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Alsep System Description



ALSEP SYSTEM SUMMARY

REQUIREMENTS AND CONSTHAINTS
SYSTEM DESCRIPTION

ARRAY A DESCRIPTION

MISSION PROFILE

ARRAY B DESCRIPTION

ARRAY C DESCRIPTION

ARRAY D DESCRIPTION
EASEP DESCRIPTION

7759-5160

LANDING SITE:

LATITUDE: + 50 LATITUDE: +48°
APOLLO 1113 APOLLO 14
& LATER

LONGITUDE:  145° LONGITUDE:  £45°
PLUS MARIUS HILLS

ASTRONAUT TASKS
SIMPLE AND SAFE DEPLOYMENT SEQUENCE
MAXIMUM DEPLOYMENT TIME FLIGHT 1. 90 MINUTES
MSEN/MCC COMPATIBILITY
MULTIPLE OPERATION
SIMULTANEOUS OPERATION OF THREE ALSEPS
POWER
SNAP-27 RTG - 63 WATTS AT ONE YEAR
7759-5102



SYSTEM REQUIREMENTS AND CONSTRAINTS

LIFETIME: ONF YEAR
LAUNCH VEHICLE:
INTERNAL (SEQ BAYS)
VOLUME: 15 CUBIC FEET
WEIGHT: 215 POUNDS
THERMAL: 20°F TO 160“F DURING FLIGHT
EXTERNAL (FUEL CASK)
WEIGHT: 65 POUNDS
THERMAL: < 100 BTU/HR INPUT TO LM
ENVIRONMENTAL
VIBRATION - LAUNCH, BOOST, AND LUNAR DESCENT
LUNAR SURFACE
TEMPERATURE: 3009 YO 1250

vacuum: <1072 ToRR

7759-5101

DUSTY MOON
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ALSEP FLIGHT ASSIGNMENTS

APOLLO 11
APOLLO 12
APOLLO 13
APOLLO 14
APOLLO 15
APOLLO 16

ARRAY A

EASEP
ARRAY A
ARRAY B
ARRAY C
ARRAY A-2
ARRAY D

7759-5103

" CONFIGURATION DESCRIPTION

7759-5104



ALSEP |

STOWED CONFIGURATION

RTG

SUPRATHERMAL

1ON DETECTOR ALHT

# CARRIER
“LUNAR SURFACE
MAGNETOMETER

. AF I \-
ANTENNA? \\ i &
A

(N
NN
71\&
soLAR WiIND” N\ T % PASS IVE SEISMIC EXPERIMENT
SPECTROMETER N W)

AP SUBPACKAGE NO. 1 SUBPACKAGE NO. 2

AIMING MECHANISM

7759-5105

ALSEP IN STOWED CONFIGURATION

AN M EIRNI n | SUBPACKAGE N, 1

pecaN Wwa CIN DEPLOYED
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PASSIVE SLISMIC TXFERIMINT
SOLAR WIND EXPERIMENT

ALSEP N STOWED COM IGURAVION 7759-5106
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ALSEP CENTRAL STATION

7759-5107
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CONFIGURATION
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ALSEP SUBPACKAGE NO. 2

7759-5116
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SUBPACKAGE NO. 2
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SPECIAL TOOLS

UHT 0.53 LB )
EACH

CASK hOME ToO0L
(PART OF ELECTRICAL
POWER SUBSYSTEM)

SMAST L3048,
TOTAL
(ONE HALF
-~ SHOWN)
N

.

ALL WETGHTS ARE EARTH LB

14,6 18 FUEE CASK MOUNT & ENSULATION, PART OF STRUCTURTTHERMAL
SUBSYSTIM, COVERED HNDER FEECTRICAL POWER SUBSYSTEM 7759-5123
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FUEL CASK SUPPORT ASSEMBLY

HEAT SHIELD
ASSY

SUPPORT
STRUCTURE

ASSY

77595127

GEARBOX

77595128
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7759-5130A

PRELAUNCH PHASE

P
ARRAY A

KSC ALSEP INTEGRATION
INSTALLATION IN LUNAR MODULE

RTG CASK LOADING

77598-51308



INSTALLATION IN LUNAR MODULE

o SLIDE IN
o LIFTAND INSERT PIP PINS

s (LOSE THERMAL DOOR

INSTALLATION
FIXTURE

7759-5131

RTG CASK LOADING

ALIERNATU METHOD

406 LEVEL
}1%.)]

77596132



ALSEP DEPLOYMENT TIMELINE

o KEY TO MISSION PLANNING

® THIS TIMELINE §S FOR REFERENCE ONLY ~ THE FINAL TIMELINE WiLL CONFORM
TO THE FLIGHT PLAN
® ALSEP 1 TIMELINE, 2-MAN EVA
LEGEND:
EVENT LINE

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

§ COUPLED ACTIVITY. BOTH CREW MEMBERS ARE WORKING ON RELATED TASKS
AND ARE IN VOICE COMM WITH EACH OTHER. VISUAL CONTACT BETWEEN
CREWMEN IS HIGHLY DESIRABLE BUT NOT MANDATORY

% UNCOUPLED ACTIVITY. CREW MEMBERS WORKING ON UNRELATED TASKS
AND PROCEEDING INDEPENDENTLY

7759-5133
LUNAR SURFACE ACTIVITY
ALSEP N  TRANSFER
DEPLOYMENT '// \’ff ”) i) FUEL e

e Al g )

TASKS f,‘//:,_,{:;__ Ly => A e
ASSOCIATED 'xﬁ‘u REMOVE I M 1

WITH LM PACKACES ‘ PREPARE FOR TRAVERSE

Tz

R
s [
. ’_r:‘ 2

flé <

/‘.

TRAVERSE * ny [0
DEPLOY )
asep | CENTRAL (o DEPLOY ’
DEPLOYMENT | STATION  £i77} o ,f ANTEWA - % oepLoy
TASKS AT a Jﬂ\ /\(\ EXPER IMENTS
experivenT | - l R fm
SITE )/‘
7759-5134



ACTIVITY TIMELINE (CONT.)

ALK i MAIRE

[ | PR H o] ALV

AN CORAIARNDE B AL FIVED
(Y]
RUMOVE PR #)
i et
i

MONEH LOR AN Ly

SLLAIE PRG AL ol

o

RUEDCAT PR #L
Gn et
MONTIOR FOR SAFEEY REMOVE PR #
Basiu
D200 RLPUKE PR £ 0w
oy MONHTOR TOR SATETY RELOUATE PKG #2

TINTALIVE

04-2

RESTOW ROOMS
0306 StC)

ClOSL 10 BAY BOOR
(a1 MiN

OBEAIN & SEOW GHOIGGIEAL
1004
LN
REPQRE READY LOR 1L
TRANSI TR

1S

REMOVE ALY
a2 st

REMOVE & UEPEOY ALSTE
16014
(01 MIN 30 SHCH

ALICE
ot

( [ MOV
PALKAGE,

ALK &
106

ALK &
106

7759-5135
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REMOVE PACKAGES
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ACTIVITY TIMELINE (CONT.)

MIN L SEE COMMANDLR ACTIVITY | l LM PILOT ACTIVITY MCC & REMARKS
CONTINUT STOWING
GEOLOGICAL TOOLS
ROTATL PKG #2 UPRIGHT &
REMOVE SUBPALLET
(40 SEC)
MONITOR FOR SAFETY & ROTATE FUEL CASK (TRANSFER
SUPPLY T0OLS (43 SEC) FUEL
[ENTATIVE REMOVE CASK DOME
(26 SEC)
TRANSFER FUEL CAPSULE
(01 MIN 08 SEC) ACK &
07:24 REPORT: RTG FUELED 106
07:25 ASSEMBLE BARBELL
RETRIE VE SUBPALLET CONFIGURATION (PREPAR[ FOR)
{16 SEC) (27 SFCH ACK & \ TRAVERSE
01:52 REPORT: START OF TRAVERSE L0G
07:53 CARRY SUBPALLET & ALHT
LEAD TRAVERSE CARRY BARBELL &
PICK ROUTE 9
RESY AS NECESSARY REST AS NECESSARY (TRAVERSE) 0
{5 MIN 52 SEC) {5 MIN 52 SEC) @
: . ' ALK & ~
1345 REPORT: TRAVERSE COMPLETE e Ny

RTG FUELING

THERMAL SHHEED

REFEASE LAICH
HANYARD OPERATED)

i MOUNTING &
L5 sTRucture
’\\\]: S

\;\“ LM INTERFACE
b= CFITTINGS
2T 71 icrumman

\
ROTATION MECHANI SM
(LANYARD OPERATED)

CASK IN )
™ FLIGHT POSITION —ngpel_

REMOVAL POSITION
(ADJUSTABLE BY ASTRONAUT)

7759-5140
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PREPARE FOR TRAVERSE

7759-5144
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TRAVERSE
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ACTIVITY TIMELINE (CONT.)

MCC & REMARKS

MIN : SEC COMMANDER ACTIVITY I i pior ACTiviTy
13:46 -
TEMPORAR ILY EMPLACE /1 DEPLOY MASTIPKG #1
SUBPALLET & ALHT ,, (22 SEC)
(14 SEC)
oo ROTATE PKG #2
(ENTATIVE] (9 SEC)
DEPLOY PKG #2
01 MIN 3 SEC) MONITOR FOR SAFETY (DEPLOY >
CENTRAL
STATION
15:12 BECORT Alk &
: . AMMETER READING 106 PET-2ERO
15.13 CONNECT RTG TO CENT STA
(02 SEC) REMOVE SIDE/ICCIG &
DISCONNECT & STOW MAST CONNECT CABLE
(58 SEC) {41 SEC)
ACTIVATE RTG SW
12 $1¢) .
16:13 GPGRL RIG SW ON %%’Z“‘ g
{6:14 ) 0
ROTATE PKG #1 DEPLOY ST STOOL ' 3
14 SEC) {18 SEC) ~
10228 ~

1-40
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N siC

ACTIVITY

TIMELINE

(CONT.)

[ M PILOT ACTIVITY

T i
MCC & REMARKS

COMMANDER ACTIVITY
162 RELLASE SWS
{32 SEC)
RELEASE PSE DEPLOY SWS
(32 SEC) 101 MiN 22 SEC}
REMOVE LSM
(54 SEC) REPORT: ALIGNMENT ComPLElL
DEPLOY  PSE == /DEPLOY
{01 MIN 5 SEC) CENTRAL
AT RELEASE SUNSHIELD STATION
(03 MINY y |
BEPQRI: ALIGNMINT VALUES|  AGK  /pepioy
DEPLOY (SM (lXPlR )
DEPLOY SUNSHIFLD 107 MIN 38 SEC) un!wv
(51 SECH REPORY: ALIGNMENT VALUES | ACK (ANHNNA)
ASSEMBIE ANTENNA DEPLOY SIBHCCIG
107 MIN 06 SFC) {03 MIN 42 SEC
CONFIRM: AZ1EL SITTING GIVE: AZIHL SEFTING
107 MIN 07 SEC)
. W OBTAIN MEIRIC
ACIUATE SW-1 PHOTOGRAPHS OF
J: XMIR ON BEPLOYID ALSFP .
IF ALSER DOES NOT RESPOND 5
ACTUATE SW-2 AND SW-3 COMMAND: XMIR ON -
REPORT. M STATUS g
: . SW POSITIONS v
780 RLPORT. SW POSITION AK 2
4106 ~
~
78D RETURN 10 tM RUTURN 10 (M
SWS PSE LSM SIDE
CARRY 13 A CARRY 10 FT CARRY 50 FT CARRY 55 T

EXTEND LEVELING LEGS
PLACE ON SURFACE
(PARTIALLY
SELF-LEVELING)
ALIGN BY
SHADOWS

REMOVE GIRDLE
PLACE ON STOOL
UNFOLD SHROUD
LEVEL BY BALL
INDICATOR
READ ALIGNMENT
BY GNOMON
SHADOW

DEPLOY SUPPORT LEGS
PLACE ON SURFACE
UNFOLD SENSOR ARMS
REMOVE PRA COVERS
LEVEL BY BUBBLE
ALIGN BY
SHADOWGRAPH
READ SHADOWGRAPH
ALIGNMENT

PLACE ON SURFACE
DEPLOY GROUND SCREEN
RELEASE CCIG
EMPLACE SIDE ON
GROUND SCREEN
EMPLACE CCIG
LEVEL BY BUBBLE
ALIGN BY
SHADOWS

7759-5152
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ARRAY B
COWFIGURATION DESCRIPTION.

7758-5169A

ALSEP SUBPACKAGE (ARRAY B

l-50



09156512}

T

SN

NOY4) 1

-

.

1-51



L9LG6SLLY

(4y34) | 39¥¥9YdANS

1-52



B

RECTED ARRAY
CENTRAL STATION
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CPLEE REMOVAL

EXPERIMENT = ASTRONAUT:
INVERTED N @ RELEASES FASTENERS

: e ® INSERTS UHT
: )
el S22 @ LIFTS EXPERIMENT
R -y © REMOVES UHT SOCKET PIN
<\ ® ROTATES EXPER IMENT
¥

¢ B l
CABLE |
@y UHT SOCKET

- e ey ey ey ey ey

MOUNTING
FITTINGS

SUNSHIELD
7759-6163
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ARRAY B SUBPACKAGE 2

7759-B167A
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MISSION PROFILE
UNIQUE TO ARRAY B

PRELAUNCH PHASE

SAME AS ARRAY A PLUS ALSD INSTALLATION
(RECHARGED BATTERY) AT F-12 HOURS

LUNAR SURFACE ACTIVITY
CPLEE DEPLOYMENT
HFE DEPLOYMENT
CCGE DEPLOYMENT

DRILLING OPERATIONS

7759-6170

ARRAY C
CONFIGURATION DESCRIPTION

7759-6171A
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LANDING SITES

e n LONGITUDE LATITUDE

APOLLO 11 SEA OF TRANQUILITY 34E 3N
APOLLG 12 OCEAN OF STORMS a2w 3s
APOLLO 13 FRA MAURO 17w as
APGLLO 14 LITTROW 29E 22N
APOLLD 16 DAVEY RILLE 6W 118
APOLLO 16 MARIUS HILLS 56.5W 145N
APOLLO 17 DECARTE 16 E 10s o
APOLLO 18 COPERNICUS 0w 10N E
APOLLO 19 HADLEY APENNINES 2E 26N %
ALSEP 4
SUPRATHERMAL RTG
THUMPER  ION DETECTOR e
ASSEMBLY ALHT
CPLEE ; CARRIER
PASS IVE SEISMIC
EXPER | MENT
ANTENNA
SUBPACKAGE NO. 2
77595172
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ALSEP SUBPACKAGE NO. 1

7769-5173

THERMAL MODS FOR ARRAY C

SUNSHIELD

CURTAIN
(PART OF STRUCTURE) __

e A .RESTRAINTS 3)

'\‘@ /}/ REAR CURTAIN

}\ \ v

s SIDE
‘.</1

INSULATION
o MASKS CURTAINS
THERMAL PLATE >\| 5

THERMAL BAG £ —F &’_PR‘MARY
""‘,L/
W 7 STRUCTURE ———

~r (REF)
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ALSEP ARRAY "D”

) RIS H.F. PALLET
PSE

-

' R [k l" ‘\‘A T00LS
'/P ! 5 2 - .,v- %é @%)‘\ﬁkl

oo =T O SUBPACKAGE NO. 2

N
0
B

i, F, CABLE \@

ANTENNA
ATMING MECHANISM

,\\ ‘ R

7759-5180

EASEP
CONFIGURATION DESCRIPTION

7759-6181A

stooL o) {EPROBES
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SOLAR PANEL

ARRAY

ANTENNA

EASEP/ALSEP HISTORY AND PLAN

JUNE 1865 - WOODS HOLE CONFERENCE ESTABLISHED SCIENTIFIC GOAL;
- FALMOUT CONFERENCE SCREENED SCIENTIFIC PROPOSALS
EARLY APOLLG SCIENTIFIC

JULY 1965

APOLLO LUNAR SURFACE
EXPERIMENTS PACKAGE(ALSEP)

EXPERIMENT PAPLOAD {EASEP)

AUG 1965 - NASA STARTED OCT 1968 - START OF EASEP
, PRELIMINARY DES IGNS DEVELOPMENT USING

{THREE CONTRACTORS) PARTS OF SECOND
MARCH 1966 - START OF DEVELOPMENT ALSEP PLUS NEW

PROGRAM TO BU LD FOUR EQUIPMENT

:;’fh:g é‘gggﬁ%““x THIS SIMPLIFIED PACKAGE WILL ALLOW

THE ASTRONAUTS TO CONCENTRATE ON

JULY 1968 - DELIVERY OF FIRST MAKING A SAFE LUNAR TRIP AND WILL

FLIGHT ARTICLE PRODUCE IMPORTANT SCIENTIFIC DATA
OCT1968 - DELIVERY OF SECOND LONG AFTER THE FLIGHT

FLIGHT ARTICLE

PLANNED MISSION ASSIGNMENTS
APOLLO 11: EASEP
APOLLO 12: ALSEP A) [ CONTAIN 8 DIFFERENT
APOLLO 13 ALSEP B } { EXPERIMENTS IN
APOLLO 14 ALSEP C J | SETS OF 4/FLIGHT 7759-61818
: RETRO-
REFLECTOR
ARRAY
TILTING

PASSIVE SEISMIC
EXPERIMENT

1SOTOPE
HEATER

DEPLOYMENT
HANDLE

HANDLE

LASER RANGING
RETRO-REFLECTOR

7769-5182

/-1



PSEP SUBSYSTEMS

STRUCTURE/THERMAL ANTENNA | paTA
SUBSYSTEM ELECTRONICS [ SUBSYSTEM

SENSOR

PASS IVE
S |
PER IME
ELECTRICAL eLecTRONICS | EXPERIMENT
POWER '
SUBSYSTEM DUST DETECTOR N

PSEP STRUCTURE/THERMAL SUBSYSTEM

SECOND MOUNTING
SURFACE PLATE

J INSULATION
ANTENNA MIRRORS ® COMPONENTS & FUNCTION
TIEDOWN e 7 oo ® DEPLOYMENT
THERMAL AP T U iR
PUATE N HEATERS 21 ® COMMANDS & DATA
THERMAL
BAG

ANTENNA
POINTING
MECHANISM

SOLAR PANEL LINKAGE
{DEPLOYED)

PRIMARY b ) RESTRAINING
H HANDLE BRACKETS (4) 7759-5184

STRUCTURE

[-1a
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LUNAR SURFACE PHASE

REMOVE DEPLOY

PSEP

: e {1

REMOVE Sy S
LRRR DEPLOY Lﬁ?ﬂ;tff o
LRRR 7759-5189
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ALSEP FLIGHT 1 RELIABILITY

SUBSYSTEM RELIABILITY GOAL CURRENT RELIABILITY PREDICTION
POWER 0.8900 0.9819

DATA 0.8642 0.8766

STRUCTURAL/THERMAL  0.9997 0.9926

PASSIVE SEISMIC 0.9200 0.9322

MAGNETOMETER 0.9800 " 0.7844*

SOLAR WIND 0.9900 0.8543*

SIDE/CCGE 0.9900 0.6803*

*GFE PREDICTIONS FURNISHED BY NASA.
7759-5195

e e

ALSEP FLIGHT 1
SUBSYSTEM FIGURE OF MERIT

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 0.820915 7759.5196



ALSEP ARRAY A (FLT1)
LUNAR PERFORMANCE INCENTIVES

19 NOV ‘89 17 MAR 70
100, I

[

80}

7 TOTAL POINTS AVAILABLE

4
2 S CENTAAL RTATION
2w ® RECEIPT OF ENGR. DATA 1
7 ® CONTINUOUS DATA (C/6) 6
g ® FINAL TURNOFF 1
£ sl 8
] ® PASSIVE SEISMIC
¥ CONTINUOUS OPERATION 4
<
£ o SLAM INITIAL DATA 1
]
g SSWHINITIAL DATA 1
¥
SHIDE/CCUE INITIAL DATA 1
i ®CASK MOUNT OPERATION H
20
TotaL 17
1o
° 1 L L Y WU S 1 —=L. L L S — )
30 Gl (] 720 180180 B 740 770 300 Fa5 360
DAYS OF LUNAR OPERATION

7759-5198

ALSEP FLIGHT 1 PROBABILITY OF SUCCESSFULLY
OBTAINING SCIENTIFIC DATA ON EARTH

Stxusturs/Thermal o

100 g o~

Power System

Pagg:
298ive Setom;
ic

w90 |
8]
|}
V]
)
v -
i
[o}
>
b
= ose B
m
<
Q
&
o 3
n ~
L o
-
w
)
| 4 b ] (] ’U\)
1 MO 3 MO 6 MO 9 MO 12 MO ~
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Section 2

Alsep Power System



RTG/ASTRONAUT INTERFACE

CONSTRENT " RESOLUTION
THERMAL: * THERMAL BARRIER (SMALL DOOR) PROTECTION WHILE AT SEQ BAY
 NO SUIT CONTACT W1 TH  LANYARDS FOR CASK ROTATION & DOME LOCK

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

COOLING EQUIP ® SUBPACKAGE 2 CARRY PLACES RTG AWAY FROM SUIT
NUCLEAR: ® PU 238 1S & EMITTER
® NO HAZARDOUS DOSE ® @ PARTICLES ARE ENTIRELY ABSORBED IN HEAT GENERATI ON

® ONLY SECONDARY TYPES (¥ & NEUTRONS) GET OUT
® LOW EXTERNAL FIELD, VERY LOW DOSE LEVEL

ELECTRICAL: ® RTG CABLE HAS SHORTING SWITCH IN CONNECTOR
® NO EXPOSED CHARGED ® 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
SUBPACKAGE 2, UNREEL CABLE & MAKE CONNECTION, 2 MIN ( ALL TIMES ARE APPROX)

7759-5819

FUEL CASK DESIGN CONSTRAINTS

CASK APSULE DESIGN SYSTEM REQUIREMENT .. SYSTEM DESIGN
ENVELOPE RESTRICTIONS . DESIGN LIMITED BY SLA
WITHDRAWAL ENVELOPE
CLASSICAL AERO- . DIFFICULTY TO GRASP . BASKET DESIGN WITH
DYNAMIC SHAPE ADJUSTABLE BANDS

NO METALLIC PROTRUSIONS
OR ATTACHMENTS

NO INDENTATIONS

GRAPHITE MATERIAL . LOW COEFFICIENT OF . ADJUSTABLE BANDS
THERMAL_EXPANSION
(1.0 x 106)
WEIGHT - 42 1h . INCREASED STRUCTURAL

MEMBERS (SIZE AND NUMBER}
SAME GAEC INTERFACE

NEGLIGIBLE 1LOAD CARRY- . ALLOWABLE LOAD PATHS TO

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

7759-6200



ICS DEPLOYMENT REQUIREMENTS

TASK

TRUNNION RELEASE
SPLINE RELEASE
TILT FUNCTION
LOWER AND RAISE
DRT ENGAGEMENT
DOME REMOVAL

CAPSULE REMOVAL

MAX FORCE

20LB

20LB

20LB
20LB
80IN-LB

20IN-LB
7759-6208

ALSEP/CASK/LM
INTERFACE SPECIFICATION REQUIREMENTS
VERSUS QUALIFICATION TEST RESULTS

1. MAXIMUM FUEL CASK SURFACE
TEMPERATURE

2. MAXIMUM FUEL CASK CIRCUM-
FERENT!AL TEMP GRADIENT

3. MAXIMUM HEAT LEAK TO LM

4. MAXIMUM LM SKiN SURFACE
TEMPERATURE (EXCEPT ASTRO-
NAUT THERMAL DOOR)

5. ASTRONAUT THERMAL DOCR
TEMPERATURE

6. MAXIMUM CASK THERMAL
SHIELD TEMPERATURE

7. MINIMUM AVERAGE FUEL CASK
SURFACE TEMPERATURE
DURING CASK COOLING

8. MAXIMUM AVERAGE FUEL CASK
SURFACE TEMPERATURE DURING
CASK COOLING

8. ASTRONAUT PROTECTION GUARD

INTERFACE

SPECIFICATION

BXA/GE

BXA/GE

BXA/GAEC

BXA/GAEC

BXA/GAEC

BXA

BXA/GE

BXA/MSC

BXA/MSC

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

SPECIFICATION TEST

REQUIREMENT RESULTS

S 835°F 830°F
< 150% 105°F
< 100 BTU/HR 33 BTU/HR
< 270% 258°F
S 450°F 432°F
< 600°F 598°F
2 125% 161°F

_<_ 350°F 194°F TO 287°F*
< 250 105°F

7759-6209



FUEL CASK AND MOUNTING

THERMAL SHIELD 2.8 LB
RELEASE LATCH

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

CASK IN
FLIGHT POSITION
SIZE, IN.
8 DIAM x 23 HIGH

MOUNTING &
STRUCTURE
=1 119218

LM INTERFACE
FITTINGS

; (GRUMMAN)
~~ ROTATION MECHANISM
o (LANYARD OPERATED)

REMOVAL POSITION
(ADJUSTABLE BY ASTRONAUT)

OPERATIONS
RELEASE LATCHES AND DOME LOCK, ROTATE CASK,

SUMMARY OF EARTH WT

POWER STRUCTURE THERMAL
SUBSYSTEM SUBSYSTEM UNSCREW CASK DOME (BOME REMOVAL TOOL),
CASK 25018 | THERMAL SHIELD 28018 TRANSFER FUEL CAPSULE (FUEL TRANSFER TOOLH
NoT INC MTG & STRUCTURE 192 APPROX TIME 3 MIN, INC N PRE-TRAVERSE TOTAL
15, 0 LB FUEL MISC (ASTRO PROTECT) 528
CAPSULE TOTAL 20,018

7759-5820

RTG CUTAWAY

END PLATE
OF FUEL CAPSULE

HERMETIC SEAL

THERMOELECTRIC
FUEL CAPSULE
ASSEMBLY e e COUPLE ASSEMBLY
OUTER CASE i HEAT REJECTION
(COLD FRAME) IS YR FINS
ASSEMBLY ‘sl .
\MOUNTING

LUG

7759-5821
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RTG

FLIGHT 1 SUBPACKAGE 2

7759-5867

26



FUEL CASK STRUCTURE ASSEMBLY

7759-5807

ALSEP CASK ASSEMBLY (ACA] SIDE VIEW

7759-6210



ACA SIDE AN

CT'T - iy

7759-6212

ACA PLAN VIEW

7759-6211




TRUNNION RELEASE MECHANISM

77586214

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 7769-6201



TEST SEQUENCE (CONT')

3. QUALIFICATION MODEL (CONT’)
QUALIFICATION TESTING

ON-PAD COOLING SIMULATION
THERMAL VAC

LAUNCH AND BOOST VIBRATION
LUNAR DECENT VIBRATION & SHOCK
FUNCTIONAL TILT TEST

4. FLIGHT MODELS
WEIGHT & C.G.

VIBRATION
TILT TEST

7759-6202

ACCEPTANCE TEST PROGRAM OUTLINE

ELIGHT 1 COMPLETION DATE
1. RECEIVING INSPECTION 20 DECEMBER 1968
2. ALIGNMENT AND ASSEMBLY 31 JANUARY 1969
3. WEIGHT AND C.G. MEASUREMENTS 4 FEBRUARY 1969
4. LAUNCH VIBRATION 6 FEBRUARY 1969
5. FUNCTIONAL TILT TEST, NO. 1 6 FEBRUARY 1969
6. INSPECTION 10 FEBRUARY 1969
7. FUNCTIONAL TILT TEST, NO. 2 4 JUNE 1969

7759-6203

A0



ACCEPTANCE TEST
PROGRAM OUTLINE {CONT’)

FLIGHT 1 BU

1. RECEIVING INSPECTION 24 FEBRUARY 1969
2. ALIGNMENT AND ASSEMBLY 26 FEBRUARY 1969
3. WEIGHT AND C.G. MEASUREMENTS 27 FEBRUARY 1969
4, LAUNCH VIBRATION 5 MARCH 1969

5. FUNCTIONAL TILT TEST, NO. 1 5 MARCH 1969

6. INSPECTION 6 MARCH 1969

7. FUNCTIONAL TILT TEST, NO. 2 9 JUNE 1969

7759-6204
ACCEPTANCE TEST
PROGRAM OUTLINE (CONT’)
FLIGHT 2
1. RECEIVING INSPECTION 1 APRIL 1969
2. ALIGNMENT AND ASSEMBLY 4 APRIL 1969
3. LAUNCH VIBRATION 8 APRIL 1969
4. FUNCTIONAL TILT TEST, NO. 1 8 APRIL 1969
5. INSPECTION 10 APRIL 1969
6. WEIGHT AND C.G. MEASUREMENTS 10 APRIL 1969
7. FUNCTIONAL TILT TEST, NO. 2 11 JUNE 1969
7759-6205



ACCEPTANCE TEST

PROGRAM OUTLINE (CONT’)

FLIGHT 3

NogpLN =

RECEIVING INSPECTION
ALIGNMENT AND ASSEMBLY
LAUNCH VIBRATION

FUNCTIONAL TILT TEST, NO. 1
INSPECTION

WEIGHT AND C.G. MEASUREMENTS
FUNCTIONAL TILT TEST, NO. 2

ACCEPTANCE TEST

9 APRIL 1969

11 APRIL 1969
15 APRIL 1969
15 APRIL 1969
16 APRIL 1969
21 APRIL 1969

17 JUNE 1969

7759-6206

PROGRAM OUTLINE (CONT’)

FLIGHT 4

NoO@s~WN =

RECEIVING INSPECTION
ALIGNMENT AND ASSEMBLY
LAUNCH VIBRATION

FUNCTIONAL TILT TEST, NO. 1
INSPECTION

WEIGHT AND C.G. MEASUREMENTS
FUNCTIONAL TILT TEST, NO. 2

22 APRIL 19269
23 APRIL 1969
24 APRIL 1969
25 APRIL 1969
29 APRIL 1969
29 APRIL 1969
17 JUNE 1969

7759-6207

AR



VIBRATION SAFETY ENCLOSURE Z AXIS

7759-6213

VIBRATION SAFETY ENCLOSURE X AND Y AXIS

.\ {
i * CLOSED LOOP AIR CIRCULATION SYSTEM
| { N
A
’
N =
} ), INLET AIR

,\M/;‘ZTI W
EXHAUST (
o AR

LLLLLLLLL

7759-6215

R/3



ACA QUAL LEVEL SINE WAVE VIBRATION
LUNAR DESCENT PHASE

EEEEEEEEEEE

ACA QUAL LEVEL RANDOM VIBRATION
LUNAR DESCENT PHASE

7759-6216

7759-6217

-1y



ACA FLIGHT LEVEL SINE WAVE VIBRATION

30

TOLERANCE
\,_ o 253

O -

5- 100 Hz

SCAN RATE - 3 OCT/MINUTE

TOLERANCE ¢ 10%

I

—— e e e

|
|
I
[
[
|
|
I
|
|
.

7759-6218

FREQUENCY Hz

o
Py
3
u
3
8

ACA QUAL LEVEL RANDOM VIBRATION-LAUNCH
AND BOOST PHASE

ACA QUAL LEVEL RANDOM
VIBRATION-LAUNCH AND BOOST

PHASE

20 100 500 2000 FREQUENCY H1 7759-6219

R=/S



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

17.269 HIGH TOLERANCE
~
/ —_ 15g SPECIFICATION

12.75g LOW TOLERANCE

+3g HIGH TOLERANCE /
! T \ \‘— — = +3g HIGH TOLERANCE
-~
75¢ -
€ ZERO
759 ~ -
~.
= LI
— —-3g LOW TOLE
-39 LOW TOLERANCE 9 RANCE
4,4 ms 11 ms ‘
- . — .
‘ ‘ 7759-6220

( ACA ) INTERFACE THERMAL SPECIFICATION
REQUIREMENTS VS. QUALIFICATION TEST
RESULTS

MAXIMUM
SPECIFICATION TEST
REQUIREMENT SPECIFICATION ITEM VALUE RESULTS
—— SPECIFICATL Y —
1. FUEL CASK SURFACE TEMP BXA/GE CASK <835°F 8300F
2. FUEL CASK CIRCUMFERENTIAL
TEMP GRADIENT BXA/GE CASK <150°F 105°F
3. HEAT LEAK TO LM BXA/GAEC LM <100BTU/HR 33 BTU/HR
4. LMSKIN SURFACE TEMP BXA/GAEC LM <270°%F 258°F
§  ASTRONAUT THERMAL DOOR TEMP BXA/GAEC LM <450°F 432°F
6.  ACA THERMAL SHIELD TEMP 8XA ACA <600°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  <350°F 195°F
9.  ASTRONAUT PROTECTION GUARD BXA/MSC CREW < 250°F 105°F

7759-56916

A-/6



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 TORR
CRYOWALL -300°F
10-HOUR T/V TEST

7759-6221

ACA THERMAL QUALIFICATION TEST
PROGRAM (CONT’)

TRANSLUNAR FLIGHT WITH SLA OFF AND MAX SOLAR HEATING
SOLAR INPUT 130 WATTS/FT2
CHAMBER PRESSURE 1 X 10 TORR
CRYOWALL -300 °F
36-HR T/V TEST
TRANSLUNAR FLIGHT WITH SLA OFF AND NO SOLAR HEATING
NO SOLAR INPUT
CHAMBER PRESSURE 1 X 10 TORR
CRYOWALL -300°F
36-HR T/V TEST

7759-6222

2-17



FUEL CAPSULE INSERTION INTO|
f Ach FoR T/V TEST PROGRAM

A=/ F



SLA OFF T/V TEST WiTH [N
ACA AND IR SOLAR ARRAY §§

2~
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SUMMARY OF AIR SOAK AND
THERMAL /VACUUM RESULTS

REMOVED FCA FROM GLFC

AIR SOAK RUNS

/et REMOVED SOLAR ARRAY,

HEAT sHI

ELD FRONT
MAX TEMP

RETURN TO AMBIENY—/

TEMPERATURE — °F

HEAT SHIELD REAR MAX TEMP

Cu——— PANEL HEATERS ON

L €CA INSERTED INTO ACA

—, AP L L L L - L s - L
1800 0400 1400 0000 1000 2000 0600 1600 0200 1200 2200 0800 1800 , 0400 1400 0000 1000

A A ) } A

12069 13069 13189 2168 2269 2:3:69 2449

TEST TIME — HOURS

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° by
8

8.  ACA ASTRONAUT GUARD 90° 105° 105° &
g
™~

*
VARIATION DUE TO CASK COOLING FLOWRATE RANGE.



ALSEP CASK COOLING CONFIGURATION

7759-6228

CASK COOLING INTERFACE

7759-6229

A-AR



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
LU, 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  Compartment
Temp. °F emp. °F
- remnmsmmied CASK SURFACE

80 80 s mmsnet BAND SENSOR

%0 68 o
300 130 7T e T2 OPERATING RANGE
62 59
80 80
- %0 8
\Y
. _:\\\§ ’\
w —— \\
5 — v ]
v —_— _— — - —
g -
& —_— T — . — bl
at Ty
g — — —
Pl — T — N
: —= -
o
P>t —
150 =
i S
L L L | 1. L
X 5.7 (5] 04 (23 (13 6.7
NOZZLE INLET PRESSURE — psig
1 ! i L L
110 I 750 75 200 210

TOTAL (. U. MANIFOLD INLET FLOWRATE - 1b/min 7759-6231



ACA TEMPERATURES FOR PREDICTED
CASK COOLING
l.U. OPERATING RANGE

300 3
x%\ SUPPLY TEMP. COMPARTMENT
o
200 2 ~ - F TEMP. °F
=< < <
\ \ \ 130 80
\ \ \ 80 80
M 20 68
Zu
RER ~ ~ 130 80
X3 62 69
€5 - 80 80
gE ~ 20 68
2
Ba mm——n— CASK SURFACE ~ 52 69
a3 .
Quw
< mumane  m— BAND SENSOR
OPERATING RANGE
100 1 i i | - 1 l 1 1 "l i
10 20 30 a0 50 60 70 80 90 100
CASK COOLING AIR MASS FLOWRATE, Ib/min
L 1 ! L
100 150 200 260

LU. TOTAL FLOW RATE—1b/min

7759-6232

APOLLO 12 ACA CASK COOLING PERFORMANCE
(CDDT)

.y

2o 30 = ;
5 Pu - DUCT PRESSURE. ZA10 \\/
3R] ol SERVICE ARM PRESSURE, 2C47
= H -\
w210 =2
g w / ~1 4 ESC FLOW RATE, 2A21 \
] alt-TN e T
z 4
RIS V
= g
2 180
g RTG NOZZLE PRESSURE, 0193336
170 o0
16
—t N J
CASK SENSOR TEMPERATURE 82757
140
v
¥ L
g 120
: DUCT TEMPERATURE, 1241
g T N
é’ 10 / N\
~
H L f Nl
80 fe £ ARM TEMPERATURE 12610,
ad " o G o S Y J . 2
MENT TEMPERATURE, C.
p
- q o
g A &
¥ B
S
¥ SN ©
4 b
2 PERCENT REHEAT, 42407 8
9
¢ START LH, FILL ~
£ o L L Lol d 1 L ~
0200 0300 0400 0500 0600 0700 1200 1300 1400 1500 1600 1700'

00 1160
EST, 78 OCTOBER 1969, HOURS




TEMPERATURE - °F

ACA TRANSIENT TEMPERATURE RISE AFTER

REMOVAL OF AIR FLOW

MMH MIN (GNITION TEMP. IN 0.5% 02 ATMOSPHERE

MMH MIN IGNITION TEMP. IN 4% 02 ATMOSPHERE

CASK EXTERNAL SURFACE

CASK SENSOR

{al 1.U. MASS FLOW RATE = 150 Ib/min @ 80°F or
(b} 1.U. MASS FLOW RATE = 200 ib/min @ 130°F

1.U. MASS FLOW RATE = 200 Ib/min @ 80°F

s 1 1 ! 1 1 1 1

20 40 80 80 100 120 140 160 180
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 400° TO 500°F

«HEAT LEAK FROM RTG TO PALLET 20 TO 80 WATTS

« RTG BLOCKAGE BY ALSEP EQUIPMENT <4%

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

« MAXIMUM CREW TOUCH TEMPERATURE 250°F

7759-6235

2-A5



SUMMARY OF SUBPACKAGE 2 KEY THERMAL
CONTROL DESIGN FEATURES

» PALLET ~FLEXIBLE, LOW THERMAL CONDUCTANCE MOUNT

- THIN HONEYCOMB ALUMINUM SKINS

~-HIGH TEMP,, LOW™/% = (.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

* CREW TOOLS (DRT, FTT AND UHT) - DURABLE LOW "¢ 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 CCATING {.85/.85)

* ANTENNA, HOUSING, CARRY BAR,
CABLE REEL AND MISC, EQUIPMENT - DURABLE 3 M WHITE THERMAL COATING

7759-6236

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

Surface Lescrictics X € Comments

{un/ootton R 2-93 White Paint

{ALHT) 25 25 Suifuric Anodized

EN Antemna Gimbal Box .3 3M40% White Paint

RN 3401 White Paint

k Eancling Tocl

3. Cask Loue Removal Tosl (CDRT; 3MUO1 Wnite Paint

5. Carry 3 =S e 3M401 White Paint
7. RTG Cable Reel 225 s 3M4D1 White Paint
EN Universal Handling Tool (UHT) 25 .35 3M407 White Paint
3. RIG Surfaces .35 Iron Titinate

=B Subpaliet - 3M40 White Paint

S-'3G White Paint

,,
&5

7759-6237




RTG AND PALLET 2 LUNAR OPERATING
TEMPERATURES

Capsule End Plate
\« - n‘ ~ (500, 450)
- -
%:&l

Outer Shell & i
Cold Frame Ass'y. P

(450, 400) : \N
1 ~J ~
S
Fins (350, 300)

Pallet Under RTG

(320, 150)
<«
0
o
©
RIG/PAL Interface S
(400, 375) 3
Outer Pallet (Lunar Day/Lunar Night) R
{175, -50)
700
600
500 CAPSULE END PLATE
COLD FRAME
o 400 [
o FINS
o
o
2 0
= —
= aamd — - v—— e
& INDER FINS
2 3
W 200
=
___CUTER PALLET
100
0
0 10 20 30 40 50 60
ELAPSED TIME - MINUTES CAPSULE INSERTED AT TIME = 0 7759-6239



RTG AND PALLET TEMPERATURES
DURING COMPLETE LUNATION

xxxxxx

7759-6240

SOLAR ANGLE - DEGREES FROM SUNRISE

RTG CASK LOADING

7759-5850
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TRANSFER FUEL

® ROTATE PKG #2 & REMOVE SUBPALLET
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 DESIRED ANGLE

® REMOVE CASK DOME USING DRT

® TRANSFER FUEL CAPSULE
ENGAGE FTT WiTH CAPSULE
LOCK TOOL TO CAPSULE TO RELEASE
FROM CASK
WITHDRAW CAPSULE
LOWER INTO RTG
RELEASE TOOL FROM CAPSULE TO

LOCK IN RTG 7759-5837

234
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Section 3

Passive Seismic Experiment



DR. GARY LATHAM WILL PRESENT THE FOLLOWING SLIDES:

L

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 TIDES

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



BUBBLE

SENSOR/SHROUD ARRANGEMENT
N

VEL ’ ’/ GNOMON
-

3 / THERMAL SHROUD

GIMBAL RING

COVER

TRIAXIAL LONG PERIOD
SEISMOMETER

SENSOR HEATERS

i
i UNCAGING
/ﬂm/ MECHANISM
i

PNEUMATIC CAGING
SYSTEM TUBING

TEMPERATURE SENSOR

SHORT PERIOD
VERTICAL
SEISMOMETER

CIRCUIT BOARDS 4
. A

N

N

FLIGHT
SUPPORT
LEG

7759-5231

LEVELING STOOL —

DEPLOYMENT TASKS

REMOVE LEVELING STOOL FROM SUBPACK 2

DEPLOY STOOL AT 9+ 1FT EORWOF C/S

REMOVE SENSOR FROM SUBPACK 1

PLACE SENSOR ON STOOL, ROUGH ALIGN (GIRDLE ARROW}
REMOVE SHROUD GIRDLE PIN AND GIRDLE

DEPLOY SHROUD SKIRT

LEVEL SENSOR TO +5° (BUBBLE LEVEL)

READ ALIGNMENT ANGLE (GNOMON SHADOW ON COMPASS ROSE)

7759 - 5222
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MASS

PHYSICAL PARAMETERS

WEIGHT

DIMENSIONS

POWER

SENSOR
SHROUD
CSE
STOOL

SENSOR
SHROUD
CSE
STOOL

STANDBY
FUNCTIONAL
THERM CONT
LEVELING

184 LB
29
4.2
0.3

11.1 X 9.1 DIA INCHES
15 X 11 DIA
7.25 X 6.50 X 2.75
23X 11DIA

3.5 WATTS

4.2

2.8 (MAX)

3.0 (PER AXIS)

VERTICAL SEISMOMETER

JACK SCREW

SLIDE NUT
\

LA COSTE

CAPACITOR gppiNG

PLATES

25818

7759-5232

MOTOR AND
-~ GEARING

{THERMAL

COMPENSATOR
BAR

HINGE

7759-5218

PR



HORIZONTAL SEISMOMETER

© T MOVABLE CAPACITOR
s PLATES

/ ‘FIXED CAPACITOR

A PLATE

R 'CENTERLINE
REMOVABLE I T*{“J/ OF FLEXURES
LUNAR
MASS el ] COIL
%’ - MAGNET

TOP VIEW
FLEXURE
PIVOT -

(/“VERT|CAL

PIVOT /
P e PSSy Al
‘ SIDE VIEW 7759-5217

LONG-PERIOD SEISMOMETERS

LONG-PERIOD HORIZONTAL
“y" AXIS

LONG-PERIOD VERTICAL . || 7 LONG-PERIOD
"z AXIS [W fj)c({ﬁ:\z)ggTAL 7759-5216

3/
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’SHORT-PERIOD SEISMOMETER

~Upper Deita Rug (3) )
/ Suspension
/ Saring 'f
Z

Magriel
Assembly
| o (Suspended by
Delta Rods and
Suspension
Spring)

i~

\\

~.Coll Assembly
{Fixed to

Instrument
Frame)

v
W
< N

Deita Rod (3 -
7759-5215
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BLOCK DIAGRAM, SP SENSOR

SENSOR ASSEMBLY CENTRAL STATION ELECTRONICS ASSEMBLY

ATTENUATION

N,

COMMAND
S('%ﬂ"'c > PREAMPLIFIER |13 ATTENUATOR [~ AMPLIFIER
T { 7 SHORT
| R | PERIOD
: { Low PAss |SIGNAL
FILTER
! | CALIBRATION ATTENUATION
I : COMMAND COMMAND
| | ¥ + f
CALIBRATION ! caLiBraTioN | _ | caLiBrATION nTnO
colL ‘i SWITCH ~* ATTENUATOR ULTIPLEXER
7759-5224

CAGING SYSTEM SCHEMATIC

LACOSTE SPRING
CAGING ASSEMBLY

LONE-PERIOD
HORIZONTAL
SEISMOMETER
(TYP)
LONG-PERIOD
! . CAGING BELLOWS
"~ (6)
UNCAGING

» MECHANISM
CAGING SYSTEM
EXHAUST PORT

DISTRIBUTION
MANIFOLD

PRESSURIZING
LINE (EXTERNAL)

SHORT-PERIOD
VERTICAL
SEISMOMETER

'/ SHORT-PERIOD
VERTICAL 7759-6213
CAGING BELLOWS

315



UNCAGING MECHANISM

PISTON PISTON
ACTUATOR ACTUATOR

\
l, @ BREAKOFF VALVE

27
W

LINE TO

.
EXHAUST X / PRESSURE DISTRIBUTION
PORT s MANIFOLD
CAGING SYSTEM PRESSURE
PRESSURIZATION TRANSDUCER
LINE
7759-5214

BLOCK DIAGRAM, TEMPERATURE CONTROL

TEMPERATURE
SENSING ELEMENTS TEMPERATURE
ANALOG SIGNAL
bc DIFFERENTIAL
REFERENCE VOLTAGE 3= TO MULTIPLEXER
EXCITATION AMPLIFIER
=
3KHz 29 DVC
EXCITER HEATER POWER
¥ f FROM ALSEP

MULTIVIBRATOR

PROPORTIONAL

HEATER

CONTROL POWER RESISTIVE

BY.PASS CONTROL HEATER

HEATER FAS

CONTROL ON-OFF

SWITCH " COMMAND

7759-5225

S/e



+12vDe

COMMAND FUNCTIONS

GAIN CHANGE LPX, LPY: 0, -10, -20, -30DB
GAIN CHANGE LPZ: o, -10, -20, -30DB
GAIN CHANGE SPZ: 0, -10, -20, -30 DB
CALIBRATION LP: ON, OFF
CALIBRATION SP: ON, OFF
FEEDBACK FILTER: IN, OUT

COARSE SENSOR: IN, OUT

LEVELING MODE: AUTO, COMMAND
LEVELING SPEED: LOW, HIGH
LEVELING DIRECTION: PLUS, MINUS
LEVELING POWER, X MTR: ON, OFF
LEVELING POWER, Y MTR: ON, OFF
LEVELING POWER, Z MTR: ON, OFF
THERMAL CONTROL MODE: OFF, AUTO, ON
UNCAGE: CAGE, ARM, UNCAGE

7759-5220

BLOCK DIAGRAM, POWER CIRCUITS

BRIDGE
AND +12VDC
FILTER
Y5 VDC
BRIDGE
—
INVERTER AND +5VDC
FILTER
+2.5V0C
12VDe
BRIDGE
- nD “12voe
= FILTER
< ]
Bl |88 I
1
& W& CONTROL SERIES
g 283 SWITcH ::::LEI:;':‘"AL VOLTAGE fr——— +2.5 VDC
H jeg REGULATOR
o S a2
>0 F
CURRENT VOLTAGE
LIMITER REFERENCE

SERIES
VOLTAGE
REGULATOR

DIFFERENTIAL
AMPLIFIER

25VDC

FUNCTIONAL
POWER +29 VDC
SURVIVAL TO SENSOR
POWER CENTRAL ASSEMBLY
HEATER

STATION

ELECTRONICS
= ASSEMBLY

HEATERS 7759_5223
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g

(F)

TEMPERRTURE -

%0
TWE oH 1,
oY

valE
SUb ANGLE
WEGRLES)

120

110

107

100

DATA OUTPUT

SCIENCE CHANNELS: 43 WORDS PER FRAME

SP SENSOR — 29 WORDS PER FRAME
LPX SENSOR - 4 WORDS PER FRAME
LPY SENSOR — 4 WORDS PER FRAME
LPZ SENSOR — 4 WORDS PER FRAME
LPX TIDAL ~ 1WORD PER 2 FRAMES

LPY TIDAL — 1WORD PER 2 FRAMES
LPZ TIDAL — 1 WORD PER 2 FRAMES
TEMPERATURE - 1WORD 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
7759-5221
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THERMAL ANOMALY AND
POSSIBLE NOISE PROBLEM

THERMAL ANOMALY

INSTRUMENT SPECIFICATION: 126 + 18F, DESIGN GOAL + 4F

LUNAR TEMPERATURE NOGN TEMP NIGHT TEMP
FIAST DAY 134 F 75 F*
SECOND DAY 142 F 75 F*
THIRD DAY 145 F* 126 F**
FOURTH DAY 144 F 126 F**

POSSIBLE NOISE PROBLEM

CONSIDERABLE INSTRUMENT TILT WAS RECORDED AT SUNSET AND SUNRISE
MAY BE CAUSED 8Y SHROUD PULLING

SCIENCE CONSIDERATIONS

e

THE TEMP VARIATION OF LESS THAN + 2°F 1S 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 7759-6233

PSE AND LUNAR SUBSURFACE THERMAL MODEL

7759-56234

3-/7



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 CONDUCTIVITY iS
HIGHER THAN SPECIFIED VALUE

SPECIFIED 2.5 x 10°> BTU/HR-FT-F
ACTUAL 7.6 x 10" BTU/HR-FT-F
EXTERNAL SURFACE OF SKIRT DAMAGED BY
LM EXHAUST OR DETERIORATED IN
LUNAR ENVIRONMENT
MYLAR SHIRT (@fe)yp = -15/.37

ACT = .37/.37

TEFLON SHROUD K/l ooy = 2/.73

ACT = 73/.73 (EAST SIDE 7759-5245
FACING LM ONLY)

MODIFICATION - APOLLO 13 SHROUD

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

® INCORPORATE WEIGHTS TO INSURE PROPER DEPLOYMENT
® SEWSKIRT AND ADD BUTTONS TO IMPROVE DEPLOYMENT

THERMAL MODIFICATION COMPARISON

TEMPERATURE RANGE °F

MODEL . DAY NIGHT
APOLLO 12 145 75
APOLLO 13 126 95 + 15
7759 ~5235
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PEAK ACCELERATION {G}

1
| . \V
1 COARSE LEVEL SENSOR
1
No=
1 L

BLOCK DIAGRAM, TYPICAL LP SENSOR

V.

ATTENUATION
COMMANDS

.

DEMODULATOR

ATTENUATOR

FILTER
SWITCH

FILTER IN/OUT
COMMAND

LOW-PASS
FILTER
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10
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FILTER
MOTOR AUTOMATIC
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PEAK ACCELERATION (G)

POWER SPECTRAL DENSITY - cz/cvs

SINE Y-AXIS

ENGINEERING

QUAL

10 20 50 100 200

306
36
ovy
036
1 5 10 100 1000
m[
1
FLIGHT
(=]
<
N
S S U S 1]
v
5 10 20 0 100 200 [=1]
n
~
~

SINE Z—-AXIS

306
10
RESTART
26 sweEe
STOP SWEEP
ENGINEERING
DvVT
' v . 036 .
100 1000 1 s 1 100 1000
10 10
1 1
auat
FLIGHT
a4
5 10 20 50 100 200 10 20 50 100 200
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POWER SPECTRAL DENSITY - G/CPS

POWER SPECTRAL DENSITY - G2/CPS

0001

-5001

K

001

001

QUAL LAUNCH & BOOST

T B T T Y )
5 10 20 50 100 200 500 1000 5000

FLIGHT LAUNCH & BOOST

0

001

0001

.01

001

T S T S VS
5 10 20 50 100 200 5001000 5000

01

001

001

L0001

O

RANDOM X—AXIS

QUAL DESCENT

AR P S G S S —
5 10 20 50 100 200 500 1000 5000

FLIGHT DESCENT

. T e T
510 20 S50 100 200 5001000 5000

RANDOM Y—AXIS

QUAL LAUNCH & 800ST

5 10 20 S0 100 200 500 1000 5000

FLIGHT LAUNCH & BOOST

1
5 10 20 50 100 200 500 1000 5000

Bl

.001

0001

01

001

QUAL DESCENT

5 10 20 50 100 200 500 1000

FLIGHT DESCENT

5

10 20 S0 100 200 500 1000

7759-524 2
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| RANDOM Z—AXIS

001
g QUAL LAUNCH & BOOST
R
o
4 0001
2 § 10 20 50 100 200 500 1000 5000
H
b1 a {,
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£
o
@
%
-4
©
2
2

01
o0

FLIGHT LAUNCH & BOOST

<0001
5 10 20 50 100 200 500 1000 5000

0001

o

001

0001
5§ 10 20 S0 100 200 5001000 5600

|

{

/’\_\

QUAL DESCENT

5 10 20 50 100 200 S00 1000 5000

P it asba

FLIGHT DESCENT

7759-5244

TYPICAL CALIBRATION VOLTAGE CONTROL CIRCUIT

-12

~—1 FE +3.2V

-10 db

+2.5V
S
FET
ON/OFF
D
TYPICAL
CAL
VOLTS
ouT
Xyaz
-20 db

1 SIG
pe T

= COM
7759-6237
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? .005 CARBON SPRING STEEL MUSIC WIRE

304 CRES

APOLLO 12 SHORT-PERIOD

B

DELTA ROD

@ )

ALCOA WELDING
ROD ALLOY
062 DIAMETER

yily

-!
-1

I

19IN.

ALL Pi

’ 7

ECES SWAGED

7759-5230

NOISE PULSES
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7759-5238
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PSE SIMPLIFIED BLOCK DIAGRAM
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Section 4

Active Seismic Experiment



 ACTIVE SEISMIC

NASA No. S033

OBJECTIVE: PHYSICAL PROPERTIES TO SHALLOW DEPTHS,
FORMATION PROCESSES

MEASUREMENT: ARTIFICIAL SEISMIC WAVE VELOCHTY,
FREQUENCY, & ATTENUATION

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

7759-5630

ACTIVE SEISMIC EXPERIMENT SUBSYSTEM

XMTR ANTENNA .75 % 5. 75 x 110 IN. FOLDED

AND RANGE LINE GRENADE 4.5 IN. DEPLOYLD
(DEPLOYED) ASSEMBLY () N —
T “ye-- INITIATOR
g,] -7 n SHECTOR l ® POWER 8 WATTS OPERATING
RECEIVING ' SWHTCH
ANTENNA }J h
ARMIETRE L ‘\
[L SWTCH - - GEOPHONI
; 10 ANTRn DETECTORS (3)
Ll 0c
f“’“ég‘ STAHION 4.80 IN. HEIGHT (INC SPIKE)
AUN 1.66 N, DIAM
ASSEMBLY
T GEOPHONE FLAG

...
THUMPER
B ASSEMBLY

7 MORTAR
BOX
ASSEMBLY
15.5x6.0x 1L5IN
(STOWED)

CENTRAL ELECTRONICS
6.77%X6.18 X2.75 IN.

7769-6636



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.

LISTENING (PASS IVE} 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 1 HR NEAR END OF ALSEP MISSION,
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 OPERAT [ONS. 77595663

ASE GENERAL FEATURES

« MONITOR NATURAL LUNAR

PURPOSE:< SEISMIC ACTIVITY i BY VARY (NG THE MAGNITUDE
o IN THE RANGE FROM & LOCATION OF SOURCES

GENERATE & 370 250 Hy WITH RESPECT T0 DEFECTORS

MONITOR ARTIFICIAL
SEISMIC ENERGY

GENERATE (SOURCES}:
®EXPLOSIVE DEVICES

THUMPER  MORTAR
ASPs(21) GRENADES (4)

500
®RANGE, FT 1000
3000
5000
® CHARGE PROPORTIONA!

10 RANGE
® ACTUATED NEAR MARKED
POSITIONS ON GEOPHONE
CABLE

MONITOR {DE TECTORS):
®GEOPHONES (3) WITH LOG e
COMPRESSTON AMPLIFIERS

©OBTAIN PENETRATION OF
WAVES T0 = 500 FT

®THUS INVESTIGATE
VELOCHTY THROUGH
SEVERAL LAYERS OF
SUBSURFACE MATERIAL

® ACCURATE DETERMINATION OF SHOT
TIME AND RANGE §S FUNDAMENTAL
FOR ANALYSIS OF GEOPHONE DATA

SHOT TIME

RANGE

THUMPER PRESSURE SW SIGNAL | ASTRONAUT LOCATION

GRENADE S XMIR OFF SIGNAL

TRAJECTORY CALCULATIONS

7759-5637



ASE FUNCTIONAL DIAGRAM

ASTROSW ™ 7 | SAFETY
+29 V OPER .| SWITCHES (2)f
+29V STBY .
5y 7] Power |
5y eonmol[™ | sy MORTAR
AU
PACKAGE
12y | |
PO@E&%N | {/ARM & FIRE i
s Il WER AL | CMDS (6}
MORTAR BOX TEMP! :
GLA TEMP ‘ |
GEOPHONE TEMP | |
R T
ASECMDs (| IL_ceopHone ourpys
= —{ GEOPHONES (3}
1 i GLA TEMP
CIE TEMP | TGND MON
5 ALSEP HK 1 TRITCH DEG
e [ y I
10.6 KHz | TRout 0EG THUMPER
R ~ TIMING | GRENADE ARM EVENTS THUMPER] | THUMPER
HBR ONOFF | & DATA [~ TRANGE LINE EVENTS ARM FIRE
: 3 oat : 30 MHZ EVENTS EVENTS EVENTS
NORMAL . ofJLASE DA S
DATA -t
MODULATOR | 'T
Y0 XMTR — CENTRAT T

FLECTRONICS 7759-6639

ACTIVE SEISMIC CHARACTERISTICS
KEY FEATURES

HIGH BIT RATE (10. 6 KBPS) OF ASE REQUIRES 85-FT
MSFN ANTENNA (ON 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 1.0 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



"ACTIVE SEISMIC CHARACTERISTICS

OPERATIONS
DEPLOYMENT & THUMPER

* EMPLACE MORTAR PACKAGE

» PLACE GEOPHONES AT 10, 160 & 310 T
FROM CENTRAL STATION

o ACTIVATE THUMPER EVERY 15 FT

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

APPROX TIME, 20 MIN

POST DEPLOYMENT

+ GROUND OPERATIONS DURING
DEPLOYMENT/THUMPER REQUIRING
TURN-ON, GEOPHONE CALIBRATE, &

TURN-OFF

GRENADES

LATER, MONITOR 15 MIN PER WEEK

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

OTHER COMMANDS AS NECESSARY

L VERIFY THAT CENTRAL STATION

ASE DEPLOYMENT SEGUENCE

ASTRONAUT SWITCH (S-5) IS IN OPEN POSITION
2. REMOVE THUMPER & PLACE IN TEMPORARY LOCATION

3. REMOVE MORTAR BOX & PLACE 10 FT FROM CENTRAL STATION
IN OPPOSITE DIRECTION TO THAT SELECTED FOR GEOPHONES

7759-5632

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 ING
GEOPHONES AT 10, 160, & WALK OUT IN SELECTED DIRECTION PLAC-
ING GEOPHONES AT 10, 160, & 310 FT FROM CENTRAL STATION & IN
LINE +3° USING FLAG ON MORTAR BOX (PLUS FLAG PLACED AT 160- FT
GEOPHONE LOCATION) AS REFERENCE.

7759-5660

4



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 ARMW/FIRE CIRCUITS

12. PLACE CENTRAL STATICN ASTRONAUT SWITCH IN CLOSED POSITION

7759-5661
PARANETI R REQUIRTMINY PRIORITY [ [NDICATOR COMMINTS
SITL SELICTION | HVIT (WUPRANGE & | FYEBALL SEHCTION MUST CONSIDER BOTH
BOWNIANGH) GRENADE EIMPAGT & GEOPHONE ARIAS
DISTANCE FROM | DEPENDS ON S ITH
LISUBPACKAGE 1 |SCIENTIFIC CONSIRAINIS
[pirecTion from | 130 ¢ 8° rRomim ” ? LYERALL 1727 TUR 300 FT PLSS CONSTRAINT
&c| SUBPACKAGE | 138 FOR 200 fT (M SEPARATION
=luver V10° OF HORJZONTAL | 1YEBALL ENTERNAL LEVIL SENSORS
ALIGN « T [ROM ASSUMED 1 EYERALL FIRES AWAY FROM LM & GEOPHONES
GEOPHONES DEPLOY
MENT | INE
DISTANCE FROM | 121 7 FT 7O 151 1 J4HT CABLL | GIOPHONES SET LATERALLY FROM
SUBPACKAGE 1 [ 150 + 1.5 F1 1S1T0 2ND CABLE ON 3-FT PIGTAILS
v 300 + 1H1 15110 4RD
S{vwRecTion FRom ? FYEBAL OPPOS 1TE MORTAR PACKAGE
& 15uBPACKAGE |
{LEviL GEOPHONE | + 7° OF HORIZONTAL ? 1 YEBALL GEOPHONE RESPONSE REQU IREMENT
ALIGN CABLE 5% FROM STRAIGHT 1 HAGS VARIATION OF 2ND GEOPHONE
FROM LINE BETWEEN 15T & 3RD
SPECIAL 30° FROMN S LINE OF SUBPACKAGE 1 10 AVOID [ LD OF VILW OF CENTRAL STATION
REQUIREMENTS RADIATOR.
*2 HLAGS: MORTAR BOX AND 2ND GEOPHONE (USED FOR ALIGNMENT)
ANTENNA MOLINTED ON MORTAR BOX (UMNI BIRECTIONALL,
EXPERIMENT . .
*GEOPHONES AT LEAST 10 FT FROM RTG AND SUBPACKAGE |
INTERRELAY ION AC
7769-5662
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ASE THERMAL CONTROL

MECHANICAL
(MORTAR PACKAGE)

® 0.5-IN. MULTILAYER

ALUMINIZED MYLAR ON
SIDES & BOTTOM

THIN ALUMINIZED MYLAR
SUNSHIELD OVER TOP

GRENADES LAUNCHED
THROUGH SUNSHIELD

ROCKET BLAST DISINTE-
GRATES MYLAR INSULATION
REDUC ING RECO!L EFFECT ON
BOX STABILITY

THERMAL PAINT TO
MAINTAIN TEMP, 8 C

ASE OPERATIONAL POWER PROFILE

T

Y INOHIOZD
4N WEYR

=
T

—
LVHEI T3 IN0HIOT

OPERATIONAL POWER 'WATTS:
> =
T T
MO MUNL
3,
o

34NNHL WY

HIANNHL WHY
1SV 1512 314

ISV 1S1 3413

NOMINAL OPERATING PUWER
AY 27°C (SEE CURVE)

»
T

n
T

T

NI

f————THUMPER OPERATION ———nf

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

'MODE AT O F.

® CENTRAL ELECTRONICS 1S
CONTROLLED BY CENTRAL
STATION ENV IRONMENT

® THUMPER HAS NO HEATER

= =

POWER IWATTS;
5 IS

I ! 1 J

L

22°C 0 +200C 40°C @0°C

CURVE TEMP VS.NOMINAL OPERATION POWER

39 3LVHEITVD
SITYNIHO WHY

% INOHIOID 3LYYENVYO

]

;anomo
El

[ LisTENING ™

IGVYNIHO 1S§ FHId

SICYNIND NBY

PASSIVE fe——MORTAR OPERATION

JAVYNIYO LSV 3y

7759-5657

7759-5658

e
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ASE SAFETY FEATURES

© ROTARY ARMING SWITCH, SPRING LOADED TO SAFE POSITION,
THUMPER ACTUATED =4 SEC TO CHARGE CONDENSER (THEN PUSH TO FIRE)

®AS| SELECTOR SWITCH HAS 22 POSITIONS (INC OFF) AND
SHORTS ALL ASI'S EXCEPT THE SELECTED ONE

©® CENTRAL STATION ASTRONAUT SWITCH (TWO-PQS ITION}
OPENS AND CLOSES +29 V OPER POWER I.INE BETWEEN

CENTRAL PDU & ASE
ELECTRONICS
® I[N SERIES WITH CMD-ACTIVATED RELAY OF PDU

® IN OPEN POSITION, PRECLUDES ACCIDENTAL APPLICATION

OF OPER POWER TO ASE
7759-5659A

ASE SAFETY FEATURES (CONT’)

® SUPPORTED WITHIN LAUNCH TUBES, LOCKED IN PLACE BY SAFETY
ROD ASSY FOR FLIGHT & DEPLOYMENT (REMOVED BY ASTRONAUT)

® ARMING & FIRING CIRCUITS OF ALL 4 ROCKET MOTORS
SHORTED BY 2 SAFETY SWITCHES ON MORTAR BOX
(ACTIVATED BY ASTRONAUT)

® SAFE SLIDE BETWEEN DETONATING CARTRIDGE & HIGH
GRENADES EXPLOSIVE IN FACH GRENADE, SPRING-EJECTED AT LAUNCH

® THERMAL BATTERY INACTIVE (& SHORTED) UNTIL PLATE
EJECTION TRIPS A MICROSWITCH

@ THERMAL BATTERY MATCH IS ACTIVATED BY A CONDENSER
WHICH IS CHARGED VIA GRENADE ARM CMD

o THERMAL BATTERY SUPPLIES POWER TO GRENADE
DETONATOR THROUGH A 8-10 SEC. TIME DELAY
AND AN [MPACT SWITCH. IF IMPACT COMES
BEFORE 10 SEC. OR AFTER = 10 MIN., THERE
IS NO BATTERY POWER FOR DETONATOR,

7759-56598



ACTIVE SEISMIC EXPERIMENT REMOVAL

CPLEE

THUMPER

PASSIVE SEISMIC
ASSEMBLY

EXPER IMENT

MORTAR BOX

7759-6676
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ASE DATA FORMAT

® CONSISTS OF 32 — 20-BIT WORDS AT 10.6 KB RATE

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

® 1ST SUBWORD USED FOR HOUSEKEEPING OR ENGINEERING
TYPE DATA

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

® 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)

[~*—=START FRAME & BIT SEISMIC DATA SUBWORDS

CONTROL
WORD

Joulel Todelsl Todeals] Todelal T

)
E} (ENGR DATA CHANNEL - 4 LEAST SIGNIFICANT BITS

+ 1 SPARE BIT)

bd e

2
- BN ER PH a,|a
[s2fss] 1 [oa]os]aifoea]es

E; (ENGR DATA CHANNEL 1 4 MOST SIGNICANT BITS + 1 SPARE BIT)

Gy SAMPLED DURING SYNC WORD

10 BIT 8YNC WORD NOTES
1 0,.G, Gy GEOPHONE SEISMIC DATA FROM 3 GEOPHONES

2 EACH ENGINEERING DATA READOUT TO B BITS ACCURACY
USING THE 18T SUBWORD OF 2 WORDS IN SEQUENCE

E" t E" - E" fwn= 17010

7759-5680



ENGINEERING WORDS

FORMAT ALSEP
REF WORD NO'S | SYMBOL DESCRIPTION
E1 34 AR-4 RTG COLD FRAME TEMP NO. 1
E2 5,6 Ds-7 PITCH ANGLE
E3 7.8 Ds-5 MORTAR BOX GRD MONITOR
E4 9, 10 Ds-6 ROLL ANGLE
EB 11, 12 - SPARE
EG 13,14 AS-3 GLA TEMP
E, 15, 16 Ds-8 GEOPHONE CALIBRATION PULSE
E8 17,18 DS-11 A/D CALIBRATION 3.76 V (NOM)
Eg 19, 20 DSs-10 A/D CALIBRATION 1.256 V (NOM)
E‘IO 21, 22 AS-1 CENTRAL ELECTRONICS TEMP -
E" 23, 24 AE-3 RTG OUTPUT VOLTAGE §
E.I2 25, 26 AE-4 RTG OUTPUT CURRENT &
513 27,28 AR-1 RTG HOT FRAME TEMP NO. 1 E

ASE FRAME DESCRIPTION (PART i)

END OF FRAME

27 I 29

Tl Tl ol Toafeelee] Tofelel o1

G3
ZMODE D
BIT COUNT IN EVENT WORD
WORD COUNT IN EVENT FRAME
MARK EVENT RELATED TO PREVIOUS FRAME
Eis

-

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

7759-5682



ACTIVE SEISMIC CHARACTERISTICS
COMPONENTS

[ COMMANDS —={ CENTRAL

THUMPER

=—ASE HSK
[ =—ASE DATA

I TIMING ——-+1 ELECTRONICS GEOPHONES (3)
|nss< ALSEP HSK—s=] INC RCVR

IN CENTRAL STATION

MORTAR PACKAGE
’———A_E MORTAR BOX
GRENADE LAUNCH ELECTRONICS
ASSY (GLA) ANTENNA
TEMP SENSOR
TEMP SENSORS (3)
GRENADES/XMTR (4) L~ INCLINOMETER

7759-5631

&-17
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ASE THUMPER FEATURES

® INITIATOR (AS 1} MOUNTING } {
PLATE & BASE PLATE

INSIDE LOWER END

® ARWFIRE & AS| }{
SELECTOR SWITCHES ON UPPER END
® FLAT, 4-CONDUCTOR
' ON UPPER
CABLE TO CENTRAL } { SPLIT REEL UNWOUND
ELECTRONICS {DUNNG
ON LOWER
® 3 GEOPHONES } INTEGRAL DEPLOYMENT
WITH CABLES REEL

® GEOPHONE FLAG STOWED ON THUMPER
® PRESSURE SWITCH ON AS! MOUNTING PLATE DETECTS TIME OF SEISMIC EXPLOS ION

®GEOPHONE FLAG DEPLOYED ON LUNAR SURFACE AT 150 FT TO AID IN GEOPHONE
CABLE ALIGNMENT

® GEOPHONES AND CABLES STOWED ON THUMPER UNTIL DEPLOYED
77595641

THUMPER CHARACTERISTICS

AS| SELECTOR SWITCH

GEOPHONE
_ FLAG ARMFIRE SWITCH
0 f}
CENTRAL
STATION ® 22 POSITION SELECTOR SWITCH
1 (INC OFF)
| ® SEPARATE ARM/FIRE SWITCH
® USES APOLLO STANDARD
* INITIATORS {(ASls)
) ® |MPACT PLATE IN LOWER END TO
CONTAIN AS1 DEBRIS
FOLDED EXTENDED 7769-5638

4-1g



ASE THUMPER FIRING

.
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o
Q
n
=]
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~
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THUMPER BASE SECTION OPERATING

N W W

/
.
~— ——= -
-Q——-:——’
EXHAUST
GASES

7759-5683



FIRING POSITIO
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ASE THUMPER FUNCTION

) J] FIRE SWITCH I
-
b———1 ASI SEL SWITCH]
v{ AS| I
]
!
PRESSURE * ¥ ’
' SWITCH N ek la
THUMPER THUMPER
ARM FIRE
EVENTS EVENTS
et e’
TO ASE TIMING & DATA ~
FUNCTIONS 7769-5640

ASE DETECTION SYSTEM

GEOPHONE (SENSORSI
TYPE: ELECTROMAGNETIC
NATURAL FREQUENCY: 7.5 CPS
SENSITIVITY: 250 VOLT/METER/SEC
WEIGHT: 6 0Z 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 mpe PEAK DISPLACEMENT AT 10 Hz (1 mu GOAL)
AT A SIGNAL TO NOISE RATIO OF 18 db
BANDWIDTH: 3 TO 250 Hz WiTH RESPECT TO VELOCITY
BASIC DATA WORD
5-BIT WORD FOR EACH SENSOR READING AT 500 SAMPLES/SEC

{EACH CHANNEL)
7759-5635
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ASE GEOPHONE FUNCTION

AS-04
GEOPHONE

DSS

{ GEOPHONE TEMP

DS-01

¢ L__-GEO] o GEOPHONE
10 ASE
TIMING o
& DATA G
FUNCTION v
§ % GEO 3 I-——-w’

1

7759-6642

ASE GEOPHONE FEATURES

o ELECTROMAGNETIC TRANSDUCERS (VELOCITY SENSOR)
(OUTPUT TO SEPARATE LOG COMPRESS{ON AMPLIFIERS)

o [MPLANTED IN SURFACE BY SPIKE
e TEMPERATURE SENSOR IN ONE GEOPHONE
e 7.5CPS NATURAL FREQUENCY

* SPRING CONSTANT DESIGNED FOR LUNAR GRAVITY
FREQUENCY
RESPONSE
MEAN OF 10 0 100 Hz

+6 db RESPONSE
CHARACTERISTIC

+3 dby
/1 ,

1
1000 Hz
LESS THAN
-35 db ABOVE 450 Hz

LESS THAN
-40 db ABOVE 500 Hz

L - 12 dOCTAVE

2.0 Hz —= -7 5 Hy

FHER PRLEMPHAS S

COMBINED GEOPHONE AND AMPLIFIER FILTER RESPONSE 7759-
{BLFORE LOG COMPRESS HON) 59-5643




ASE MORTAR PACKAGE COMPONENTS

GRINADE LALNCH
ASSEMBLY (GLA

M
SENSOHS {2}

WO AXES
INCLINOMI H R

SAFHY
RETIAS

ASSEMBLY

{LHCIRONICS
(I
T irma
CONTRUL
SAETY
lme SWHLHI S (1)
SINSUR

RILEIVING
ANIINNA

TOIDS 11K
CARPENIER'S SUALE

MICRO
SWICHES 1)
(FOR SEQ FIRET

, 1 HMAY
INSULALION
l'sl"’l‘l)ul FRAML & LG |

& LAUNGH TUBES §IN SOLARI

WO o IN. LONG

TWO 4 INLONG.

& FACH LAUNCH FURE PROVIDIS FOR
RANGE L INt 8RIAKWIRES ()

® INCIINOME R PROVIDES BATA ON

DEVIATION OF PAUKAGE FROM VERTILAL
(PITCH & ROLD)

] APPROX

7759-5645

446



ASE MORTAR
PACKAGE ASSEMBLY
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ASE MORTAR PACKAGE FUNCTION

FROM ARM
ASE [ visv CMD(D)

CONTROL AS-02

FUNCTION MORTAR
BOX
DEG C TEMP SIGNAL

THERMAL I
DSS{ “MORTAR BOX TEMP controt [ HEATER

{ELECTRONICS)

Ds-18
ASE MARK
EVENT

0s-19
ASE WORD
CNT

TWO - AXIS

INCLINOMETER
ROL
DEG
ARM & HIRE PIICH
CMDs (6) DEG

TO ASE TIMING & DATA FUNCTION

DsS-20
ASE EVENT
BIT CNT,

APR 69 5178.9.8

7759-5644

ASE GRENADE RANGING CONCEPT
CONCEPT

® 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
SIGNAL) TO IMPACT (XMTR OFF)

® CONFIDENCE IS ENHANCED BY KNOWING INITIAL LAUNCH
VELOC ITY (BASED ON TIME BETWEEN RANGE LINE EVENTS FOR
10-IN. & 25-FT + 10-IN. TRAVEL)

7759-5649

A4S



ASE GRENADE RANGING

MECHANIZATION

® RANGE LINE: A THIN STRANDED CABLE WOUND AROUND THE
OUTS IDE OF LAUNCH TUBE & CONNECTED AT ONE END TO GRENADE
(30 MHz TRANSMITTING 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

7769-5660

ASE GRENADE RANGING

IMPLICATIONS

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

® PACKAGE STABILITY ENHANCED BY
“BLOWOUT" REAR CLOSURE & THRUST
TERMINATION BEFORE GRENADE
LEAVES TUBE

® SEQUENTIAL FIRING ORDER (2,4,3,1),
ALSO USED FOR STANDARD FIRING,
OPTIMIZES PACKAGE STABILITY

o 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

4.2
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’ 7759-5606
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™ ASE GRENADE CHARACTERISTICS

DESCRIPTION
o CASING SIZE:

¢2.7 IN. SQUARE -
4706 IN, LONG ] APPROX

® CASING CONTAINS:
© SOLID FUEL ROCKET MOTOR

{HALTY ga
AWITCH i
Y
R
160 AMAL

e SAFE SLIDE Lo o

© HIGH EXPLOS IVE CHARGE s

 IGNITION & DETONATION DEV ICES 1

o THERMAL BATTERY AW/ | I S | I/ .

® 30MHz XMTR CONNECTED TO
TRAILING WIRE ANTENNA
(FUNCTIONS AS RANGELINE)

© GRENADES DIFFER ONLY IN AMOUNT
OF PROPELLANT & HIGH EXPLOS IVE 7759-5646

ASE GRENADE CHARACTERISTICS
OPERATION

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

® GRENADE FIRE CMD DISCHARGES CONDENSER THROUGH ASI
IGNITING ROCKET MOTOR

® WHEN GRENADE LEAVES TUBE:
® SPRING EJECTEDSAFE SLIDE ENABLES DETONATOR
® SLIDE EJECTION ACTIVATES MICROSWITCH IN GRENADE
o MICROSWITCH DISCHARGES CONDENSER ACROSS MATCH
ACTIVATING THERMAL BATTERY

7759-5647



ASE GRENADE CHARACTERISTICS
OPERATION (CONT)

® BATTERY PROVIDES INTERNAL POWER FOR:
® 30 MHz XMTR
e CHARGING DETONATOR CONDENSER

® EVENT MARK FOR:
o BREAKWIRE (10-IN. & 25-FT + 10-IN. TRAVEL)
® AT IMPACT, AN OMNIDIRECTIONAL IMPACT SWITCH DISCHARGES
CONDENSER THROUGH DETONATOR SETTING OFF HIGH EXPLOS IVE
® EXPLOSION DESTROYS BATTERY AND TRANSMITTER TERMINATING
RF TRANSMISSION
©® EVENT MARK FOR XMTR OFF
7759-5648

&-36
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ASE CENTRAL ELECTRONICS FEATURES
TIMING AND DATA

@ TEMP SENS ING

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

© LOG COMPRESS ION AMPLIFIERS

LOW-NOISE, PROVIDE WIDE DYNAMIC RANGE
PRE-EMPHAS IS TO INCREASE LOW FREQ GEOPHONE RESPONSE

® GEOPHONE CALIBRATION

* DRIVER (PULSE STRETCHER) CONVERTS COMMAND INTO
1-SEC EXCITATION PULSE APPLIED VIA AMPLIFIERS

* FIECTRICALLY DRIVES GEOPHONES FOR MEASUREMENT OF RESONANT
FREQUENCY, GENERATOR CONSTANT, & DAMPING COEFFICIENT

* COMPARE TO PREFLIGHT DATA (RELATIVE CALIBRATION)

® PULSE VOLTAGE SAMPLED IN ASE DATA 7759-5652

ASE CENTRAL ELECTRONICS FEATURES
TIMING AND DATA (CONT)

® ANALOG MULTIPLEXER & ADC
® ASE COMPRESSED SEISMIC DATA CONVERTED TO 5-BIT DIGITAL

® ASE ENG & ALSEP HK (5 KEY PARAMETERS) CONVERTED 10 8-BIT
DIGITAL, & BOTH READ QUT AS 4 BITS IN FACH OF TWO ASE WORDS

® ADC CAL CIRCUIT GIVES 2-POINT CHECK

® TIMING & CONTROL

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

* PROVIDES FOR 5-BIT SUBWORDS, 4 PER ASE WORD (20 BITS)
& 32 WORDS PER FRAME t640 BiTS)

® DATA RATE, 10.6 KBPS (ALMOST ENTIRELY ASE DATA) GIVE:
® RELATIVELY HIGH-FREQUENCY SEISMIC DATA
© ACCURATE ENCODING & TRANSMISSION OF REAL-TIME FVENTS 7759-5653

4-37
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ASE SUBSYSTEM TEST EQUIPMENT

® ETS
— SIMULATES CENTRAL STATION ELECTRONICS
ASSS

® _ SIMULATES GLA AND THUMPER
DOME

® -~ DECOMMUTATES AND DISPLAYS ASE DATA
GLATS

® - COMPLETE GLA CHECKOUT CAPABILITY
MARPD

® — GLA MOUNTING AND ANGLE CONTROL
AIRME

® - ORDNANCE ITEM CHECKOUT

7759-5678
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ASE -EQUIPMENT LEVEL TESTING

SUBCONTRACT QUAL T
ASDS 1 GEOFHONE REDESIGN & REQUAL I—
RECEIVER
TRANSMITTER 1
ANGLE SENSON
MULTIPLEXER

THEBRMAL BATTERY

WSTF FULL ASE FIELD TEST

SE DV )

VIR, SHOCK, ACCEL

v

FED(AFETRM 127
COMPLIANCE:

GLA QUAL {DVT)
ENVIRONMENTAL

REDESIGN & HEQUAL

ASDS
FIFLD TES

VIAGSTAFE

BxA
ASE QUAL ©
TRAL ELECTRONICS
® THUMPER/GEOPHONE \ Eml
® MPA (INERT GLA) MODS

@ QUAL C THERMAL PLATE

e QuAt

FULL FARTIFIRINGS  GHENADE VACUUM 1 IIINGS

VIR, SHOCK, ACCEL
7w

(U

MASS PROI®

Vil
"W PPN S —
im I

HCRYSIAL

FHLER

QUAL

7759-5673
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GLA QUALIFICATION

GLA GLA MPA
COMPONENTS i GLA/MORTAR BOX
ROCKET MOTORS —FENVIRONMENT AL FULL EARTH FIRINGS

VIB, TEMP CYCLING ® VIBRATION-- — ~ ~=  AMBIENT (4 GLA'S)
-—GRHE?\ITASE(E)SLD FIRINGS (50) :Z’({t}?:‘ }__,ﬁ;,,.v e LOW TEMP (1 GLA)
VIB, TEMP CYCLING ® TEMP CYCH ING —- - HIGH TEMP (1 GLA)
|- SAFE/ARM MECHANISMS BATIERY EVAL TESTS (3 GLA'S)
HOT, COLD FIRINGS CAMP PENDLE [ON
-H.E. DETONATOR TESTS 2 FLIGHT GLA'S/M BOX

H—INITIATORS (SBASH)

2 GRENADES, COLI)
2 GRENADES, AMBIENT

-~ TRANSMITTER T/V, VI8 ® 4 GRENADES, HOT
— THERMAL BATTERY/ SHOCK {3300 G'S )
- ANGLE SENSOR |} T/V, VIB, SHOCK

(100 G'S)

7759-5674

ASE SYSTEM TEST-WSTF

® FULL UP EXPERIMENT (DEPLOYED) TEST
— EXPERIMENT TEST EQUIPMENT
® 4 TEST CATEGORIES

— EXTRA CHARGE FIRINGS (1000, 3000 FT)
- THUMPER FIRINGS, 21 ASI'S

—~ MORTAR FIRINGS, 2 GLA’'S {8 GRENADES)
— SPECIAL GEOPHONE TESTS

® THUMPER STRUCTURAL INTEGRITY AND PERFORMANCE VERIFIED
® MPA STRUCTURAL INTEGRITY AND STABILITY VERIFIED

® OVERALL GLA PERFORMANCE VERIFIED

® RF LINK (UP TO 5000 FT) 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 RETRD -REFLECTOR EXPERIMENT
PRE-DEPLOYMENT ""'STOW ED

COVER /ANGLE INDICATING
RETRO-REFLECTOR _ || |ps ‘M‘ ASSY
ARRAY O TS BOOM ATTACHMENT

' | ASSY
Y
PALLET < e __— i
ASSY ‘ Al N
. . \\\ \

& ‘
O {j ‘rl ﬁ AIMING
O e HANDLE
\ ; % ASSY
NP ’/ ; SUN COMPASS

RELEASE ASSY

ALIGNMENT HANDLE ASSY
7759-5340

‘)

//,.‘01 U

EASEP/LRRR EXPERIMENT
DESIGN CHARACTERISTICS

COMPONENTS
ARRAY: 100 FUSED SILICA RETROREFLECTORS
PASSIVE THERMAL CONTROL
PALLET: LM SEQ BAY INTERFACE
EXPERIMENT BASE
SUPPORT STRUCTURE: SUPPORT ARRAY/AIMING HANDLE
AIMING HANDLE UNLOCK, TILT, LOCK ARRAY
ALIGNMENT HANDLE: HOLD EXPERIMENT DURING ARRAY TILTING
ROTATE EXPERIMENT
ALIGN AND LEVEL EXPERIMENT
BOOM ATTACHMENT: REMOVAL FROM LM

CARRY EXPERIMENT TO SITE
7759-5336



~ EASEP/LRRR EXPERIMENT
DESIGN CHARACTERISTICS (CONT’)

COMPONENTS (CONT.}

ANGLE INDICATING BRACKET: TIiLT INDICATION AND LOCK

SUN COMPASS PLATE } : ALIGNMENT INDICATION

GNOMON
LIQUID BUBBLE LEVEL: LEVEL INDICATION
REAR SUPPORT: SUPPORT IN UPRIGHT POSITION
WEIGHT 51.91L8
SIZE 26 x 27.25 x 17 IN. HIGH

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

7759-6337

LRRR MECHANICAL ASSEMBLY

RITRO /\ _PANIL STRUCTURE
. , -7 (OF RITRO-REFLECTOR
HoOM REFLLCTOR (100)

ATTACHMINT #.8 ! ARRAY
T e \/} W REAR
~ | ™ suevor
hl A l N
T |
!
O
B Y
A
-
- - -
- ANGLE INDICATOR BRACKET
ALIGNMENT 4 - SUN COMPASS PLATI
HANDLE \
(PARTIALLY ; g
[XTENDED) CARRY o PALUL

HANDLE
7759-5324
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ARRAY PANEL STRUCTURE

Retro-reflector Cavity Lightening Holes /‘

7759-5314A



ARRAY PANEL STRUCTURE

Panel Mounting Brackets Diaphragm Webs

B. REAR 7759-5314B

S0



Drive Slot

RETRO-REFLECTOR MOUNTING

A Aluminum Retainer Ring

B Upper Teflon Mounting Ring

Inside Surface of
Cavity

C Fused-Silica Retro-Reflector

Indexing Tab

Indexing Slots

D Lower Teflon Mounting Ring 7759.5313

74



ORIGINAL MULTILAYER INSULATION
BLANKET CROSS SECTION

VELCRO HOOK: ARRAY
(1/8” WIDE) F—/
|l VELCRO PILE) ALL AROUND ARRAY,

YELCROHOOK.. i _EXCEPT AT BREAKS FOR BRACKETS, ETC.
{1/2" WIDE) e W
- o ‘l.N
DACRON THREAD™ g Jl‘\NARMCO POLYURETHANE ADHESIVE

|
i
%smcsns (3)

DOUBLE LAYER DACRON NETTING

HIELDS (3)
DOUBLE-ALUMINIZED MYLAR

COVER, DACRON—"]!

7759-5327

ASCENT HEATING THERMAL PROTECTION
MOD KIT (INSTALLED AT KSC)

KAPTON 1/2 MIL
ALUMINIZED BOTH SIDES  ¢|BeRGLASS THREAD,
BETA YARN, TEFLON COATED

FIBERGLASS
BETA CLOTH
COVER ARRAY

FIBERGLASS

THREAD,

BETA YARN

TEFLON COATED

b
t ORIGINAL BLANKET

FIBERGLASS
NETTING
7759-5328

S-/RX



TYPICAL LASER RAY PATH IN RETRO-REFLECTOR

Internal Reflection

Incident Ray

Reflected Ray 7759-5334

THERMAL MODEL
AND DEFINITION OF SUN ANGLES

7759-5315



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

rElamoe M ohL

25378 Cerv

30
_ 2
b4
£
S w0
-

]
<
S 0
E
Qa
£ 0
g
xI
20
30

Sun Angle, ¢ (degrees)

-40  -20 0 20 40 60 80

FrrT Tt

L Lunar Noon

l

Sun Not incident on Array Top

! [ } [ { ‘ ] I I ] |
90 60 30 0 30 60 90
Sun Angle, ¢ (deqrees) 7759-5316

PREDICTED CENTRAL IRRADIANCE-
FINAL DESIGN CALCULATIONS

10

H

[t

04

n
{E

Nota

Sun Al 0 (4 doege o)
LTS B R TR T 1

1 aoar Noan

S Aaghe g ldagees)

Mount Condin tasee 00T Wast Uk

No Gostpateng (1 Paliet

Couplung ta Falior,
£ strsaten ool

i
[P

1HO

7759-5317



EASEP/ASTRONAUT INTERFACE

CONSTRAINT RESOLUTION
s siomenicat SIMPLE TASKS REQUIRING MINIMAL EFFORT AND TIME
A DOSAGE RATE OF I1SOTOPE HEATER NON-HAZARDOUS
: THERMAL NO S IGNIFICANT THERMAL EXPOSURES
1| sui NO SHARP EDGES; PSE UNCAGE USES APPROVED
vl  PUNCTURE PYROTECHNIC
C
Al mosiLiTy NO EXCES S IVE REACH - NO KNEELING
P
A|  DEXTERITY ALL MECHANISMS ACTUATED BY PULL PINS, HANDLES OR
B LANYARDS
i
L visua LEVEUALIGN INDICATORS COMPATIBLE WITH VISOR
; LIMITATIONS
y

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

7769-6322

~ LRRR MECHANICAL FEATURES
INFLUENCED BY CREW CONSIDERATIONS

ALIGNMENT HANbLE : REACH HEIGHf

SUPPORT DURING ARRAY TILT

HANDLE, TRIGGER, RELEASE MECHANISM CONFIGURATIONS
AIMING HANDLE : REACH HEIGHT

HANDLE CONFIGURATION

SPRING RETURN

ANGLE INDICATING BRACKET : VISIBILITY AND SIMPLICITY
SUN COMPASS ; VISIBILITY AND SIMPLICITY
BUBBLE ELVEL : VISIBILITY AND SIMPLICITY
PROTECTIVE COVER ¢ RING/LANYARD REMOVAL

REACH HEIGHT
BOOM ATYACHMENT ¢ RING/PULL PIN REMOVAL

RING/LANYARD RELEASE FROM &M
RAEACH HEIGHT 7759-53356

S5



LRRR EMPLACEMENT CRITERIA

PARAMETER REQU IREMENT INDICATOR COMMENTS
DISTANCE 32 FT (MINIMUM PACED OFF CREW/PAYLOAD

FROM 1M TRADEQOFF

DIRECTION | IN FOV OF EYEBALL MONITOR DEPLOYMENT
FROM 1M OTHER ASTRONAUT {AVO1D LM SHADOW AREA)
DASTANCE WiT PACED OFF LRRR PROBABLY

FROM PSLP DiPLOYED FIRSY
DIRECTION | NOT DIRECTIY FYEBALL 10 AVOLD SHADOWING
FROM PSEP | EAST OR WI