENT CHANGED TO ELIMINATE USE OF 
PARTS FROM SUSPECT SUPPLIER 

MOISTURE SUSCEPTIBILITY OF JJ.709 
TYPES CITED BY NASA ALERT. ALSEP 
PROCUREMENT CHANGED TO JJ.741 
TYPE RECOMMENDED BY ALERT. 

7769-6626 

/tf-13 



RELIABILITY OF ALSEP UPLINK & 
--DOWNLINk --ARRA'fl~B,-&-c 

.. 

PIII08AHILJTV Of IUCCUI 0" PROCUIINO 
0 AND UPLINK COMMAND 

o ~~~~~~~~~;,Y,~rM•Iu~;~~f~~:~ ~~~~~ 

oo,L..--!1,_, --:!,.~-~~ ~----i--+---i -· t -·---7--+---+ -- --f -{ 
MONTHI AIMAININQ IN MIUION 1 VA /MilS/ON TIME I 

PROBABILITY OF SUCCESSFULLY RECEIVING 
CFE EXPERIMENT OAT A 

,10 

10 I 7 t I l-t 
MONTHI IIIIMAININO IN MilliON 1 VA /MilliON COMPLITrl 

7759-6627 



Section 15 

Dust Detector 
Experiment 



-·-·-·~··---·-··- --~---~-------- ----- -·---· ·--

DUST DETECTOR EXPERIMENT HISTORY 
SEP 65 

SEP 68 

DEC 68 

JULY 69 

NOV69 

DR. B.J. O'BRIEN PROPOSAL 
(ACCEPTED AS ALSEP HOUSEKEEPING) 

3 RADIATION· RESISTANT SOLAR CELLS 
AND 3 THERMISTORS, 0.3 LB ·. 0.5 WATT,· 

10 BITSlsECOND 

PROPOSAL WITHDRAWN 

DTREM I PROPOSED 

DTREM I ASSIGNED TO EASEP 

DTREM II ASSIGNED TO APOLLO 12 AND UP. 
RETROFIT TO APOLLO 14 ONL V. 

8 
DTREM I DATA, O'BRIEN REPROPOSAL ~ 

.... 
MSFEB APPROVES M516-LUNAR DUST EXPERIMENT " 

DUST DETECTOR FLIGHT ASSIGNMENT 

P.l. CO·P.I. 

APOLLO 11 DTREM I NONE 

12 DOE O'BRIEN FRED EN 

13 DOE FREDEN O'BRIEN 

14 DTREM II FRED EN O'BRIEN 

16 DTREM II FREDEN O'BRIEN 

16 NONE 

7759-6701 

IS-I 



OBJECTIVE: 

METHOD: 

FREDEN 

O'BRIEN 

HICKSON 

DUST DETECTOR EXPERIMENT 

MEASURE EAST, WEST, HORIZONTAL 
DUST TO±. FEW PER CENT 

CELL ENERGY BALANCE 

l (f T • - 4 s. cos rl> +SMALL ERRORS 
CELL 

MEASURE CELL CURRENT AND TEMPERATURE TO 
GET 4/E FOR DUSTY CELL. 

CELLS ARE UV AND PROTON RADIATION RESISTANT. 

DTREM II OBJECTIVES 
PROTON DOSE (OAMAGEI TO SOLAR CELL IN 
THREE ENERGY INTERVALS. 

BARE CELL 0 _. oO MEV PROTONS 

&MIL CELL 
20 MIL CELL 

4.5 --+-
9MEV -+ 

MEASURE HORIZONTAL DUST TO:!:. FEW%. 

(11 MEASURE LUNAR SURFACE BRIGHTNESS 

TEMPERATURE (TO:!:. 1 KELVIN AT NIGHTI 
•FOURTH ROOT OF ENERGY FROM SURFACE 

(21 GET RANGE OF LUNAR SURFACE THERMAL 

INERTIA PARAMETER, "Y • 1/ '\{'kPc 

(31 MEASURE ANGULAR DEPENDENCE OF 

LUNAR SURFACE IR EMISSION. 
(NON·LAMBERTIAN EMISSIONI 7769·6703 
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CELL 2 
(VERTICAL! 

CELL I 
(NOMINALLY 

WESTl 

DUST DETECTOR 

CELL 3 
(NOMINALLY 

EAST! 

•TO ASSESS DUST ACCRETION ON PSEP & INFER 
DEGRADATION OF THERMAL SURFACES 

• USES THREE 2 CM X 2 CM PHOTOCELLS, EACH HAVING: 

•BLUE FILTER TO CUT OFF UV BELOW 0.4 MICRONS 
•0.060-IN. FUSED SILICA RADIATION PROTECTION 
•THERMISTOR ON REAR TO MONITOR TEMP 

NOTE: AT PSEP 
TURN-ON, FLIP-FLOP 
CAN BE EITHER ON 

AMPLIFIERS 
(3) 

•I Yo I> 

-1"•1 
•12•2 ... 
2jo5 ..... 

7759-6705 
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PULL-PIN FASTENERS 

• SPRING-LOADED DETENT BALLS 

• USED FOR SHEAR CONNECTIONS ON: 
- PSEP/LM INTERFACE 
- BOOM & HANDLE ASSEMBLY 
- SOLAR PANEL RESTRAINTS 
- ANTENNA TIE-DOWN 

7759-6706 

DTREM PACKAGE-APOLLO 11 

~lll»>'lilllotlloJiiml, 
10 loiV1'f\ IMtkt'(l 

hy 0. O':t 111111 miloii!IY 

m.llttiC, 

p.unlt~l w1lh 
\ I~; IM!!tl 7759-6707 

;s-r 
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Passive Seismic 
Experiment Package\ 

,,,,Antenna 

.Astronaut handle 
I 
I 
I I 

I 

Antenna cable..... \ 
I 

I 
I 

I 

:Solar panel 

Isotope '-,,, \ 
heater.... ' .. ,, 

............. 
\~!'0 ~ 

' ' ....._ ..... - .... ;jf,~ .. 
~ 1~1 

I I 
I I 
I I 
I I 
I I 

I 
I 
I 

I 
I 

! :carrying 
Bracket: handle 

--------Nickel 

thermometer 
(DTREM I) 

7769-6708 

DUST-DETECTOR SOLAR-CELL OUTPUT 

• , AXIMtt~ll ~llllriljtt, bm tt 

I I AXU'o cull ~ullat)ll, 6 rl!V 
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Addendum I 

PASSIVE SEISMIC 

EXPERIMENT 

Presented by Dr. Gary Latham 

Lamont Geological Observatory 



PSE SCIENTIFIC MEASUREMENTS 
MINIMUM 

DATA PARAMETER DETECTABLE 
CHANNEL MEASURED SIGNAL 

lPZ VERTICAL GROUND MOTION 0. 3 fn/1, p-p 

LPX HORIZONTAL GROUND MOTION 0. 3 ffi/1, p-p 

LPY HORIZONTAL GROUND MOTION 0.3mp, p-p 

SPZ VERTICAL GROUND MOTION 0. 1 ffi/1, p-p 

Z - FB VERTICAL COMPONENT OF s,,gal 
GRAVITY 

X·FB SURFACE TILT 0. 01 sec. arc 

Y-FB SURFACE TILT 0. 01 sec. arc 

TEMP. INSTRUMENT TEMPERATURE 0.2degC 

,---------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ___ _ 

CMil 

SENSOR I 

l>IHrrt"nt Ia I 

I 
I 
I 
I CaJutt•ltor 

Pial,. A111fr111hly : 

I 
I 
I 
I 
I 
I 
I 

_____ _j 

Output 

AT 
PERIOD 
shorter 
than 15 sec. 
shorter 
than 15 sec. 
shorter 
than 15 sec. 

0. I sec. 

D C 

DC 

DC 

DC 

Multiplexer 
anrl AnaloJ( to To AL..'iEP 
Digital ConM Data 
VC!Tltor 

I-I 





D I A G R A-HA Tt C SKETCH P S E UN CAGING ME CHAN I S M 

Comn1anrl 

I·3 



PSE PROBLEM AREAS 

• Long Period Vertical Seismometer 

Natural period lengthened (60 sec instead of 15 sec). 
Acceptable operation achieved by removal of feedback filters. 

• Short Period Vertical Seismometer 

1. Reduced calibration pulse amplitude. 
Calibration coil shorted - problem not electronic 

2. Lack of sensitivity to small signals. 
Mass rubbing frame. Delta rods broken. 

3. Noise pulses at output. 
BasiC power variation (0. 6 mv) 

• Thermal Control 

Excessive temperature variation. 
Degraded thermal shroud. Have added motor heating at night. 

• Seismic and Tidal Variations at Terminator Crossing 

Expansion and contraction of shroud couples mechanically to 
sensor. 
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Addendum II 

POWER SUBSYSTEM 

Presented by A. Pitrolo 

General Electric Company 
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GIENEAATOR ASSEMBLY 
5HJ"PINO ecNTAINEA 

FU£L CAPSUL£ 
~NO $HIPPING CASK 

TEST CONSOLE 

d 

·~ 

PU-UI NICRQSPHERE5 (1410 * ~ WA~ 
SUPER ,..UD'f STWUCTUftf! (HAYNES) WITH HIGH PUSSIYE 

MDIPWAXOU'I'Zft~,..._ ' 
HEUUM VENT PR9'J'IOEO 
FUEL CON'To\lfoNENT CAfl'AINLI1V...AT IMPACT 
LAl*CH TEMPERATURE: lfllrF" 
RE-ENTRY' TEMP. MAX. AVGe tlOO"Jr 
TESTED TO !PATt.IRN V U.UNCH VEHICLE LOADS 
z-.YE.ut PR'Of STO~ CAP'ABILITY 
WEIGHT! U;7 La 

LIGHTWEIGHT DESIGN {OA Lal 
TITANIUM 
CiiOLD-PLATED su.-N;:E TO flEA.~ CAHIJI..C 

HEAT 
< 10 IN ...-La C.Eit,t.TINO TCitQI,IIE 

PAOV1Dt: GAS STORMi(i: EMV"'I)NMCNT 
SHOCK ATTENUATED M()LW11NG8 ( <IIW 
PROVIDES UHLlMITED EAitTH STONAGE CW GA. 
REUSABLE 

STAINL-ESS STEEl.. ~ONSTRt.CTION 
WATER SHIELDED- ltU•Uti:M/ Hit 
SUitFACE TEMP< 110" f' 
CA~UI,..E TEMP < .i!OOQ F 
COMPLlANC£ TO AEC AND: lee REGULATU.S 
$HIPPING FIRE CAPA81LI1'Y 
QUALIFIED TO hUL STD liOA SPECifi'&CATIOHS 

EU:CTRIC !iEATER POW£R SUPPLY: o-..I~QP WATTS 
GENERATOR LC».O RESISTANCE: 0-20 r. 
TEMPERI,TURE READ OI.,ITS 
GE:f£RATOR VOI..TAQE,CURRENT, POWE;R f'«ADOUTS 

SIMll..ATES HEAT SOURCE 1100 WATT CAPACITY 
DYNAMIC ~AIIUTV (SATURN V ENVI~ENT) 
AIR/VACUUol OPERATIC»! 
WI:IGHT/STIP'FNESS SltroUJLATIQN 

TtTANIUM/MIEI...AMit€ OOf!ISTMJCTDN 
L.OCK DEVICE lO SECUfl£ CAPstX.E 
MAX GRIP TEMP < IZSOP' 

... .._. 

S~TS HEAT~ OlNttHG EAIITH TO 
LUHAII TltANSIT 
ttE -ENTfiV MEAT ""'ELO 

MOUNTS ONTO TM& AI.,.IJP I'\IEL Til~"~~ 
Aat&ML Y TOOL UMD IV AST..ONNJT TO 
IIENOW CAI!'SUL& lfi'W)M GU'C !'Oft "'"lt'TIION 
INTOGA 

I[AitTN STCMAGE CC»>T41tlf;R P'OII GEHI:fi~TOIIt 
ASJOILY 

OPI;RATES ANO CHECKS OUT GI:NERATORS 
ENOI(ifZlD EITHEit WITH NUCJ,.JAR HCAT SCJ,.IRCC 
Oflt EI,&C"''IHC HEAT SCX,IRCE 

PIUMITS TESTING OP'(II:N(RATOIItS "NO c;LFC'S 
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SN.\P-2 7 fROG RAM BAO:CROOND 

tNing sn:nv 
e FEASIBILITY S'I'u'DY FOR lTC IN Ll."M.U ROVING VEIUCLE 
e CONTRACT TO AEC (SLR.V) 40 WA'I"l' GENERATOR 
e sn;DY RECOMMENDED IIE.IYLLIUK FOR STIU:Cl\JlE 

SNAP-27 (AEC) 

PKASE I IA - TECHNOLOGY PIIOCRAM 

PW TO START - SPRING 1965 
ACTUAL START • AU~ST 1965 
EIGHT K)Nnl PROCRAM 

CONCEP'ruAL DESIGN (50 w.\l"r) 
tHE RI«>EL.ECTRI C D£VELOPHEMT 

PROCIWI (3H) 

10-COUPU ~DV'LES 
MAT'L COXPAnBILITY 
MAT' L SELECTION 

IEilYLLIUK FABRICAnON 

PROCESS llt:VELOPt£N'f 
Y-12, SOL.AR. 
PROOF GENERATOR 

(W/0 T/E) 

DEVELOPMENT PLAJI 

SURFACE EXPERIMEST PACKAC£ S'r.'DY (SEP) 

SrutlY FOR NASA - SNAP 27 CONCEPT 
PAP.ALL.EL SiiJDY GIVES TO RCA. 
DESIGN IJ>D INTtGRAnON sn:DY 
COMPLETE JULY 1965 

CE S£L.£C'l'ED IN AUG/SEPT FOI ALS£P 

SNAP-27 PROGRAM 

lXITl.ATED iN SEF'l'D<!El 1965 

Sntcn.'UD AS (X)KJ'ON!NT D£VELOPI€lfT EFFORT 

PAMLLEL DESICIC AIID 1.'£QOIOLOCY DEVELOPHE!It 

Jr.-4 



SNAP n PROGRAM II~T"ERFACES 

AEC 1100 '5 

SNS . 
I 

l I L 
I 

SArt:···· F'JELS ISOTOPE 
I<AilC: l CRANCH GRAIJCI,I 

. 
.~ .. 

• .. 
PRIME . 

CONTRACTOR 
FUEL<· CAPSULE . 

~~ SAI•!OIA CORP. ----- C.ENERAL ENCAPSULATION - ---·· I PROJECT' ELECTRIC 
t. ;t)t! liD U\ :'>AFE'-' DIRECTOR ' 

~ A~C-ALOO 
' t---------~ 

SilO 

AL5£P PROG 

• NASA .. 
MSC. 11110 

IIU•cP 
C:ONTRIICTOR 

r-- ·- ------
l.lLNUIX ' 

JL-s 



SNAP-27 DESIGN AND PERFORMANCE CHARACTERISTlCS 

MISSION APPLICATION POWER APOU.D Ll.tlAR SU*"ACE 
EXPERIMENT PIO<N;£ (ALSEP) 

CONVERSION CONCEPT Pu-238 F1..£LEO THERMOELECTRIC 
SYST'EM USING LEAD-TELLURIDE 
AU..OY THERMOCOUPLES IN TWO 
SERIES PARALLEL STRINGS. 

DESIGN UFE ONE YEAR LUNAR OPERATION 
PRECEEDED BY TWO YEARS 
EARTH STORAGE. 

GENERATOR PERFORMANCE 
OUTPUT POWER 

SPECIFIED (WATTS) 6!5 (BOM)a 
MEASURED (WATTSI 73.3 (BOM) 

OUTPUT VOLTAGE (NOMINAL) 
CURRENT (NOMINAL) 
OVER-ALL EFFICIENCY (NC»..INAL) 
AVERAGE HOT JUNCTION TEMPERATU'lE 
AVERAGE COLD JUNCTION TEMPERATURE 
FUEL CAPSULE THERMAL OUTPUT (NOMINAL) 

MECHANICAL CHARACTERISTICS 
OVER-ALL DIAMETER OVER FINS 
~ER-ALL LENGTH 
NIJM8ER OF FINS 
F~ RADIAL LENGTH 
FIN AXIAL LENGTH 

WEIGHT 
GENERATOR ASSEMBLY (JNCLUOES CABLE, 

CONNECTOO, ANO INSTRUMENTATION) 
RADIOISOTOPE FUEL CAPSULE ASSEMBt.Y 
FUELED GENERATOR 

• BEGINNING (OR ENO)-OF-MISSION 
••1485 WATT THERMAL N>VT, 12, 113 HOURI 

63.5 (EOM)* MIN. 
68.5(EOM) .. 

16VOLTS DC 
4AMPS 
4.75% 
1075• F (580" C) 
525•F c:m•Q 
1450 WATTS 

15.7INCI£S 
18.11NQ£S 
8 
5.0 INO£S 

18.0 INCHES 

28. 2 POl.ffilS 
14.5 P<X.HlS 
42.7~ 



SAAP-27 !'l'C DISlet! COASWI!D 

• CENEIATOI STOWS IN LH liCElT 

• SYSTEM FUEl.t:D OM J..URAl SUIFACI 

• COHPATIBU WITK s.\'l'UIUC V/ALS&P IJMIOIICII'I'S 

SII!JSOI!Wc 

r~JCY (ctS) 
5·20 

20·35 
35·100 

QUAL YALUIS 
0,39" DA-
7 .a + 1 c o 10 flU& 
10.4-± 1 c 0 tO lUI: 

3 OCUVE/KIIl1'lK SWIIP 

FUQU!ltCY (CPS) S MIN/AXIS 
23·80 
80-120 

120·950 
950·1250 

1250·2000 

QUAL VWJIS c2/Citt 
0.224 
12 DB/octAYI ± 1 Dl 
0,0444 I w 

12 Dl/octAVI ± 1 Dl 
0,0148 

SIIOCK • SAII1'0011l 11 tiS&C USI 1SC 3 SROCK/AXIS 

• J'LAlf<Z tllUllr 

6,500 INCH DIA IOLT CliCLI 
8 HOLES .256 • ,263 DIA ,0011 'l'll'l POStnCIC 

e 110LTAGI eotrriOL • 16 \'OLTS 1 .2 VOLTS 

e SV.IT UP 'I!MP!IA'l'U.Z ~ 10750., 

e COKPAn ILl WITH IIIEKDIX CAlLI 

• IIENDIX SUPPLl!D COtiNICTOI 

e 6 TIKPUATUIB S!NSOU FOil DIA.tH>STICI 

e FLOATING CIOOMD 

e \&IQIT All) CC 1" DIA 8P'IIUI OK <XCICTilC CZII'Rl 8.91 
llllaDI:S ABOVE KlUJaliiG rtANGZ 

e TWO Y!All IM&aT S'IOIA(Z 

_lL-7 



SNAP-27 IPU DESIGN AND DEVELOPMENT PROGRAM 
SYSTEM ANALYSIS AND DESIGN 

~NERATQFtAS..~EMlU.Y. 

~l.ll: 

DEVELOPMENT TEST PROGRAM 

COMPATIBILITY 
TIE IN::;ULAriON 
OUTER CASE 8 HOT FRAME COATINGS 
BE MATERIAL STRENGTH 
BN FRICTION TESTS 

.M.Bl.J~ [tQ c !';, s.s: 
MACHINING TESTS 
SHRINK FIT 
FIN A I TACIIMENT 
HERMETIC CLOSURE 
TIC ATTACHMENT 
~: 

10 COUPLE MODULES 
104 COUPLE MOOUI.ES 

MAGNf..II.Q.: 
MOCK-UP, GA ASSEMBLY TEST 

I.l:!f.R.MAL.LME..Ctl: 
MOCK· UP 
PROOF MODEL NO. I 
FOLLOWER PERFORMANCE 
FOLLOWER SPRING RELAX. 

EN.G. MO.D.E.I.....SE.B!ES: 
MOD ~ SHOCK, VIBRATION 
MOD 6 LIFE 
MOO 7 PERFORMANCE 
MOO B SIMULATED MISSION 

E.VE!. J;l\.P.s.J.II..E 
~RIIIJ.J!: 
---coATiNGS AND LIFE TEST 

COMf'ATIBILITY 
IMPACT 
CREEP RUPTURE 
WELD TESTS 
BURST TESTS 

CQMPONENJ}il: 
LINFR HUPTURE 
FILTER DEVELOP. 
SERIES I IMPACT 
SERIES II IMPACT 
VENTED DESIGN IMPACT 



• • 

GENERATOR ASSEMBLY TEST PROGRAM 

ILECTiliC INSULATOR FRICTION COEFfiCIEJIT ~UilE~S 

FOLLOWER PERFORMANCE 'mSTS 

HERHETIC SEAL D£FL£cnON TESTS 

HERMETIC CLOSURE TRANSITION IUNC$ 

SUINK FIT PERFORMANCE 

· . 10-COUPLE lt>DULE TESTS 

104-COUPLE lt>DULE TESTS 

STIU1C1\JRAL PROOF TESTS 

RADIATOR 11lERMAL PERFORMANCE TESTS 

HM:NEnc FIELD 'IUTS 

FREE CONVECnON AIR OPERATION TESTS 

OUTER CASE FIN AND TltANSinON BRAZE DEVELOPMENT 

HOT FRAHE JOINING DEVELOPMENT 

HOT FltAHE IKISSIVE COAnNG 

OU'lU CASE AND FIN EKlSSIVE COATING 

THEIKAL INSULATION STABILITY TESTS 

· • lSOntEIUW. COHPATIBILITY TESTS 

,. lNSUU.TION AND 'Ili.ERK>!LECTRIC 'Ili.ERMA.L CONDUCTIVITY TESTS 

THEIMl£LECTRIC PRODUCT SPECIFICATION DEIIELOI'tt::NT 

IElYU.IUM Mo\T£RIAL PROPERTIES TESTS 

&LECTRIC LEAD nutiJ DEVELOPMENT 

LIR TEST OF FULL SIZE GENERATORS 

tRANSIENT SLUT-UP Ca.\ltACTEIUSnCS OF lTC 

JL-1 



e DEVELOPMENT TESTS 

IMPACT tESTS (22) 

, DROP tEST 

BURST PRESSURE tESTS 

FAnGUE tESTS 

CREEP IWP'l'URE tESTS 

CIAQ{ PROPAGATION 'rESTS 

l'IHDULUM IMPACT TESTS 

YIBRATION TEST (PART OF GLFC 'rEST) 

lUPTURE DISC TESTS 

PID TESTS 

CAPSULE/LM HARDWARE IGNITION TESTS 

IELDED JOINT TESTS 

COKPAn~ILITY 

COAnNG AND EMISSI~TY TESTS 

e SAFETY TESTS 

lADIANT HEAT TESTS 

SOIL CONDUCn VI TY AND BURIAL TESTS .. 
lADIAnON LEVELS 

• fUEL TESTS 

COMPAnBILITY 

SOLUBILITY 

IMPACT 

.Jr_ -/0 



t 

OUftl CASI ASS&HIL1' 

COLD rwc 

FOR\WtD SUI. 

AFT SEAL 

ROT FIW« 

SPRINGS 

SH.IMS 

SPRING LOG¥ 

HOT aiTl'OHS 

HOT SIDE INSULATOR 

... HOT PRESS Be CYLIHDElt 
• ClOSS ROLLED SKEET Be FINS 
• SILVER BRAZE ALLOY 
• 19 - DL TRANSITION RINCS 
• SPlAY IADlFIAX COo\nNG 

• HOT PU:SSED Be 

• PbTe AND Pb SaTe, COPPEI 

• POWDERED MIN•l 1301 
• PltESS!D KIN•l (AFT SIAL) 

• COLD FOIL UFL&CTING SUIPACI 
(SPOT WLDD) 

• 1M 102 

• lN 102 
• IN'l'ERIOR ~D Wll11 IAD1JPIAX 

• liCCONEL X 

· • lSOHICA 

• II!RYLLlUH 

• · 1010 STEIL 
• o.ool" A..RIC) 11011 OOAnJC 

• IOIOM NlTRlDI 

lNSliw\101 SUPPORT STIWC'l'UI& • ICJL1' 

COVU CAS 

rou.owtu • IERYLLIUH OXlDI 

Jl-11 



1. SELICT !lEST ntEIOOELICTliC CT/E) I'U.DRIAY 

JN TYPI CANDIDAT&S 

J, 
TPK 10 (PbTe) 

·31-

z. §!LICT TIE OPERAnNG TEMPEMlUUS 

'• • uooor 
Tc • S250V 

zr nK CAIClli DAT&S 

~ 
TPK 1S (PbSafe) 

-lr-

3. J)El'l'!RKINE CXIUPLI EXTRANEOUS ltESISTANC! FO! !Ul!HT sxzr. 

DESIGN H·LEG 1.70 a~ 

P·LIG. 3.0 a .ra-

4. SlZ! !LIM!NT 

N UC 0.207"' DIA X 0.400 LONG 

P LIC 0.247"' DIA X 0.400 LONG 

5. VERIFY T[! I'U.11'!R.IAL P'lRFORKANC! • 'J;EST PIOCIAH 

A. COHPAnBILITT OF T/I'S Wl111 !LIICNTS OF SMAP-27 

a. T/1 PIOPIRTY DATA • lKDIPENDERT t&A$UJI.EME1(TS Jf IHl 

C. SHORT AND LONG LIFI TEST PIOCRAH W'Int 19 FLAT PlAtZ IOMLS 

D. LOHC LIFE liST P.IOC. W'I'l11 U QUAR'I!l SIZE SMP·27 CIN. 

II -I'd. 



~CIJUI JIIMI:nC* ILICTIIOOII 

o~D-= 

'• ~ ~HOT liiiiCTIOIIIUCT-1 

¥ ' g.-HOT II)IIILICTUCAL MULA'hOII 

J[-13 
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TEN • COUPLE TEST MATRIX 

~ l;QLD J!,!!!C ~~+ ~I!T~(l {!Y<§. TOTAL IIH! ON TEST AT 9/5/69 
~ U§T p[$CitWW!, ~r"J!l) nttr-Td0[) fc (fSIA) fc PSI 

11 Short Te.,. Stabtltty 1100 525 25 150 T•11!1lnat.d at 2206 hr. 
12 Short Tum Stabtl~ty 1100 525 25 ISO 211,5~4 hr. 
Cl Short Twt'lll Stability 1100 525 lS 150 T•..,.lnat•d at 18)2 hr. 
C/o Shnrt T•rm Stability I \00 525 25 150 28,2 ,q hr, 
C5 Off Duhn Hot J•o11ctlon 1130 525 25 uo 26,4111 hr, 
C6 Off Deol~n ll~t J11netit>n 1130 525 25 150 26,3'•5 hr. 
C7 Oft Doolan Hnt J~11etton 1050 525 2S 150 2S,901 hr. 
C8 Off DeotRn Hot .lunetton 1050 525 25 150 25,lt84 hr. 
C9 Off Deatan Hot Junction 1200 525 25 150 26·, 363 hr. 
ClO Oft !lool~n Hot J•onctton 1200 525 25 150 Tonnlnat•d at 23,997 hr. 

(7/19/69) 
Cll Lower C:u Prua~n 1100 525 ~ 25 uo 24,397 hr. 
CIZ Lowor Caa Preeeura 1100 525 2.5• 150 Tt!rmlnated at "'6000 hr. 
Cll l.unar Cycla 1100/1050 525/460 25 150 14,767 hr • tnmlnn•d 

9/l2/68 after l6 cyelea 
C\4 tncraaud Sprtna Pl'lllura 1100 5U 25 250 22,413 hr, 
CIS tner~a .. d Sprlna Pnu~ ... 1100 525 25 250 23,099 hr. 
C\6 Lowr Gu PnuuN 1100 525 7*'* 150 17,785 hr. 
Cl7 Lunar Cyel• 1100/\050 525/460 25 150 23,197 hr-cyelln& teTMinat•~ 

2s 
4/19/1>7 after 29 eyc:lu 

Cll Ott Daatan Cold Junction 1100 575 150 23,3/i, hr. 
Cl9 Ott O.atcn Cold Junction 1100 625 25 150 22,868 hr. 

Total No .. bor Kodula Houra (II 9/S/69 • 393,588 
WHodula vaa orta1nally aet at 0.5 pale; o~taaaalna of the lnoulatlon lncraaaad praaa~r• to 2.S 1ala 
~odula vee ortatnally eat at S,O pala~ o~ta•••ln& of the lna~latlon lncr .. ••d praa1ure co 7,0 p1ta 

II-15 
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HODUt.l 

-
104•11 

104-12 

104·1) 

104•14 

104•15 

104·16 

104·17 

104·11 

104-lt 

104·110 

104•111 

104·112 

104•111 

104·114 

104•1U 

\04-COtTI't.E TEST HATPT!I 

TEST Dt:SCRirtlOII HOT JUNC COW JUNC 
TEKP•TH 

f"Fl 
TEtj!•Tc 

t"r\ 

OFf DESIGN HOT JtmCTlON 1030 525 

IITICIENCY TESTliiC VrrH 4•ZONE K!ATEI 1070 S25 

lltSTOlACI • ttST START POSTl'ONED 

Ill STORACE • TEST START POSTI'Oif!D 

l1t STOlACI • TEST START POSTPOICED 

IHDCit AII'O VlllATIOII 1100 525 

OM •OfT CYCLE P!lli'OmAIIC! • CYCLIIIC 
TUHtliAT!D Af'T!I 17 CTCU!!I 1100 525 

LUNAR CYCLE PEP.rOI'IHAIICI • CTCLliiC 1100/ 525/ 
TUHINATF.D ArTEI 20 CTCU!!S 1045 460 

LOtiO T!II:H STABILITY VlTH ZINOif W 1100 525 

!rftCt!lfCY llOO 525 

orr DESIGN II9T JtmerlON 1130 us 

LOtiC T!II:H STAJn.ITY llOO us 
OII•OIT CYCU!! P!lli'OIItWIC! • CTCLIIIC 
T!II:HIIIAT!D AFTU 10 CYCLES, TK U• 
DuctD AP"lT.I 2700 HOU'U TO 1050or tlOO 525 

ltEDUCF.D II9T JUNCTION 1050 525 

ltEDUCT: D IK'I' JUNCT I 011, PlliiO 
PIF.SSUU HO PSI 1050 su 

I I I I/" -~OPII 
I ,..__ ---· 1,0 

~ 
~~=---:--- - ISOI'UI I 

i .• .. .. 
i .. 

' 
I I 

J DATA &IIOWN AM:t 

I ·~·C.. AT ISO I'SI 
Clf 8t Cl! AT .150 I'SI I. 

tOTAL TlMl 011 
ttST AT 171170 

12 ,051 1101111 

%2 • 47 >' liOUll 

TEII:HIIIATED 1/4/67 AT 
2,4U HOUU 

TEII:HIIIA't"t:D lO/lt/67 Af 
5,819 IIOUU 

TEII:HtNAT!D 511/68 AT 
.9,451 HOUU 

26 ,UI 1101/U 

26,477 HOUU 

TtiQ(llfATED ll/22/70 Af 
24,090 HOUU 

25,760 *Mid 

25 ,8]] IIOUIS 

2S, 566 HOU'U 

2),107 HOUaS 

··-

-
·.-

i .4 -• IIO'Tlt ON MCOUU: Cll, TWO TI:IOMIIIAL COUI'U:& WCIIC OMITTED -
WHICH liiiEIIIt Olt,CCTIIIC ,.110M 5TAIIT OP' T£5T 

·' --r- I 
I • 

X- 17 



-• V' . 
"r--.: ~ bliLo\ ~ 1---~·~•tA• t--

~ ~.l 
OATA IIHCIWH Alii~ AVIU'A~I OfP TWO :NDCNHo-;HT .,_COU_.L.& IT'IIIIHGI -.-

12 • C. A.T zs PSIA 
Cll •• IJ P31A 
CIZ :; ~: ~:::: t: ~: ~:t:I c~• • 

Tw•IIOO•' 
Tc • soo ,. 

... ~UofOP~tCaaUflll. • 110 .... 

I'IU.""f -•oOON I 
•NOTII 'ftC OWIN i-ltCIIUNill Mill ITANTINO "'IUliNCI. QUI: TO IHSUUT"'" OUT~I·INQ 

lfi'I'I:CTI, ACTUAL OI'IIIIATIHO l'ftCIIUNI:I (aM CJWN 1H PAIUtNnt&Ka) Aft& HKIHI:"• - •ooo - 10,000 1&.000 .... 11.000 II,OM 

TilT rue("") 

1.0 

% D. I 

t 

~ 

~ -----....: 
1050°F 

~0~ II00°F 

--· .. 
~ 0.1 

~ .. 
~ o .• 

DATA SHOWN ARE. AV£,.AGE&~0FTViQ-,~0EPENOCNT .....COU.-L...& aT,.INGS ,.ROM MOOUL.£1 

C7& Cl AT 1050°F 
82 & Ct AT IIOO"P' 
B~&Ba ATIIJOuF 
886 BlOAT 1200P,. 

SPRING PRESSURC I!JO 111'81 
O.l ·GAS PRESSURE .z5 I'SIA 

,.IL.L.GAS ARGON 
Tc: , .. ,. 

I 
5000 10.000 11.000 lO.ooo 

• TUT TIM!! (1-110) 

10-Couple Module Dl\ta Infiuenoe uf Jlot Junction Tomporature 

l<i 
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SNAP-:l718otheraal Tee& Matenu 

~acnption MAterial SUe Source Proceealnc 

Hot Block lnconell02 0,375 L Allecbeney WIU be cleaned 1.11d 
0,'70 D Ludlum ttored In bonded tloclt. 

tlectrtcel Boroa Nitride 0,075 L Carborundum will be cleaned, 

lnalll.ati .. 0,'70 D bated, end tt6red In 
bonded •tock. 

Hot llloe 110 Cu 0,075 L Will be cleaned end 
0,'70 D 1tored 111 boaded 1toclt. 

Hot JunciiOII Cl020 steel 0.075 L Will be cleaned end 

Blltton 0,'70 D •tored In bonded •toclt. 

Cold 110 Cu 0,0'75 L Cleaned and bonded 

Electrode 0,'70 D to thermoelectrld lee•. 

Cold Block Beeylllum 0.070 L O.E, 
0,070 D 

FUler Pad Quart& Wool EDcelhut Will be baited aDd 
1tored In boaded 1!oclt. 

Spl.cere Quart& Plate 0,0'725 L EDceUwt Will be cle&ned ud 

0. 71 D 1tored In boDded etock. 

Tiler mal WIN-K 1301 Powdered .Johne- Baked to removt: bl 

lnaulaUon Form Wan'ftlle binder and mol•ture, 
atored In cloeed 
container, and placed 
In bonded atock unUl 
ueed. 

Quartz 'hbee Quart& 0.75 * 0.03 EDcelhart Will be usembll!d by 

m the glaaa-blowi~C 
1hop of Central 
Research, 3Y 
Ccmpuy. . 

Xeaon Gu XeDoD ~ Back fllliod to 6. 3 
lb/111. :l at room 
temperature. 

]I- ;;?0 
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El9J! 
NUS& or COUPLES 442 

e liD OF UlE P<Y& .56.6 Wo\TtS (OWICID TO 63 • .5) 

• ALLOWAHCI lOl t.'P· '1'0 OIIE STllNC FAIWU (9• A/COCPLI) 

• ALL COUPLES LADOIIED FOR IMCIL\S!D ULWILI'l'Y 

• HUT FLOW '1'0 MRK>EU:CTIUCS S!IZCTED rOR HA.XUL1f 
10M EFFICIENCY AND OOl'Pt.'T OF 16 VOLTS 

e SYST!K CKARAC'l'EUSnCs DE'lt:RMINED FOil ON A..>m OF1' 
DESIGN "PEU'OIU"ANCZS AND HANI.IFACT'.,.'R.INC I01.£IWICI 
IAIICZS. 

e 111111 !lfCINDIIIG PIOTOTYPIS (2 CZ, 1 IIINDIX) 

e 'N) QUALIFICAtiON UNlTS 

• nVI lLIQlT UNITS 

PSTP!OCW 

(1 CZ, 1 IZNDIX) 

e LIFE TEST UNDER WNA& CONDinONS . 21,000 HOL'IS 

• PIUOIMMCI ATI'Zl ~AL DYIWQC tESTS 

e PERFOQWD atAJW:'l'!JUSnCS OF ALL SYST!HS/MIKAL 
VA.C\,'\.'M 

• w.GlEnc WJ.St:REJCICTS 

e TJW;Sl!XT SIUT·UP QIARACTEIUSTICS 



SNAP-27 IPU THERMAL PROGRAM 

ANALYSIS 

• THERMAL MOCK-UP GENERATOR 
ALUMINUM-12AND6 FIN 
AIR AND THERMAL VACUUM 
FIN TEMPERATURE MAPPING 
AXIAL AND CIRCUMFERENTIAL 

GRADIENTS 
VERIFICATION OF ANALYTICAL TOOLS 
INTERFACE BOUNDARIES 

• FOLLOWER-COLD JUNCTION A T 
BeO,Ba FOLLOWERS 

• ENG~EERING PROOF MODEL#! 
TEMP DISTRIBUTIONS 
AT THRU SHRINK FIT 

• SHRINK FIT THERMAL TEST 
AT THRU SHRiNK FIT 

• FUEL AND FUEL CAPSULE A T 
FUEL PROPERTIES 
LINER TEMPERATURES · 

• THE£l¥0PILE INSULATION THERMAL 
CONDUCTIVITY 

• COATING DEVELOPMENT 
HI AND LOW EMISSIVE COATINGS 

FINS 
OPTIMIZATION TAKE -OFF OF FIN 

DESIGN 
IPU 

(TWO-PROBLEM SOLUTION) 
TEMPERATURE DISTRIBUTION 
LOCATION OF KEY PARTS 
FUEL LOADING 
SYSTEM PEAFORMANCE 

IPU 

(3DIMENSIONAL-22° THERMAL MODEL) 
CHECK ON ORIGINAL ANALYSIS 
VARIABLE MATERIAL PROPERTIES 
VARIABLE SINK AND FUEL LOADING 
SUPPORT COMING TEST PROGRAM 

FUEL CAPSULE . 
TEMPERATURE DISTRIBUTION 



. .___..._.,~":~"""""~ 
I Rl--+#--+-~~"!l~r-t--Tr--1 

COKPON!N':'S OF 'ImR.MAL SYST!H 

• lADIAl'OR 

o:.·::n CASE 
FINS 

• COLD F'RAI1It 

leO FOLLOWERS 

• ni£JUoi)!L!CniCS 

'l'HE.JUoi)PILE tNS"JUnON KIN•K 

• MRK:>PlLE COVER CAS 

• END ENCLOSURE INSL~TION HIS•K 

• END SU1S 

• ALSEP MSEPl.A'l'! 

HOT FIWt! 

• ELECtRICAL INSL~TORS 

• HEAT SOUitCE 

• 11%At SO'.:ItCE BAC:XPLAI't 



---~_, __ -,, 

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

WIAT9& 

Otr.r!R. et.SEffiiC ASS!M!l,.J ... 
e DUltll CONSTMIMTS 

e DE1SIKIIC IWIQl OF HUT a.ncnos 
e l'EII'OIH OPTIMIZA.nON S'l'lmliS 

• ~ SUilACU 

• IMGIEI. OF niCS 

nN SIZE 

• LUMI. Slllt 

• U'PICTS OF ALSIP u.RP'LA1S 

• l!ST PROO!Wf 

• Vllin IJW.tTICAL lZQOO~S 

ALUKIIIUK St'WCTUU WITH 12 A1U) 6 flU 

• HEASUII P!llOIMoUtCZ 01 COAl'D OUtll n»&/ 
()OLD J'L\!C UMIT • K>D 1 

• DIVILOP OUDI. SUilA.CI ~nllCS 

IADinAX 

• ASSESS LQNC lZIK PE~IHUCZ 

~nNG SAHPUS 

11)0 5 <;U£1Atoll 

K>D 81 GZRZIATOil 

N)D 10 Qt!CIA'l'Oil 

12,16S HOUIS 

a. 340 l!kl:.:as 

10,000 HOI.'U 

J[-t14 



HeAT LOAD IMPOSED ON A DEPLO'IED 
SNAP-27 BY THE LUNAR ENVIROMME'NT 

SOt.Ml~•LO 

IMFftARCD 'H.CSI'II'TY• .W 

TOTAL 

MOON 

SOLAR 

~ALBEDO 

115' 10 
SUN ANGLE- DEGREES 



~ 
Q 

? 
~ 

.r 
lJ 
1-
)l 

z 
o1 

JJ 
> 
~ 
(.I 

w 
u.. 
{.;. 

UJ 
..J 
4: 
1-e. 
I 

/ 

:so 

!t.O 

140 

HO 

\00 

80 

'-0 

40 

20 

0 

LUNAR StNK TEMi->SRATUR.E 

FOR A DEPLO'YE!> SNAP-27 

RD]J 

.-45 C!O 

~UN ANGLE "v OE~REES 



••• 
t:MISSlVlTY O. 8S 

f5 
Tlill'K 170°F 

0.3 TBASE ~10oF z 
u 
~ 

18 IN, AXIAL Lt:!la;TH 
5,S74 IN, CYLI!"'Dt;R OIA, 

! ONE ESO BUlCKlO 
z o.z >C 
!ol 
:: .. 
w 
14 

~ 
0.1 z 

t: 

0 

8 

• 

5 
10, •. 
12, 

\ • ~I; 

' ~\ ~ I 

~ l • 1 ;II -s 

a 
J J ' 8 

RAIJIAL r!l' Lt"S<iTit (ISCHrS) 

· tn l".&r~tltt•trlc Analy••"· 1400 Watt Ht'al !Wjeet"-n 



0.31r-----r----r------r----r----, 

o,L---~-----~---~----._---~ 

4 r--t•0.90~ 

/ 

3r--'. o.ss L/ 
~ / 

I 

0 

,/ 
f • o.so ........ / 

,;1 
~MINIMUM w•:IGIIT LOCtJS 

6 8 10 12 

NIJM 8t:R OF FINS 

lfi("'l"•~m Fl.D Wel&ht and ThlckMaa VarlatloD wlth Number of Flu 
and Fbi Emlaslvlty 



uo 

QKt:}ft•o 

NOTI:S: 
a) I TllAI'F.ZOIDAL FINS 
b) CYLISUI"K OIA. • s.,H IN. WAITS 

$10 c) KAlliAL HS LDIGnf • ~.0 IN. 

• 

~~ f"IN 1\ASl T!IICKSI~ • 0.09~ II(. 

I I ~~ AXIAL Lrsant • II IN. 

$041 
f) OSE lSU BLOCKED 
C) lldiSSIVITY • o. 1$ !/ ~1400 WAITS 

4to 

•• 1/ 7 I 
v /vI 

/1300 
WATT$ -70 v / -~ 0 / 

0 
I v 

/ 
0 

~--""" ---
0 

~ ~ 
'"' , .. 

>: 
fa: 
-< 

0 -< z ... 1'-' 
·~ ..J 
'..J lx 
tli ·~ .JI .. 

• 10 
•100 0 100 20U 

TIIJI(J\ (F) 

SI.II\P-2.1 O~JeTat•onal fan Base Tempcrat~~re for Refrren<-e Ocai&D 

:U:-30 
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• KIMIKUZ ntKPEIArulll DIOP noH COOPLI 1'0 ot.'TU CAS& 

• IIIV!LOP AMLmCAL KlDIL CONSiilt:IINC: 

• IPHIIICln' 

• CAP (CLLUAla) 

• PUSS\111 .. 

• 'V!UFY IIY '1"£STS 

• COKPONIRT 'IESTS 

· • QUALITY CORTIDL (DU£NSIONS) ESTABLISHED 

• S"rSlSM 1::. T 20-25° P1lOH COPPil CAP 1'0 FUI IASI 

• leO FOI.LO\&IS SUPIIIOl 



THE~. 

""ISALIGNt!IOIT 
CONOITIOH$ 
SIMULATED IV 
THIS ECCE~ 
fEATURE 

FIGURE 3·1 • FOI.Tn.IF.ll. n!EPHAL COliDUC!ANC£ 
TEST VIIT SCP.t.."'1ATIC 

1[-3.3 





Tobie 1•1 Su..,ary of Teet R•••ulto 

! [- --·- -·- . -···- -- • 
c: ... I " c 

~ ! .... • ""' .. ., e .. B ! .X .. . I~ j 
.. ..... .. 

~I~ 
.. 0 .. i " ... ;::v .. .. l!!: "' ... -; ... " " .. A] " 3 .1! .. " .X .... ..... 3 

<Jw~ & ! 
...... t "0 ~., 

3:: .:! ... ..:'! t .. .. .. ... ........ ..... 
~ ~ 1 .. ... " u 0 ~ ~ &. ~ e~ .. ~ " .. u ~u .... .. .. : .... e ~ 

.. " .... " e ~ .. ... " u .. n~ .. ~ ..... """ ~;: .:~~ .. .! .... x.-o .. 1<.1: ....... .. " -0- .. i. ... " ... 0 .. ~ 000 eu .. .. .... ... (.! .. 3 .. ... "' ...... ....... c:w. 

~~ 
.. ... ... l "' .. " .... • Ill .... .. c: 

-;; ·&. ~ j .. " -;~.; ~~]~ .. 
x.:: -.. 

~1 
.. ., .. ..... 

~~ 
~- X. 

... 0 ... - et; 
.,_ 6 .... u.., .. .. 0 .. 0 .. oc ... 0 .. .. oo u ... u ... .. < .... < ... Jao ..... :a ..... 

' . mil~< u" ...... • .~· ut• mih Uf UF 
11' l\('•00 '()' JOO 100~ 8, ll 27.0 .1 6,5 33.5 
:• Bt•-22 l g 300 150 7 .8 45.5 .2 7.1 52,6 
) tlt>-1) , .. "! 14 

14 21,4 .2 7.1 28,5 
~ 8~-~2 ' 0 300 150 7 8 21.0 .2 6.5 27.5 
5 Be-33 I 0 500 60 14 14 15.0 ,2 8,0 24 
t s .. o-oo 4.3 700 8 14 14 9,0 .45 11.5 20.5 
7 81!0-.!2**11.0 9501 4 12 8 8.5 .55 8.9 17.4 
8 Be0-33 1 0 150 45 8 10 5.7 .55 10.5 

I 
16,2 

' 
,(I * Al lhttnln.•l tu:4t llt."W ol 1.41~"' and 6 lb. VPrtic.al l<'ad, nt•rm-..lizwd to ~00 f 

I·•P t .. "'•'~r .. tur~. 

•• th .... • datA •r• not vury ~um.:lualve. •1n-.:• taken at too hl&h heat fluKe• •nd 
1 temp~r•tt&r• dl(ferrncee. 

1. IIOR.ON Nll'RlD! C<m'FICI!Nr OF PA.IcnON 

-

3, FORWIJIJ) END SEAL 'niERMAL SURFACE (LOW e) 

4. 'Dl!IMAL CONDUCTIVITY OF MIN-It 

S. OtiT!R CASE 'Dl!RMAL COATINGS 

I 
I 

I 
I 
I 

I 
I 
I 
: 
i 

t ... rl<a 

Wlth .0015 lud 
ti•u•••" •pherlcal 

J 
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MOD 10- THEORETICAL VERSUS ACTUAL PERFORMANCE 

NOTE: POIN1!5 SHOWN 
ARE ACTUAL TEST DATA 
SUPERIMPOSE:D U?ON 

IO ANALYTICAL CURVES 
J---f-+- I 

PERFORMANCE. PKt.OICTION 
FOR 10,000 HRS, OPERATION 
INCLUDING FLEL DECAY 1490W 

I I I 
TEST DATA 

0EQUALS 300 HOURS ·} 
1505 w 

l!.f:QUALS 6,000 HOURS 

80 

71) 

60 

0~--~----~~--~~---~-----L----~----~----~ 0 
0 2 3 s 6 7 8 

CURRENT (AMPS) 
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s;APSUl.! niEL LOADIN2 

lY.9!! lHERHo\L LOAD (WATI'S) 

1 1487 

2 1485 

3 1479 

4 1483 

lAC¥ ur 1485 

QUAL UHlf 1484 

Jr-31 
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TABU 2-2. FUEL CAPSULE DESI~ PAIAHETEIS 

The~l loading, watts l480 ~ 30 

Fuel form Pu238o2 wicrospheres 
50 - 2SO ,. dia 

Fuel geometry Cylindrical annulus 

Fuel spec:tfic power, ..,/g 0.400! 0.01 

Physical den9ity range of fuel 9.1 • 10,3 
particles, g/cml 

Effective fuel power density, ..,Jcml 2,6 + 0.2 
- 0.1 

Fuel conductivity (effective) 
8tu/hr/ft°F (in helium) 0.62 @ 1400°F clad te.p 

Fueled length, in. 13.76 

Capsule OD (nominal, uncoated), in. 2.509 

Liner m.~erial Haynes-25 

Emissive c03t1ng RC-356 

Emissivity (minimum) 0.85 

Storage time, years 2' 

* Fuel volume, 1n. 3 33,9- 38.14 

* Fuel annulus width, ln. 0.407 - 0.475 

Liner assembly void volu.e, 1n.3 17.65 

Total void volume, tn.3 40.3 

Total c.apsule wt:-1r,ht (..,/backplate)U.. 15.46 -x. 

* lange duo to fuel power density variance 





FUEL CAPSULE ASSEMBLY DESIGN FEATURES 

PLANE OF SEPARATION 
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CHCCIC 
01 

OA Model No. 10 Tut Flow Chan 
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~ 

1·11 "'\I L(AW IIATI OI'(II<Lel.ITV 

.... ~- ~ 
INSTALLATION TliT At SUltANa 
Of IITOS I r- r- lOA) VI8~ATIQH 

I IN Alii I CONNt:C:TOII (CIA)- TUT 011 
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I 
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(II'OIIITIJ 

~ 
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1/ACUUII 
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I 
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L-_J OP(IIATINQ HOUIII 

Fll&trl OA Telll Flow Chan 

I L ____ J 
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SUMMARY OF SNAP-27 FLIGHT GENERATOR TEST RESULTS 

OPERATING CONDITIONS GENERATOR POWER OUTPUT (WATTS) 

I'OWt:K EQV. SINK MOD 13 GA HOD 19 GA HOD 21 GA HOD 22 GA HOD 23 GA 
I Nl'liT (WATTS) LOAD Ttlfi'. ("T) S/N 6320006 S/N 6320009 S/N 6320011 S/N 6320012 S/N 6320.013 

1SOS 16 VOLTS +170 69.8 69.1 68.2 68.3 70.7 

14SS 16 VOI.TS +170 67.1 67.5 66.0 66.2 67.9 

l4U 16 VOI.TS +170 64.3 64.7 63.2 63.2 65.0 

1SOS 16 VOLTS -280 72.5 12.9 11.3 71.3 72.9 

14S~ 16 VOLTS -280 68.8 68.8 66.7 67.3 68.9 

141S Ill VOLTS -280 65.3 65.3 64.0 64.1 65.1 

14SO 4.7 OIIHS AMBIENT 69.6 69.7 67.9 69~1 70.2 

= ·-=---- -
TtH•l AccumulAtPU Opt~rattonnl 
Time (Air ami Vacuum) (llnuro) 550 59) 581 640 $71 

Oprratlonal Time In Vacuum (Hrs) 240 264 256 303 23) 

Final GA !.<'Ilk Rat~ In atd cc/aec 
2.50 )( 10"6 of An-~un whit~ oi)f'rAtlng in. 4.36,. 1o-1 1,09 X \0"6 3.7 " 1o·7 

! . ., •• 11'"!:'7 
),92 X JO 

+IIO"t' !link at 4.7 oln load 

Stor.1g"" Container Serial No. 6287007 6211700'• 6287006 628700~ 6287003 . 
Total Wcll(ht (Pounds) (L<'SS 27.83 27.77 27.~6 27.86 27.80 
Prot~ctive Cable S1eevlng) 

GENERATOR TEST PERFORMANCE St~~y 

-- ---- ------- r-· ------
T<YI"AL ACCI.f!-1 _tl~!!\~,~~~k lfEAr INI'UT I'Q\.TER 0\ITPtrr \.IATIS FOL 

CENERA'rOR TEST TIME l.t'NAH DAY LUNAR NIGHT WATTS LUNAK DAY I.UNMI. Nl(;trr 
(IIRS) 

HOD sO) l2,16S 70.8 73.0. lSOO Af&'ER 61i.6 68.7 
10000 IIRS 
REDUCED TO 
1485 WATTS 

~lOll 8B(l) 8,341 6).0 66.0 1415 62.0 62.9 

HOD 10( 2) 7,697 71.2 73.3 l:i05 71.5 73.1 

10,244 1505 71.52 @49°F• link 

30,750 

(1) ENGINEERING DEVELOPMENT C.ENERATORS 

(2) PRIME niCtn' QUAI.ITY • IDENTICAL TO nVE DELIVERED FUCHT UNITS 



MAGNETIC FIELD MEASUREMENTS ON 
SNAP-27 GENERATOR 

10. 

X3 

t 

·~ ' ' - -;;f -x2 
~ 1.0 \ 

~ 

~\ XI/ I ::.IN~ g 
t 

9 w \\ i:i: 
..J 

,, /AlSEP SPEC CAUS FOR FIELD TO BE LESS THAN ~ \ 0.1 GAMMA AT A DISTANCE 
~.10 --- -\\- OF FIFTY FEET FROM THE 

AXIS~\ RTG CENTER LINE. 

: t -MOD 10 SNAP 27 GENERATOR XI~\ AFTER EXPOSURE TO 15 
X2 \\\ ~ OERSTED Fl ELD. 

X3~\ 
---MOD 10 SNAP 27 GENERATOR 

DEPERMED AFTER EXPOSURE 
(STRAY OR WRRENT FIELD) 

.01 
\~ 

I 10. 100 I GOO 

DISTANCE ALONG SPECIFIED AXIS - ~RS 
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STRUC'rt'RAL DESIGN 

1.!9! ~ COI't't:N TS 

ttJUNTIMC LUCS 0.30 45 c sTAnc 

--· 
' 

COLD FIWtE 6.17 SHRINK nT 
> • LAIU% FOLLOW£ R SHE.U 

-·-~·- --
nNS i ;n LARGE 4S C STAnC -
FOLLOWER SPRINGS NOT CRlnCAL DESIGN FOR 16,41 

RELAXAnON M'UR 
'N> YF.AJLS OPERAnOK 

HOT FRAI'£ O.lS BASED ON SPRING 
PRESSURg AND Hln:RNAL 
CAS PRESSURE L04D OF 
60 PSI ------·· 

ll&RZ£nC SEAL - AFT 3.00 DE&IGNED FOR KlNUfJH 
nu;RMAL r..EAJ< - sua-- ,.,_ 0.06 JECT:::D TO COt!PONENT 
TEST -

TRANSinOK RINC 
BRAZE IN CAS£ LARGE 
RING LARGE 
SEAL WELD l.S I 

OUTER CASE AHPLI AN-ALYSIS COHl'U:X -
SYSTEM PROVEN BY 
R.lCOIWUS tESTS 

.II.-16 



CENEgAJ'OR ASSEMBLY SntJCnJRAL ANALYSIS 

COLD FIWC 

ntiS 

FOLLOI&a SPIING 

HOT FIW£ 

HEIHSnc SEALS 

C·LOADS. 3 AXIS 

SKilNX nT STRESSES 
FOU.O~ot;i SPUNC SHEAI 

., LATERAL AND AXIAL LQ.\DS 

SH!UNX FIT 
i 'l'1!l RMo\.1. STiiSS 

I 
I 
I 
I 

I 

LATERAL LOAD 
ntEIKo\L STRESS 

SPill(; 
RELA.XAn Clf 

PRESSURE (GAS) 
CQHPII!SSION LOAD OF T/F. EID£lttS 

PRESSURE 
D&FLEcnott 

1'1ANStno1 IIKC II1AZI AND sa~ I PRESSUII! LOAD 

Jr-11 



GRAPHITE LK FUEL CASK 
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WC ltEQUIREI€NTS 

• SUPPORT FUEL CAPSULE FROM UUNQI 
TO LI,INAR SURFACE 

• REJECT CAPSUl,E HEAT OF 1500 WAtTS 
TO MAINTAIN CLAD tEMPERAIURE OF 
~ 1450°F 

• ALLOW FOR CAPSULE INSERnON ON nrE 
PAD AND REMOVAL ON lllE LUNAR SURFACE 

• CONTAIN FUEL TO CROUND IMPACT (RE~ENTRY 
ABORT) i.e. , MAINTAIN FUEL CAPSULE 
IIITEClUTY 

• MINIMIZE REWSE OF HAZARDOUS FIJEL 
FOR ANY OTIIER SYSTEM APORT, e.~., 
LAUNCH VEHICLE EXPLOSION, FIREBALL 1 

BURIAL, ETC. 

1!-74 



c;LPC DESIQI RESTRAINTS 

o CYLINDRICAL SHAPE 8" OD X 23" LONG 

· o WICHT ~ 40 POUNDS Willi FUEL c::APSUI.& 

o PAD COOLING TO <. 350'7 

o !IIIRMAL OUTPUT <: 1530 WATTS 

o ATrAatHENT BAND LOADS TO 900 POUNDS 

o DEPLOYMENT LOAD LIMITS 

LOCKING SPLINE PULL 

DOttl ROTAnON 

20 POUNDS 

10 IH.LBS. 



GLFC ENVI R(IN~:J.'TS 

NoRHAL OPERAnON 

e SURFACE n:MPEJtAnJRE: AIR • 12S°F TO 700°F 
VACUUM • LESS TKAH 8JS°F 

e CAPSULE 'Jt.HPERAnJRE: 14500f 

e DYNAMIC ENVIRON!£NT: VURAnON SINE 3C to 100 HZ 
RANDOM o.lsc2/He 10 2000 11a .. 

PAD ABORT . ~: 
e FllAGW.NTAnON: 

e FIREBALLj 

RE-ENTRY 

• !AR111 ORBITAJc: 

• SUPERORBITA!,.: 

~ 

SHOCK 1S C 
·QUASISTAnC LMD 60 G 

20l nELD SIVB 
STAnC OVERPRESSURE 52S PSI 
STA nc IMPULSE 2.1 PSI SECONDS 

SHEETS 1 I~ TO 200 Fr2 300 FPS TO 3500 FPS 
COMPONENTS 1 LB TO 200 LBS.li)O FPS TO JOOf FPS 

SOOOOV MAX. TO 12 SECONDS 
187S°F AFTERFIRE FOi 1 HOUR 

lNl TIAL VELOCITY 
HAX. HE.Ante RATE 
OURAnoN 

lNinAL VELOCITY 
INITIAL 
KAX. H.F.AnNc. RATF.S 

DURATION 

25,708 FPS 
110 B'ru/fr2• SIC 
6600 SECONDS 

36,333 FPS 
6·1/4° to Ja0 

6-1/4°-~80 Bni/~•SEC 
3ao - 1900 BTU/t.-.;tc 
6·1/4° • 170 SECONDS 
J80 • JS SECOKPS 

e .9:.[£: ftltKINAL VELOCITY 300 FPS. TEMI'!JtATURE Ol FCA l8SOOf 
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li9J , 
PRIMARY HEAT SHIELD 

SECONDARY HEAT S1U!.LD 

SHS ATTACHMENT RINeS 

SHS ATTAatHENT BOLTS 

lNSULAUON 

LA tal n TTlNC 

FORWARD CAPSIILI! SUPPORT 

DOHE COVIR 

CA.PSULE/IIACitPLAII 

SPLIN! LOQt 

CA.PSULE 

DESCRIPTION 

CRAPIIITI': PRIMARY SNiru 

CYLINDER 
END CAPS 
IU:TAlNER 

TOTAL CRAPHIT! 

I SECONDARY SlllEl.D 

CYLINDER 
COATINGS 
ATTACIU.U::NTS 

TOTAL SECONDARY SHIELD 

INSUlATION 

INSIDE END CAPS 

2nu:R 

LATCH FITTING 
FORWARD CAPSULE SUPPORT 
DOME COVER 

SUR TOTAl, 

CAPSUU:/IIACX PLATZ 

TOTAL WEICHT 

RANGE 

GLFC KA'mlUALS 

• 
KA'mlliAJ, 

PYIIOCAU 406 

lie 

INCO X 

L 60S 

FIIEIFI.AX 

T1 

""· Tt., L•605, atS 302 

T1 

1.•605 

Ti, Ta, AlzO, 

1.•605 

QLFC Wl!:lGI!TS 

MATERIAL 

PYROCARB 
PYROCARB 
PYROCARB 

BERYLLIUM 
Rh, Ag, Rl6l 
INOX, Ti L60S 

FIDER-FR.AX 

Ti 
Ti, L·60S 
Ti 

L·60S 

CMUNQ 

IONI 

A&. lh, IC•l6S 

A12o3 

OXIDIZID 

ICONI 

CAaa3NAft llft 

LU'llOID 

lfOtC 

OXIDIZID 

NOMI 

IIC-356 

7.90 
6.16 
~ 

14.49 

5.62 
,JO 

-L.ll 
7.49 

.87 

.98 
1.27 

.43 

2S • .S4 

14.80 

40.33 
38.89 'IO 41.04 

JC-TI 



SUl'tfA.ItY OF .t.C11JAJ. <1Y£_~ 

CLFC CLFC 
SYS'l'EM FCA. HARDWARE TOTAL 

.Gl!& (LPS) W/J!CA. (LBS) 

~ 14.8 2~.55 40.35 

FLIQIT 1 14.8 25.60 40.40 

FLIQIT B/U 14.6 25.40 40.00 

FLIGHT 2 14.7 24.85 39.55 

FLIGHT 3 14.1 25.44 39.54 

FLIQIT 4 14.4 25.00 39.40 

Jr.-1BA 
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(JLFC/FCA RE-ENTRY PROCRAH 

S.'.F~TY CRITERIA 

CONTAIN'ki!:NT OF ntEL TO POINT OP GIOUND IMPAct 

MORT REGI!Il'! 

EARTH ORBITAL DECAY 
ABORT IN TRA.NSLUNA.R TRAJECTORY 

6. 25° .,.. 38° DPH (MOST PRO liABLE) 
38 - 90° DPH (POSSIBLE) 

ATTACHED TO LK TO POINT OF RELEASE 
CASK KintER SPINNING OR ORIENTED 

f!QGMH 

CHARACTERIZE MAmRIALS/MATERIAI. BEHAVIOil IY t'IST 
INCORPORA~ MAXIMUM DESIGN CAPABILITY 

FUEL CAPSUT.E TEM!'I.\RAniRE 4. MELT 
NO STllJGTIJUL FAILURE OF GRAPHITE 

ASSESS CLFC/FCit. IN ~RST (LIMtT) CAS!S 
DITERMINE MOST R.EASONA.BLZ RE-ENTRY OONDIII<*S 

LK CONFIGURATION · 
LK BREAX-UP 
CLFC/SUPPORT STkUC'nJll INTIRACIIOKS 

GRAPHITE MATERIAL CHARACTERIZATION PROGRAM 

ROOM TEMPERATURE - TO 4Sooor 

PROPf.RTIES 

TENSilE cr , E 
SHEAR a-
ru:xtJP.l': o­
co~U'RI::S!liON T , E 

EXPANSION 
CU~HJUCTIVITY 

SPECIFIC HEAT 

ARC JET IT.STS 
n.'NNJ::L n:srs 

Rt:Ft.ECTOM~-:mR TEST 
TOTA!. HI::MISI,IERTCAL TEST 
COA Tl NC:S OEVI::LOPMI::NT 

wt:IGIIT LOSS TESTS 
OXIDIZ.f.D FI.Jo:XUII.E TESTS 

Alk, VACUtrn STEADY STATE 
ANn NON-Sl'F.A!lY STATF. IT.STS 
OF MA"flo:kiALS IN CONTACT 

P.F.I'Rf.SENTA TI V! SAHPU: 
DEVELOPMJo:NT 
Dt.:NSITY GRADIENT TECHNIQUES 
PROCESS DEVELOPMENT FOR 
QC CONTROL 

A8 i'J.AN! AND C DIRECTION 

STRENGnt FOR DESIGN A.LLOWABL!S 

• ntERHAL DATA FOR ntERHAL 
STRESS CALCULATIONS 

• ABL.ATION RECESSION CHARA.Cll:RISTICS 
FOR RE-ENTRY PEIU'ORHANCE 

• EMITTANCE PROPERTIES FOR nttRHAL 
CONTROL 

• OXIDATION PROPERTIES FOR ON-PAD 
AIR EXPOSURE 

• COMPATIBILITY INFORMATION FOR 
DESIGN AND SAFETY INTEGRITY 

, SPECIFICATIONS 

II-1P. 
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RE-ENTRY CASES E\'ALUAn:D 

REFERENCE CASES 

• FREE AND UNENCUMBERED GLFC 

LIMIT CASES 

• ULTRA-CONSERVATIVE 

e CLFC FOLLOWS IN TRAJECTORY AFTER SEPARATION 

e AUGMENTED"HEATING (FACTOR OF 5) 

e TWO CONDITIONS 

KAXIHUH HEATING (GLFC IN ITS OWN FLOW) 

THERMAL SHOCK (GLFC HF.A THIG IS 0 TO POINT OF 
KAXIHIJM LM HEATING) 

MISSION AIIORT CASES 

• 
• 

• 

CLFC AND SS HEATING WHILE ON LM IN THE LM FLOW 

CLFC AND SS FOLLOW 11'S "oWN TRAJECTORY AFTER SEPARATION 
FROM LH 

CLFC FOLLOWS ITS OWN TRAJECTOR\' AFTER SS HELl'S 

GLFC WintOUT HEAT SHIELD 

RE-ENTRY !-'.ODES FOR AT.t CASES 

e SIDE-ON STAGNATED 

e PLANAR TUMBtE 

e SPIN 

J[-14 



TABU: P4-3. OLFC MISSJON ABORT THERMAL RESULTS 

Qr..,.. .. o.D, a.-........... ....t"fi!W .... ..... ...... ............ ...... ··- -- f- --,- ~.::..· .... (~1 -·- .. Mu ·- •• -·- •• - ··- .. .. _ .... ,,_ •• .. _ .... ••r•'-• ·---~ ·- ·- .... ... ·- ... . .... ·-
p-,7, ... , ." =·= '"" -· .... .., -· .... .., -· .... ,., .... -· .... .... ~ ... ,, ....... 

'--" 
·:~:..:.~."/~ .. ,.-- -·D .... .... ... .... .. .. ... .... .... ... .... .... - .. .. .. QI.IC._._...., ... _ .. 
• :':...:J·.:;"'· ~ ,._.o ·- - .•. - .... ... .... .... ... .... .... - .. . .. .. Olf'C'"...,.... .... .._ .... ""'-· ...... 
..... I._.........,, a... -·D •• -- .... .. .. ... .. .. .... ... .... .... - " . ... o•.rr....,..,......_• 
....... t.l)l . ., .. _, ...... 
~::-~·'-- ...... .... .... ... ... - ... .... .... ... .... .... - " . ... ._,..._I,OI.IC ...... ...,..,_ ....... _, ....... 
.... ~.&.-.. 

_ .. - " ... - .. ... ..l!!l ·- ... ... ..!!!!. ..!JI.t . .. .. .JIJ1. ··- .... 01-X ............. ,._ 1M_, ••n-,a•u. ... -.........- _ .. .... • '" JIL .. ... .... ... .. .... - ... • • .. .. L- t.t!M' OUt' ..., .... ,._ 1M'_. ··- .. "·'-· ....... ... ___,,.__ -·D - " ... - .. ... .... ... •• .... .... - .. .... ..... ··- Oil(' ...... - ,.._ 1.M _, 
... u ............. ... ___ _ .. .... .. ... - " .. ..... .. . .. .... .... ... • ... ...... .._ 
OIJI'C.,......_,._UIIW ··- ................ ... __ ._ 

--D .... .. ... - " .. .... ... .. . ... ·- . .. .. .... .. -.__ o&.rc.....,........_ .... _. ........ . ............... 
11111111. 

l, ,_ ..... 1.-- ....... C...."" ....... T ................ ., ... y_.,..., .,..._ ...... ~ ...... 
•. a..- u..- - .__ ~a.., 1M ............... 

L-----~~--

SNAP-27 SHIELD RECESSION HISTORY 

.I 

NOTES: 
1. Orbital Decay llaleranc• ea ••. 
2. Side-Stagnated 

.08 

.06 

.02 

6000 

------· .. __________ _ 
0 • 7000 0 4 00 sooo 

TIME f'RC»{ 4001C.FT • SEC 



a • 

MAXIMUM HEAT SHIELD ABLATION 

e FREE GLFC (REFERENCE CASE) 

EARnt ORBITAL 
SIDE-ON STAGNATED 

e LM TRAJECTORY (LIMIT CASE) 

!ARnt ORBITAL 
SIDE-ON STAGNATED 

e MISSION ABORT CASE 

EARnt ORBITAL 
SIDE-ON STAGNATED 

ABLATION 
(INCHES) 

0.098 

0.238 
(.141 AT MAXIMUM 

HEATING) 

.t:0.098 

IC-1' 
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• 4.890 

4.880 

~ 4.870 
:1: .... 
1111 

~ 4.860 

iCI 

4.850 

4.840 

.045 

.040 

~-035 

~ .0"30 

tl·-025 
::s 
oZ 
~ .020 
u 

.·g :::: .. 015 ~ 
~ .010 

Q .• oos ~ 
"0 

.... oos 

CAPSULE/GLFC REMOVAL TEST 
REWORKED EP'CS • QUALIFICATION CLP'C 

B'B A'A. 

' WITHD~~~ FORCEJJ' 

BACKPLATE TEMP • 

-lil 

A • BACKPLATE TEMP. FOR JOPOUND WITIIDRAWAL FORCE 
B • LATCH FITTING TEMP. FOR 30 POUND WI1HDMWAL FORCE 
A' • BACKPLATE TEMP. FOR 19. 5 POUND WITHDRAWAL FORCE 
B' • LATCH FITTING TEMP. FOR 19.5 POUND WITHDRAWAL FORCE 

100 
.,----.-- ----·--··-.--

200 300 400 500 600 
TEMPERA 'MJRE • °F 

DUMETRAL CLEARANCE AT lU!:AJt SUPPOilT 

700 

MA.XtMUM DRAWllCIC TOLERAlCICI ~ 

MINIMUM DRAWING TOLERANCE 

100 200 300 400 ·soo 600 

800 

30 

20 

10 
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'i'' 1 ---------~ c' 

~~-·- D 
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'l"IO 
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\J_ __ /J 

MAXIMUM DOME ' 
1T!M 2 SUN POS~~~ OF'P' . o.,. irENPE lTIJRl -lO Milt ' 

A. COKTROL POINT 710 67S . 648 i 
I 

1. LATQI 'lUNG 734 70.5 683 

2. BACKPLATE 828 823 690 

3. CAPSUL! DOH! 1420 141.5 1392 

4. IMPACT I.INC 1136 1124 108.5 

§l!AP-27 cet.FC ANOMALJ TEMPEAATl'R!S 

2 SUNS MAX. POSSI !ILl 
LUNAR SURl'AC! TEMPERA'n.JRES 

ROW C 710 <7 67.5 <7 
ROW c1 

797 ov 774 °F 

lOWD 807 Op 790 0, 

ROW I 712 <7 690 Op 

'l'OTAL CYLINDIJt 7.56 Op 73.5 o, 



A-A 

SOLAR FLUX 

SIIJELO ORIGINAL SIZE, HAS BEEN 
REOI!CED. IHWI>VEH rl.fRRE:!'l' 
PROW"\~! \4£ LL AS:;Prn·: 2 D f AJ!En:R 
SIZE AND USE 2 SUN HEAT Fll',{ 
INPUT. 

SOLAR FWX 

2D 

FIGliR~; 2-4. IJORST CASE GLFC I.U:\AR ENVIRONNr:NT 



. (N_£;~ PACE 
YSTEMS 

SPACE DIVISION 

FLIGHT 
HANDLING 
TOOl 
HANGIJP 

POTENTIAL PROBLEtA AREAS 
OF CAPSULE REMOVAL 

INTERFERENCE BETWEEN BACKPLATE 
AND LATCH FITTING 

MOVEMENT OF IMPACT R lNG 

I NTERf ERENC£ B£1W££N 
CAPSULE AND IMPACT R lNG 

::a·fl/ 
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CAS EXIT 
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t\M:t; Pl.ATF. R~:WOIUC SIIM}-IARY 

••~a.•• 

DIA • 

! .. ,.," DIA. MIN A CArsm.E ~o. hl-.f'(IRE AFTF.R (OIA) 

l QlJ,\L FCA ~14 4.8~01-4.RS32. 4.81.54-4.~1<~5 I .006 
F1.T 2 FCA I;~ 4.8SJ8-4.8S70 4.11S20-4.852S I .004 

! RAt:Kt'l' FCA !t6 I '·. fhllll-4. 851 'I 4.R500-4.8H9 .oou 
! fi.T J FCA #7 4.R';25-lo,IIS36 1,.3:;)2 .ooo 

::-t.r 4 FCA tJ5 ' 4.11'JJ~-4.1\5!.0 4,1\538 .000 

1!:-fS 





GLFC IMPAcr TEST 

tMPAcr RES~S! C1Y CLFC/CAPSVU. 

TEST CONDITIONS 

Capaula tempe~ture: equ1val~t re-entrr 
11,000 ft. altitude above terrain 
Concrete target 

DATA OBTAIN!p 

R.&ndom ti.DbUng mode 
Terminal velocity • 29$ fpa 
KaxLmum velocity • 304 !pa 
Capsule temperature at releaaa • 18900f' 
Caliche aoil impact 

JI-47 
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GLFC BLAST T!SI 

PUi.POSI 

-~·~------~~ 

RUlilt1c r.raluation of blaat c:apabllit7 
Compariaan with analyaia 

T!ST CONDITI(I{S 

600 pal atatie owerpreaaurw 
2.2 pai-aec impulaa 

TEST SPECIMEN 

Actual CLFC 
Actual Capaule h.e&te4 
Simulated fuel 
Fully inatrumenta4 
Betldu 1110\lDt 

TEST SET-UP 

Shock tunne 1 

r.£5 ;trS 

2 ft diameter 
Preasurized to aea-lavel 
C-4 pla1tic exploaive 

1..57 fpa velocity 
ctFC cylinder completely deatr~ 
SHS found 750 ft fr001 tunnel 
CLFC eod cap• aaaentially intact 



rH~PA~fS 

ASTRONAUT INSTALLS rr,h fXIT 
F'UGHT HANDlf>~(', lf...Ol 

1
-~:.r~<w~~~-T-IN-(H_A_M_B_E_R __ r_A_S_T_R_O_N--AUT ASTR<-lN-A-UT t.NO [ ti~TRONAUT 

A >'I AI t lNG PEilMI:;~ION CUT', UC"> lllMOVl.S DOME _t_ i<l M()VlS >--•- -1-
TO 8tGIN TE~T lfADS 'li'LINEUKKpr>ERATIQN EFCS 1 

110 . ·- ----- --------+--~--

~
~:~g = ~ . 5:1C~c--~o --~~ /I\ 

r<,QR •• · .. - o ./-: < ~ "t'<_ I \ 
110 H[';T -- C l--f------f--+.x...:f----+--+---f--_."..-,~----4---4---4---f---

H 1 Lfu -"-.to. ' o , 
T LEG ~ ' 

FIG 7 GLFC OPERATIONAL TESTS ASTRONAUT 
SPACE ~UIT TEMPERATURES 

A:,T I<ONA\)T 
LE AV(:. 

CHAMf.f.R 

()'IT f'I)QM 

CHAMBER 

7C'-ItJ4 
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GLFC TEST PROGRAM - DEVELOPMENT TESTS 

PYROCARB 406 CHARACTERIZATION 

6 SERIES OF VIBRATION TEST (1 HOT) (KIST Wlnl BENDIX HARJ>WARE) 
3 n:ST SERIES AT BENDIX 

T/V TF.STS 4 DAYS 
BENDIX T/V TESTS 

CIW'ItiTE EMISSIVITY AND COATING 

Lln'ON CHAMBER FUNCTIONAL TESTS 

ASTRONAUT LIVE DEPLOYMENT TESTS 

SPLINE LOCK/GRAPHITE OXIDATION TESTS 

SPLINE LOCK PULL TESTS 

MATERIALS COMPATIBILITY TESTS 

IER.YLLlUH SHS COATING EMISSIVITY TESTS 

CLFC SAFETY TESTS 

o PAD ABORT TESTS 
SIVB BLAST TEST 
SIVB FRAGMENTATION TESTS 

o RE-ENTRY 
DROP TEST (TO TERMINAL VELOCITY) 
£MES ABLATION AND T1 BAND n:STS 

CLFC QUALIFICATION TESTS 

o JOINT QUAL lollnl BENDIX HARDWARE 
OA TEST 
AIR SOAK 
THER."!AL VActnJM 
LAUNCH VI BRAT! ON 
LUNAR tiESCt:NT VIBRATION 
SHOCK 
TILT AND DEPLOYMENT 
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Addendum Ill 

LASER RANGING RETRO­

REFLECTOR EXPERIMENT 

Presented by Dr . .J. Faller 

VVesleyan University 
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Addendum IV 

APOLLO LUNAR 

SURFACE DRILL 

Presented by VV. Britton 

Martin - Marietta Company 
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fl1ura 11·3 ALSEP Subpackaae No. 2/ALSD/ALHT Carrier Interface 





APOU.O LUlWl SlllU'.ACI DRILL 

ou.c:rm-
(1) DJ.ILL 'l'WO (2) 1-1/8 INCH DWIIITI!R 1101.18 BACH TO A DtPlH or 

TIN-PUT Dl SUPPORT or III!.AT PUJol UftUNINT (Hn) 

(2) DI.ILL ON! 1-DICII DIAMKTER IIOLE TO A J)EPTH OP IIGIIT-RIT 
TO 08TADI SUB-SIJIUi'ACB CORE BAHPLIS, 

IIU<IUWICI lliQUIREHINTS -

(l) STalED ON ALBEP IN SEQ RAY IN TRANSIT 
(2) DR.lU. 'l'WO ltOLES rat 11R D1 THIRTY HINITl'ES 
(3) DRILL ONJ! ll<iLI POll COU SAMPLES IN 'l'WIN'l'T-PIVI MINIITII 
(4) ALBD SHALL NOT I!XCEED ll.O POUNDS 
(~) OPI!RABLE BY ONE ASTRONAUT UWEil l/6-G ENVII.ONMIINT 
(6) DPOSID SURl'ACES OP ALBD SIIALL NOT UCKRD uoor 

ILIC'ri.JCAL - PROVlDI Stll"FICliNT INF.RGY TO DRILL TH11n IUI-SUUAC& 
HOLI:J IN A LUNAR. ENV lR.ONMEHT. 

ISTIHATI!D l'IMIII UQUUF.IIENT • 130 IIATT-IIOURS 
AVAlLA8LI ~'WEll • 300 WATT-HOURS 

- llmiBTAND TRANS-LUI'lAR SIQ-RAY TIKJ'CRATUUI ~ 20-160°P 
OPIUI.ATE AT LUNAR. SUN ANGUS OP 7 TO 45 DIGUES AIIOVI 
TilE IIORIZON. 

'LOW 't?.MI'P.RATillll DJ!!IlON MAllO lN (IIATTEilY) 6 • 300, 
BIGII Tl!ltPKRATUR.I DESIGN HAIIGlN (IIATTUY) 6 • 3}

0
P 

Ma:IWIU:.U. - lllTilSTANU LAUNCH AND BOOST, AND LUNAR DESCENT tiECRARlCAI. 
11/VlllOIIM!NTS Or VIBRATION, SHOCK, AIID ACCILERATION. 

QUAL. UNIT UCIIVI!D DOUBLI PJtPOSUR.I TO QUAL-LIV!L 
11/VIJlONHENTS liiCLUDING IINUSOIDAL VIBRATION. 

DRILL T1lll&l IUB-IU&PACI HOLIS IN A LUNA& INVIJ.ONICIUI'i' 

QUAL. UlllT IUOIID TO 4 CC»>l'LLTT DI.D.I.DIO IUIUOII, 





• 

DEVELOPHF.:T (I;. ITUL co:;TaACT) 

J>a.'ER llF..AO PrRCUSS IV! ENERGY 

CORE .Jrr Ol'l'll1IZATION 

COIU: ST£!1 OPI'lMIZATIO!i 

HOLE CAS I;;c OPT DiiZATIOO 

BA14F.RY CEW 

IIIGil 6. LOW TEMPERATURE OPERATION 

VACUUM OPI':RATION 

IIL'MAII ENG C>EER ING 

FINAL SDIULATED LUNAR SURFACE DaiU.INO (BYSn:M Lftil.) 

FU:LD TESTS (DEATH VAWY & JWCWrJEJ.D) 

$!VAL If ICA TION ( JN IT UL CON'l'RACT) 

VIRRA TION (S JNUSO IDAL & RAIIDctt) 

SHOC•~ 

ACCILUATIO!I 

, IUCTRCIIACNET:U: DITUIEIINCI 

niERHAL-VACUIJH 

SIHIJI.A'nll l.UIIAI S111U'ACI OPEIIATIOII (l/6 ... 6 SPACISUIT) 

DE\1:LLm_~li (l«JOIFICAJIOJ; cor;TR,ACT) 

· IIOROJ:-FILAKE::T/P'IUERGLAS !lORE ST£!1 TEST 

Jllltf. lilT TESTS 

. QUICK !!£LEASt: AOAI"!l.R 

Slln:L.\TJ::O Llil:AR SURFACE DRILLII.G (SYSTEM LEV!l.) 

!l.li/ILIJ:.!_~ (MOIJIFIC,\TION COIITRACT) 

VIIIRATIOII (S L':USOIDAL 6. RANOQi) 

SIIOCK 

Ol'ERATIOI: t:: SIMULATED LUNAR SlliFACE 

ACCII'l'A::ct, 
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Pll«lti'IT!i\DD PI!! rol! MUg IN! 
l, INV RONHINTI 

'IIIATIQif 

I, .IU.Ill8 OIQAT:rc. 

ltll1111 DII'I.DIIIDII' 

JlllfD IliAD 

&A 'nUl 

aau lt'DI 

CCIII nllll 

DULL 111'1 

I!IS! JON !!!!IY Jlpc!m 

l Dl'OSUII 10 Jl.lGRl' UVIL 

l Dl'OSUU 10 IIQtDW. ICIIIIIII 
C1Ctl 

1 C:1'Ctl 

JO NDIU'nll fOIIIa-()1( TDCI 

UO tift•IIOUU 

l HOLI 10 A )-ttafta DlftB 

1 BOLa '1'0 A 2•111TIIl DIPnf. 

10•IHCH&S 011 IIAID lOCI: Dllli.LIIID 

10 C:YCl.U 011 OPIJATtl* 

OV!Il·TIITI 

2 DPOSUUS TO QW.LIYlr.ATI~ 
LlvtL, 1 IXI'OIUU TO n IGKT 
l.EVIL, PLUI LOW JUQ!IINCI 
OVJ!I-TISTI 

1 DPOSUU TO HtGI! tHIINAL 
DTIF.HIS, 1 DPOSIJU TO 
UM Tlii!RMAL ElTRJ:Io!l!S, HOM­
PRES SUI IZED P!UEI 1/EAD 
OPIIIATIOII lH VACIJUit, 

t-lO CYCLIS 

120 MlNIITJ!S I'Uii:R-011 TDCI 

300 IIATT·IIOUU (AVAtL.ULI) 

4-6 IIOLU TO 4 J·IIIITU 
DIPnl 

4 ROl.U TO A 2\•HI'I'D 
DIPTII 

S0-60 INCHU C/11 H.laD lOCI 
DULLING. 

JO Cli'CLI8 r:JII OPEIATIOII 



Addendum V 

HEAT FLOW EXPERIMENT 

Presented by Dr. M. Langseth 

Lamont Geological Observatory 
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TAIL! !1 SUIFAC! H!AT r~O\I rott VAIUOU. TJIUI<A~ JIJITOltr.• or 
TKI MOOH (Arr&R rUCkll KT AL,, 1067) 

lMlT!AL IWI!OACT!VE DP.PTH Tn IIUR,ACE 
T-&UTUU IIOTOPI AIUMO, FUSION 

CAL X 10~~ /cm2•ec2 

COLD~ C CKOMDllT!C (IDE) 
Ol,!UMT!ATlD ~60 ... 2. 7! 

COLD 0° C TIWBTllAL (801) 
Dl,&UMT!ATI:D 620 km 2.1'-

w- ~00° c CJIOliDRqtC (901) 
DlrrF.Il!MT!ATJ:D 480 kill 3. 71 

WA1H ~00° C CIIONDRITIC 
tl!fDiniREHTlATf!D 300 k• 3.30 

vAaH sooO c CHO!I'I>R!TIC (1001) 
Dl,ER!MT!ATID NO FU!Ilot4 J.ct4 

YOUNC 2.S x 109 CHO!IDRIT!C (80%) 
WAJH 500° C DlFfli!NTIATID 280 ... 1,21 

-·----- .......... - .......... ........-------··--· 

TEWITilAL"' 

• HACDOIW.D (1919) 
t 'IAIIEM8URC (1964) 

1,0ft7 

--

0.007ct 4.4 

11.43 ),ItA 

K dT I 
- d';- DC 

~-I 
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.1illtill. 
T-14A ,T-14C Without Electromcs 
T25A,T27AI,T27A3,T31A W1th Electronics 
T-27 cn20"C Gradient Tests 
Others as 2'C Gradient Tests 

TI4C,T31A 

--------
T25A 

AveroQe Temperoture('K) 

PROTOTYPE MODEL ACCEPTANCE TEST SHORTING RATIOS 

------~-- --·-----·---

0.2'~----------------------------------------------~ 

0. 

0. 

0 
a •• 

.... -----------
...... ~- Glass Beads+ Vacuum , ... 

,, 5 
, K • 2 X 10- Cal 1cm·sec·C 

------------------ ----o--o n 0 
__ ., __ 

Glass Beads+ N2 

K • 5 X 1 o-4 Cat/cm·sec·C 

100 300 500 BOO 900 1000 1200 1400 1600 
200 400 600 

Time (Min) 
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.... j 0.3 

~ 0.2 
ii 
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0 50 100 

1 Beads+ N2 
1 Beads+ He 

150 
Time (Min) 

(1.2 X 10-3 Cal/cm sec Cl 

(5 X to-4 Cal/cm sec Cl 

200 250 

HEAT FLOW BRIDGE CIRCUIT 

~----~~~-------------------o 0 
44ZZ-1505 
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BRI.DGE PULSE EXCITATION 

1 msec -f:l---ir )i:xcitation 

lr I 11 
1 wl .. , 

__,, [ ~: V
0 

Readout 

I I I I 
I: I I 
I I I I 

- .... H H...__ ~· p _ VE Readout-

V I - V !-
V E - V E-ll (J 

2. VE= 2. 
D, C. Offset is Caricdlu<i 
Bach Sensor S;llllplecl .b.:very 7. 2 Minutes 

BLOCK DIAGRAM Of HEAT FLOW ELECTRONICS 

ao au 
Shift 
R•aleter 

:r-r 
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