THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com

Maicnal Aercnact cs and

SAG e AcminieTE on

Lyndon B. Johnson Space Center
G101 MNASAS Hood

Hloustos, lexzs 77058-3658

AP2-FOIA-98-211 June 29, 1998

Supily 1 Al g

Mr. John Greenewald, Jr.

Cear Mr, Greenewald;

This is in response to your Freedom of Information Act (FOIA) request, dated June 21, 1998 and received
Tune 22, 1998 for a copy of document by Thomas A. Sullivan, “Catalop of Apollo Experiment
Cperations™, BP-1317, 01/401/1994 and also a biblography of documents.

The requested information is enclosed. We do not have a eport listing a bibliography of documents,

Fees are assessed according to the catepory of the requesicr, For NASA Regulatians [14 CFR Sec
1206701 (d)], you come under the statutory definition of “all other requesters.™ You were not charped for
review time, the first 2 hours of scarch time or for (he first 100 pages of reproduction. The fee for the
enclosed information is § $8.00 {first 100 papes deducied Crom the wial 180 pages 310 3. 10 per page).

Plcase pay the wotal amount due cequested on the atlached bill for collection. Make your check payabla o
the National Acronaotics and Space Administrgtion and nole “FOLA 98-211" in the lower left-hand
corner. Forward your check to the JSC Collection Ageni, Mail Code LZ, NASA Johnson Space Center,
2101 NASA Road 1, Houston, Texas 77053-3606,

IT you fail (o pay the assessed fee, interest will be charged on the amount billed starting with the 31st day
following the day on which the billing was seat, Interes will be at the make prescribed in Sec. 3717 of
Title 31 USC.

FOIA Coordinator
Education and Information Services Branch
Office of Public Affairs

Eanclosures




FREEDOM OF INFORMATION ACT (FOIA)

BILL FOR COLLECTION
?l

S

—— ek AP BBk e

FEQLA NOD: 98-211

NASA JOHNSON SPACE CENTER
HOUSTON, TEXAS |

APPROPRIATION NO: i

803220 5

BILL TO:

Mr. John Greenewald, Jr.

Phone: Fax:

Please remit payment within 10 days tor-

JSC Collection Agent, Mail Code LZ
NASA Jobnson Space Center

2101 NASA Road 1

Houston, TX 77058

Or in persen to; Building 1, Room 119 ;

Please make payment in CHECK, MONEY QRDER,
QOr EXACT CASH,

Note the FOIA MO, on checks and money orders

Fee for information provided undsr the
provisions of the Freedom aof Information Act

Tﬁ&m.nmnum DUE

LATE CHARGES ASSESSED AFTER DUE DATE

w31 UsSC 3717,
after 1the dus data, ineluding:

1. intarast gt %, from the date the debl iz owed
2. administrative chargas, and
3. penalties, hot to sxcead 8 parcent per annum on any partion of tha

debt delinguent lor mora than 90 days, accruad frem the date the
debt became dalinquant,

If paymant i not rageived wilhin 30 days from the date of this bill, pursuant
iional charges will be aszsssed on paymanta raceived

PAYMENT INSTRUCTIONS

Fayment may be made in cash, U.%. postal money ordes, bank draft, |
ot check. Payment in any form other than cash should be drawn to
the order of the NASA Jobngon Space Cantar.

Aeceipts will be issued when cash ia raceivad, and only upon requast
whean remittance is any other form_ If vender of payment is athar
than cash or money order, the receipt shall not become an
acquirtance until such tendar has bean clearad and the amount
rocaived by tha HASA Johnson Space Cantar.

BILL CERTIFICATION - PAD

ACKNOWLEDGEMENT OF PAYMENT -- FMD

THIS IS TO CERTIFY THAT THE ABOVE REQUESTER

WAS BILLED THE TOTAL AMOUNT DUE ON THE
ABOVE DATE,

. FD[A EﬂﬂHDiNATG

JSC Form 53 [Rev Jul 94} {PerForm Pra Pluz Jul 94]

THIS |5 TOQ CERTIFY THAT %

WAS RECEIVED ON

J5C COLLECTION AGENT

Requester




OLF X 5

e R e [t A B T U b e

NASA
Reference
Publication
1317

January 1994

Operations

Thomas A. Sullivan

Catalog of Apollo Experiment

' (NASA—RP=-1317) CATALOG OF APOLLO

. EXPERITMENT OPERATIONS
161 p _

(NASA)

H1/12

r

NGA=23292
inclas s

0201558




=T W
. A

.

'

NASA
Reference

Publication
1317

1994

|
Catalog of Apollo Experiment
Operations

R S S a—— e

Thomas A. Sullivan {
NASA - Johnson Space Center [
Houston, Texas |

e

=

. L
-t m - -
Sea, e .
r|.I|'.-\--l'\|:.\_- . . ' ’ T : . .
. . o Y
. L “':':?. oy - !

oty

+ %, ¢ b A PR P E
.g-l'._ -".'.":' .1.1."..‘.1”‘ "‘-.-:'-'a.::?ﬁ':.ﬂ;ft
Lo SR L

S et g

[ T A L
L TR b Ty 'J-|-"|l|'-":i “T

Fr _-|. > L
Eragr bl I - e it et
e A p e M B N e g it g 1ot M, i




RN Yy

T AR B

. -
- g e

Preface

Of course, it wasn't that easy, Years of planning, traiming, rethinking, and improvement had gone
inmﬂ]usu.-._nperaﬂuus. Cmqmg?ulmﬁuwmtﬁnmiqs@nmﬁmsuitmuhedaguﬂd&ﬂ of

problems faced by the engineers will Largely be the same. I'hope to capture, with this document,
some of the hmwlpdg:frmnlh:ﬁpnl]u ¢ra 1o make the jobs of those future designers and opera-

The original motivation for this database came from the Asronaut Office, Srience Support Group,
which wmtndmdnmmﬂuupuimmufﬂnasmwcxmimmtinmfmﬁnmmumﬁm
perspective. Beyond that, 1 hope to retain some of the
mmumfummu,mhdplehvuﬁgnmmdaignmgmmmmmﬂnmm
mmakemmyuf&:mmismkmquraﬁmanddﬂigmnfm:numdtm]smawdfm
use by a crew in an exmavehicular mobility unit with time constraints, on a Planet with low gravity.

In addition to the usual meaning of the term “experiment,” I have included some pieces of equip-
E:mtand_han?wmt,mchuthehmmmwruandmm:nﬂhptmlsﬂmmwhad avallable, Alsp

hoped. Wewemupuaﬁngatmgha_rap:dpac:rhﬂnﬂm:hadth:thmm write: it a1l down, The

Thomas A. Sullivan
Solar System Exploration Division
NASA - Lyndon B, Johnson Space Center

"PAGE__'J;.L" TR A
PRECEDING PAGE BLANK NOT FN.MED
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Introduction

This catalog is organized by discrete experi ' i
; permments and selected pieces of equipment used
¢mplaced by an astronaut during the Apollo program. Part ¥ consists of experiments pc:fu;nmd o




Part I: Lunar Surface Experiment Operations
During Apollo EVAs
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Experiment Operations During Apollo EVAg

Acronym: ASE Experiment: Active Selsmic Experiment
Pl/Engineer: Rober; L Kovack/s Other Comtacts: Tom Landers/Stanford
University Joel 5. Watkinay/University of NC
Apollo Flight Nos.: 14, 16 Ihscipline: Lynar Seismology
Weight: 11.2 kg Dimensions: See ALSEP Flight Sysiem
Fanuliarization Manual,
P- 2-132 for data on all the
ASE subsysterms
Marufacturer: Bendix {grenade launcher Apolta Experiment No.: S 033
made by Space Ordinance
Systems, Inc.)

face readily and were then Stepped om to implant them, However, the Joose soi] gave Jittle resistance
to hoid them in place, and in moving the cable Edgar Mitchelr pulled the second geophone out of the
s0il and it had to be replaced, While deploying the ASE electronies package on A-16, the cable be-
came tant and pulled on the central starion. The crewman had to po back and adjust the central
stalion. Before unrecling the geophone cable, it way staked in place {with the aid of an extension




hmdl:}mmughnlmpinthncablemmﬂﬂmlmmnmdul:pﬂm (LMP} would nct drag the central
station behind him while laying out the geophone line. The foot pads on the mortar pack rotated out
of the proper positien, and the package had te be picked vp and the pads rotated to a position in
which they would rest properly against the surface. For A-14, there was a crater at the optimal loca-
tion of the mortar package, end it was thus located closer to the central station than desired, The
tinigline for A-16 aflotted ~18 minutes for the geophones to be deployed by the commander (CDR)
and ~12 minutes of assistance by the LMP. Deploying the mertar was aliotted ancther ~186 minutes
of the CDR’s nme. The targeting area of the mortar was to be free of craters and ridges.

On A-16, (he mortar box cable was lengthened from 3 m to 15.2 m for greater separation Jis-
tance from the central station. Also, a subpallet was added for the mortar box to provide greater
stability during firings and for ease of alignment when erecting the experiment. The deployment of
the package was successful, although only three of the four stakes could be tmplaced. The release
pin for the fourth stake was bent and jammed so that it could not be pulied oumt. The crew reported
the feeling that, with a pair of tweezers, they could have remeved the pin, but with a Pressure suil
Blove it was nax possible.  Although tests performed during the development of the MPA showed that
three deployed stakes were adequate 1o provide stability, this may have allowed the assembly 1o rip
over after the third shot, althongh it is also possible that the sensor failed. Also on A-16. the LMP
followed the CDR while he deployed the geophone line and siaked the cable in place and implanied
hwo of the three geophones to prevent them from shifting. The CDR implanted the third.

Checkoot of experiment—On A-18, near the end of the thind extravehicular activity {EVA), the
MPA roll sensor was observed (by teiemetry) to be reading off-scale. A TV Janorama verified that it
was properly positioned and aligned, suggesting that the roll sensor was inoperative. No repair was
attempied.

Operation of cxperiment—On A-14, the LMP was able to fire 13 thumper shots into the ground
during EVA 1. Several of these required an extraordinary amount of force to fire them. The thump-
er farled 1o fire after several attempts at several mitiator positions, and several firing positions ({marked
s while marks on the geophone line)} were skipped to gain EVA time. Three initiators were deliber-
ately not fired. Poat-flight investigations showed that a malfunction occurred beczuse lunar soil g0t
mio the arm/fire switch mechanism and the initiator/fselector switch was not properly seated in the
detents. The total ime spent on thumping operations was 2% minotes, within allowable EVA con-
straints. The LMP was inatructed o stand still for 20 seconds before and 5 seconds afier each shot,
Om A-16 this was changed to 10 seconds before and after, The A-16 timeline alloned —25 minutes to
this activity.

Several thumper shots were fired while the CDR was moving on the surface near the Al SEP
central station. His movements generated seismic energy that was recorded by the geophomes, and his
movements had to be restricted during the remaining thamper operations. In the future, it may be
possible 1o conduct thumper operations and allow the second 2stronaut to move about, provided that
he is sufficienily far removed from the central siation and geophone line.

On A-14, the geophone/thumper anchor was used as a penctrometer (see Soil Mechanics - Apollo
Simpic Penctrometer [ASP]) 1o obtain three two-stage penemrations into the lonar sorface. This device
(figure 4-11 in the A-14 Preliminary Science Report) had black and white stoipes 2 cm leng 1o
provide a depth scale. After completion of these 1ests, the device was used 10 anchor the geophone
cable when the cable was placed in pasition for the ASE.

The grenades were not launched afier departurs of the A-14 erew for fear that dust would land on
the other ALSEP experiments. (The off-nominal deployment was necessitated because of a crater al
the optimum mortar package deployment location. Post-flight tests showed that the ceniral station
would at least suffer thermal degradation and perhaps be damaged if the grenades were lavnched.)
There was consideration of firing the mortans near the end of the life of this ALSEP, but Up-link
capability was lost and the arming capacitors would not charge after the long surface interval, so none
of them were ever fired.  Also, continoed use of the lunar ranging retroreflector {LRRR) required that
no dust be kicked up on its reflectors. On A-16, the first two grenades were fired successfully, b
after the third was fired, the pitch/angle sensor on the mortar package went off-scale in a high direc-

. -
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. Was lighting » problem?--.

tiom. Conmqumuy.h:pmiﬁmwummuinmdﬂufningnfﬂmfmmWﬁnﬂnr
attempied.

On A-16, 19 thumper shots were successfully fired by the CDR (althcugh the thumper had 21
shats), This took 14 minutes, Fwnfcqrmdupcﬁmmﬂnmd;nfqui&h:fm:fﬁng,h%m
bcm'mndfnrﬁ?:lamﬂd;btfuruitwnuldﬁm

H:pﬂnmn:puimt—nnﬁ—ldfupmmchingpnﬁﬁm 11 (at the middle geophone) the LMP
Bhﬁ:rvudlhﬂﬂlisgﬂnphmchldpuundnutnfrhagmlmd,tppmmﬂyhncnuannfthnnffmnflﬂur
tlastic memory of the cable, Aﬂ:rmposiﬁmﬁngﬂt:zmphun:.MImnmd operations. Even though
gmphumlmmﬁngmiﬂﬁdc&ﬁngmefmﬁveﬁrhﬁmmtdu:mm

Recovery/takedown of experiment—NA
Stowing experiment for refurn-—Na

Stowing of package once in the LM-_NA
Sampling operations {soil, rocks}—NA
Trenching NA

Raking —NA

Drilling -NA

Navigating/recogniring landmarks— NA

Wmthmnrhnrdllnlhﬂpcrimut,h.,hlnrdnumhrhh [nplndu,rldlouthe,
toxic), sharp objects, high volinges, mascive/bulky obijects, tripping hazards, lemmtnru_?—m

. %WMWW PR e..u;.a_n.p_s'.a-.qw-.u-;,. '

Were the resalts visible to the crew?.—No,

Woutld you recommend any desfgn dtnngﬂ?—FnrAJﬁ.thuﬂmmpﬂwnmndiﬁudmiumv:Ih:
switch dust seals and to j lh:mrquemquimdtumumth:uh:tm:ﬁtchﬂummd:tmtm
the next. ﬁlm.nhnmunhhmﬂmﬂﬁmmﬁdndmmmmdﬂplﬂmt.

-
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Were there related experiments on other flights?—See S 203 - Lunar Ssismic Profiling Experiment
(LSFE). See alsa 8 031 - Passive Seismic Experiment package (PSEP).

Where was it stored doring Mght?—Part of ALSEP.

Were there any problems photographing the experiment? —No.

What pre-launch and cruise requirements were there? Power, thermal, late nocess, early
recovery'—None noted.

What was different beiwern iraining and actug) EVAT—Cable snemory allowed the very light cable
to stick up in the low graviry.

What problems were due to the suit rather than the experiment?—No comments by crew.

Any experiences inside the LM of interest from the experiment/operations viewpoint?—NA
Relerences:

Preliminary Science Repont for A-14

Mission Repont for A-14

Apollo Scientific Experiments Data Handbook, JSC-02166, NASA T™M X-38131, August 1974, in
JSC History Office

Apollo Program Summary Report, section 3.2.10, Active Seismic Experiment, ISC-09423, April 1975

Apolle 16 Final Lunar Surface Procedures, March 16, 1972, MSC

AlSEP Termination Repori. MASA Reference Publication 1036, April 1979

Apollo Lunzr Surface Experiments Package {ALSEP) Flight System Familiarization Manoal, Bendix
Acrospace Division, Contract No. NAS9-5829, 1 August 1957, in JSC History Office

Apollo 16 Technical Crew Debricfing, 5 May 1972, in JSC History Office

Figure 1: The MPA deployed at the Apoilo 16 ALSEP site, Note the stable base which was
an improvement over the Apolle 14 mortar (AS5-16-113-18376). See figurc 2 for the MPA
on A-14. See also figure 29 for the flags which mark the geophones of the ASE aray.
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Experiment QOperations During Apollo EVAs

out on the lunar surface, connected by
cables (which caused some problems)

Manufacturer: Bendix {subcontractors Apolle Experiment No.: (contained severa] _ ;
had individual instruments) exXperiments) : -f
A-12 included PSE, SIDE, SWS, :
L3M, LD, and CCG
A-13 was o have had PSE, CCT3, HFF,
and CPLEE
A-14 included PSE, ASE, SIDE,
_ CPLEE, LDD, and CCG :
' A-1% incladed PSE, S5IDE, SWS, LDD, g
- LSM, HFE, and CCQ
A-16 incloded PSE, ASE, LSM, & HFE
(HFE damaged during dephoyment)
A-17 included HFE, LEAM, LSG, LACE, LSP

Acronym: ALSEP Experimeny: Apollo Lunar Surface
Experiments Package
PEEngineer: Several PIs for individual Other Comiacts: See individual experiments
. eXperiments '
- Apollo Flight No.: 12, 14, 15, 16, 17 Discipline: Several
- Weight: Varied, see individual missions Dimensions: Several packages spread %

— -

e B o D e

ey e

J magnetic field TMALSEPmA-chminddiﬁmmthmuummhsinuﬂwnﬂwmhhndhnm
! established by earlier flights.

flight. Thﬂ:wmhmsﬂmsmmmv:mihamwmmgmwnhmm- ;
ingﬂ:ctquipmmt,h:tlhuemmtnmdedmﬁ-li.pﬂh-pshmauuuﬁha:hpcm%hlh:y

landed, Lmrﬂdawmmndmmhmﬂupmhgumdnﬂnwmmm;wingﬁumd:hmhﬁluw-

ered by pulley to the surface. The pulleys were removed for A-17 since the crew felt they were not

needed. Thcht:ightnfthapullmwmmthe]imitfur:asymanuﬂdtplﬂ}rmentmlmcltmnin.md
un]mdingrhnpaumwnshindnrpdbynnmaucm:rﬂmmfutmlhnrmuﬂh:m However, ,
: sufﬁr;im:wnrh‘nguuwunvaﬂnhhinwhichmthapauetHﬂnmﬂmfuﬁngnmaﬁm. The I
i missim:im:linn_shuw.un]uadingua:mﬂinmﬂa:ﬁvitymldauandEmﬂminutu from bath

j CIEWMERn. C L

ii Transporting by foot—It was packaged on two major subpatiéts ins the LM which were removed and I ;.*fw ;
- then attached by a “barbell” (which later became the antenna mast) to enzble carrying. On the A-12

- e e . B
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ALSEF.ﬂmwha]:pulkttﬂdndmmma.upmhﬂythnpnﬂumnuhmglhaRT& The ¢rew com-
m:nmdlhuhlﬁngmgﬁpﬂucan]rhrﬁghﬂywuﬁﬁnglnﬂmhmds. On A-14, Mitche!] comment-
nd:hﬂﬂmhm:ncingsubpnumuthemdnfﬂnhnbcl!nud:hvmydifﬁcultmcmmﬂthmh:
ended up carrying it across his arms. [t was considerably heavier than he anticipated since the 16k g
lightweight mock-up did not respond in the same way. On A-15, Irwin decided 1o catry it in the
crmkufhiar.[bnwmdhadmmyﬁm:camringitmth:d:plnynmsim. Even once the LRV was
nvaj]abl:,ﬂml.hﬂ’cnn-indﬂwAlﬁEPwhil:ﬂmCDRdmv:mth:dcpluymtﬂm. On the A-15
ALSEP deployment traverse, the RTG fell off the subpallet. Lunar dirt in the whpackage socket had

bolic rate was as high as 2300 BTU/Mr. He rested for three minutes afterward, while also describing
the site. The total mass of the A-16 ALSEP was —250 tbs, or 41.5 hs moom weight. The A-17 LMP
hasmmnmnmdthulﬂ:rjuat;nhmﬂim:nnthislungtrﬂm.hhtuu]nt:mimmmhnwmuch
his arms hurt from holding onto the ALSEP., ThetmalnmufnrlhisALSEquhlﬁﬂlhs.mﬁﬂlbe

Losding/onloading tools/experiments on LRV —Even o A-15 through A-17, the LMP carried the
ALSEP subpallets 1o the aite while the CDR drove the LRY.

propellant tanks and thermally creaking structure was desirsd. Since, in addition 1o this, a reasonable

straight and level area for & geophone line (on those missions with ASE or LSPE) and a clear area for

mortar firmgs (for ASE) was beeded, 8 perfect site was difficuit to find,

Deploying experiment—See individual experiments. The central station {mass, 29 kg: stowed val-
mE#ﬂﬁ]wkﬁnﬁmmmmﬁﬂTﬁmmemmm. Thirty min-
utes was allotied for this on the A-[6 timeline. A-14 alloyed ~20 minutes, A-17 alloned 17 minutes.
Mmt,ifnnuﬂ.umhldtﬁ.ﬂimhyﬂmlingﬂnmmhnd:nnﬂwnmtrﬂstﬂiundu:tuiuﬁghtm:ight,
flimsy nature,
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was accomplished by working the edge of the station down 1o a level below the loose upper soil and
placing a large, flai rock under the comner. In doing this, ~30% of the upper surface of the station

smslﬁ:ldwumvcmdwithaﬂlinlnyﬂnfdusLmdmmcmmwumadr.mmnuvr.ﬂiisdmt. Also,
50il became banked against the edge of the station. Later, upon request from ground personnel, this
sail was removed by clearing a E5-20-cm-wide moat saround that edge of the station. Some dust and
soil =il adhered 10 the sides of the siation, but the white thermal caating was yisible through most of
the dust.

During sutenna gimbal leveling, both the N-5 and E-W leve] bubbies appeared to be sticky and

but the E-W rerained at the E end of the fiuid tube. Precise aniknoa pointing was not verified, but
ground personnel reported that the aignal strength appeared 1o be adequate. The time deficit
resulting from these activities was compensatesd for by relocating the first raverse station o an arra
near the rim of Sieno Crater,

Checkout of experiment—See individual experiments.

Operation of experiment—See individual experiments. The central station had five switches oper-
able by the astronaut, all of which interfaced with the UHT. Two were for backup operation enly and
would allew the crew 1o make ALSEP work despile certain possible failures. Also, the experiments
were operaied after crew departure from JSC via the ALSEP Command System. The commands 100k
the: form of an octa] number which was entered manually via a thumbwheel and sent by pushing
another button. On most days, tens 1o hundreds of commands were sent. Many would be routine
comenands for leveling experiments afier teyminator crossing or [lipping magnetic field sensors, but
many were at the requesi of the PIs for particular studies. A number of engineering tesis of the |
ALSEP hardware and electzonics were alsg performed.  An ALSEP Termination Report (NASA 5
Reference Publication 1036, April I???}hlvaﬂnhhﬂlﬂﬁmth:uupﬂlﬁmsmﬂm.

Rap-irltnl:;puimmt-—[hlringﬁ—ldE‘Wul.m:mwwunhhtundjmtmnaﬁgmnmtnﬂhncmm
mﬁunmtnmninm:ﬁunmmmgﬂ:mmsigm]rm:imdu&nh, Photos show that the antenna-
aiuﬂngmuchmﬁsmwa:nmpmpuiymmdmﬂmmmuummmtmd,dmpimthcfactﬂmthcc-nrrm
mymuﬂmdmmmwhmmhm~?nﬂumm. !
During erection of the central station on A-15, the rear-curtain retainer removal lanyard broke, !
mquh‘ingtheLMPturmmveﬂwpinsbyhand.

Recovery/takedown of experbiment—See individual cxpeTiments, but nething was retumned from the
Stowing expertment for return—See individual £xperiments,

Loading/unloading samples on LRV—Even after the LRV was available, the ALSEP pallets were
carried by kand 1o the deployment lecation ~100 meters from the LM.

Loading of experiment/samples into the LM—NA
Stowing of packmge once jn the LM—NA
Sampling operations (sail, rocks}—NA
Trenching —NA

Raking—NA

Drilllog—Drilling was required for the emplacement of the HFE. Sonue drill cores were also taken
near the Al SEP site and helped to characterize the area, which was helpful for interpretation of the
seismic experiments, The Apollo Lunsr Surface Dirill (ALSD) was developed for these tasks and was
considered, by some, ay part of the ALSEP package.

Narigating/recopnizing landmarks—NA




had explosive charpes which were deployed by the crew but not set off until after departure. See
individual experimwnts for safety aspects.
Was lighting » problem?—No.

Were any special tools required?The Apollo Lunar Hand Tools (ALHTS) were considered by
some 2t part of the AI.SEP pucklpr.,_hu: they were moutly vsed in the geclogical field work. The

mhnnlhunuuidgnfth:mdummgtmdphulhminthcﬂm. A dome removal tool
[DRﬂwulhufllﬂnded,tnﬂpﬂﬂ:thﬂﬁJﬂmkm A-quujmduvcnlmmpumluckth:
DRT onto the dome. Mﬂ-ﬁmwﬂmhndh'uuhhwﬂh!heﬁu]mkdumu. The A-12 crew
mmnnmdﬂmthetmh!huuldh“:hmleimhulmgm The change was made for latar
flights. m&ﬂmhyhfuﬁnguﬂlmhngwhmhhmufmmtmhswu
ﬁumumgndmnbnm:ummg_ Looser tolerances would probably have climinated the problem.

Were there related experinments on other flights? Apotio? Other?—ajl landed missions had an
ALSEP cxeept for A-11, which had EASEP.

Where was it stored during Night?—A.11 through A-14 used the LM Modularized Equipment
Stowape Ares (MESA). ﬁ-li,lﬁ.md]?ﬁnﬂnSEBQuadﬂuth:mrag:m :
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What was different between training and sctual EVA?—Inatallation of the RTG power cable
connector Lo the central station was more difficult than it had been in training. The A-14 crew said
that, by the end of trining, :hey were cansistently ahead of the timeline by 25 10 30 minutes. and felt
that this would be adequate 1o take care of the extra time thet they would use on the surface in being
more carcful, and 10 allow for problems. As it turned out, it wasn’t enough. “The fact is that Yo 're
jmtabhmmﬁﬂwﬂhﬂw:ﬂnﬂﬂiﬂuﬁqtﬁm’ Thgyrnﬂmnm:ndndnlﬁﬁtniﬂipud.
The Apalle 16 Time and Motion Study looked at the ratio of time to perform tasks related 10 AL SEP
deployment on the lunar surface on A-15 and A-16 vs, the tme the crew took on their thind 1-g

raning session.  This ratio ranged from 1.16 for simple tasks 1o 2.18 for more complex ones. The

What problema were due to the suit rather than the experiment?—If the fuel element of the RTG
were 1o brush against the suit, it would have damaged it.

Relerences:

Preliminary Science Reports, A-12, 14, 15, 16, 17 ¥
Mission Reports, A-12, 14, 15, 16, 17 | ]

“Alignment, Leveling, and Deployment Constraints for A-15 Lunar Scientific Experiments.”
document in JSC History Office | _
Memorandum from PC93/Head, Lunar Surface Section, 7 October 1971, re: Apollo 14 ALSEP 4 b
Post-mission Repont -

'[11:ﬂmrmnlmntm]duuignzufﬂnfthucxpnimmumdrhccmnﬂstﬂimmdhmmdhﬁpnﬂu
Experience Report # 17 - “Thermal Design of Apolly Lunar Surface Experiments Package® t

Apollo Lunar Surface Experiments Package - Apollo 17 ALSEP (Array B) Familiarization Course - :
Handout for ctass of 1 September 1972, in 1SC History Office

{
1
¥
{

5 Awﬂnlmusmﬁmﬂxpﬁmm-mFmﬂhﬂxnﬁmﬂm-}hnﬂnmfwa:uf
L 15 Janmxry 1968, in JSC Hitory Office

f
Apollo Lunar Surface Experiments Package (ALSEP) Flight System Familinrization Manual, at ISC :
History Office

J Final Systems Mission Rules for Apollo Lunar Surface Experiments Package - ALSEP 3, March 23, ‘B
! 1970 '

| Apolla Scientific Experiments Data Hindbook, JSC-09166, NASA TM X-58131, August 1974, in
JSC History Office

Apolio Program Summary Report, 1CS-09423, section 3.2, Lunar Surface Science, April 1975
H Apolle 15 Technical Crew Debriefing, 14 August 1971, in ISC History (fTice N
‘E- Apollo 14 Technical Crew Debriefing, 17 Februery 1971, in ISC History Office Bt

Personal communication with Herb Zook, 1 April 1993, re: ALSEP command procedures
! ALSEP Termination Report, NASA Reference Publicaticn 1036, Apl 1979




Personal communication with Jim Bates, 21 Aprl, 1993 ro: ALSEPs

Apolle 16 Tame and Motion Siud

¥ (Final Mission Repory, NASA. Manned Spaceeratt Center
Hauston, TX, July 1972

Figure 20 ALSEP central stanon from Apolln
ELperiment in the background to the right.
curTying the two subpalicts (o the deployme

id. Mote the mortar box for the active seiy
The antenna mast was Laed ax the “harbe]l™
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Experiment Operations During Apollo EVAs

Acronym: Several Experiment: Cameras - General
Information
Fl/Engineer: Several PIs for individual Other Contacts: Image Sciences Division/JL
experiments
Apollo Flight No.: 11, 12, 14, 15, 16, 17 Discipline: Used to document CXpeTiments
in several disciplines
Weight: Dimensions:
Manufaciurer: Apollo Experiment No..  Supported

several experiments

Description/Purpose— Carmeras of several types were used to docutment the activities during the
Apolie missions. Scientifically useful information about the situation of a rock or s0il about 10 be
sampled was obiained, and post-sampling photos further documented the process. Photos were also
used 10 document the orientation of the experiments that were deployed on the surface, specifically
by noting the sun compass shadows and level bubbles. A gnomon (see geological tools) was used to
record local vertical, and its shadow provided other geometrical data on slope and orientation. One
leg of the gnomon had a color or gray scale on jt.

One particular type of camera was carsied which was called the Apoilo Lunar Stereascopic
Closeup Camera (ALCC). This was used for very close-up pictures of the soil 1o document its mor-
phology m place for the soil mechanics investigation. It was also used to document the thermal

degradation samples {TDS) experiment.

Unloading from the LM—The cameras and film magazincs were transferred from the LM cabin to
the surface using an equipment iransfer bag (ETB). After the CDR began 1o exit the cabin, the LMFP
would hand it 10 hin.

Transtporting by foot or MET—A bracket on the: chest-mounted remote control for the portable Life
support system (PLSS) beld a camera

Loading/unloading tools/experiments on LRV-—A TV camera and data acquisition camera were
carried om the LRV, The TV camers was remotely operable from Earth.

Site pelection—NA

Deploying experiment—NA
Checkout of experiment—NA

Operation of experiment—The A-12 crew comunented that both cameras became extremely dusty.
It was bﬁﬁ:unitha:mudhiwumthﬁm.huwuhardmdﬁmbcmuth: lenses were recessed.
Cieaning the lens was not possible until A-17, when a leng brush was included. The dust brush had
been used before that in an attempt to clemn it Tuwudm:mdof:htmmﬂﬁmﬁ-llﬂm
fluted ﬂmmbwhulnnﬂmmwmumachudlhtmmm: mounting bracket {on the front of the
suit) worked free from the screw. The camera conid oo longer be mounted 10 Lhe suil and was not
used for the remainder of the EVA.

Thr:ﬁlmwaamtmhempoudmvncuumfmmrcthmﬂhnmandwulnbcktptmmmgc
of 50° to 100° F, The Lunar Susface Procedures documents include general photo requirements for
penaramas, ALSEP documentation, the LRY “grand prix.” polarimetric surveys, and other standard
technigques.

11
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Repaira to experiment—On A-15, the LMP's camera did not sdvance film properiy near the end of
EVA 2. It farled again on EVA 3 after only six pictures had been taken. Inspection in the LM eabin
revealed excessive Junar material on the film drive, Also on A-15, the polarizing filter for the Hasse)-
blad elecnc data camera could not be installed becavse of excessive dust in the bayonet fiting. A
lens brush was used w clean the cameras during EVA. On A-17, the mennting mechanism on the
remale contrnl unit (RCU) of the LMP came loose on EVA 2, forcing Jack Schmitt to hold the
camera by hand. At station 2, the CDR repaired the mount and the camera could sgain be mounied,

Recovery/takedown of experiment—NA

Stowing experiment for return—Most cameras were left on the surface; only the film was returned.
Some were bootlegged back to the command module {CM) 1o document the EVA by the CMP dur-
ing the trans-Eanth coast (TEC) for recovery of the film cartridges (per Schmitt).

Loading/unloading aamples on LRY—NA

Loading of experiment/samples into the 1.M—{Cameras and film magazines were loaded inte the
ETH for transfer to the LM.

Stowlng of package once in the LM-—No comnments by crew.

Sampling operations (soil, rocks)—The photographic techniques used for documented samples and
for documenting core tube samples were: The CDR 100k & cross-sun siereo pair from 7 feet before
sampling while the LMP 100k a down-sun photo from 11 feet. The CDR then wok an after photo
cross-sun from 7 fect and the LMP took a cross-sun location photo from 15 feet with the LRV in the
background. Thit procedure assumed that a photo panorama was taken at each science site, showing
the position of the LRV. To document s core tube tample, a cross-sun stereo pair from 7 feet and 2
location photo from 15 feet were taken after the core tube was embedded in the surface. This docy-
mentation amounted to —10% “overhead” i the timeline {guesstimaie from Schmitt). The estimate
frem J. Young was higher, perhapa 20% of the time during geological sampling, depending on the
task.

Trenching—Sec Geology - Generad Information.

Raking—3ee Geology - Geperal Information.

Drilling—See Geology - General Information.

Navigating/recognizing landmarks—Landmarks such &3 the LRV, LM, or other landmarks were
used to document the location of samples.

Were there any hazards in the experiment, Le., hazardous materiabs (explosive, radioactive,
toxic), sharp ohjects, high volinges, massive/bulky chjects, tripping hazards, temperaturea?—RNao,

Was lighting a problem?—For the 70-mm camera, the recommended settings were /5.6 for shots
into she Sun and ~80° to cither side of the Sum; §/8 for 80° 10 nearly down-sun; and £/13 within ~10°
of down-num, Several different types md speeds of film were used for the several cameras. These are
summerized in a photographic summary section in each Preliminary Science Report.

Were the results visible to the crew?—A frame counter was available. Some comments were made
that the crew knew the film magazines were oot advancing. Dust was a problem in sceing the settings.

Wonld you recommend any design changes?—The A-15 crew commented that, since the camera
was al the same height as the area in which one rolls up the sample bags, dirt pot in the camer. They
thought Beta booties on the top of the camera might help. Young suggested that a helmet-mounted
TV camera might be used to totally document the entire scene and operation without specifically
requiring amy action by the crew, thus saving the overhead operation time of photodocumentation.

Were any special tools required?—A lens brush was used to remove dust,
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Was the arlentation of the experiment (Le, horizontalivertical) important? Difficult?—A chart of
desired photos of the ALSEP area was provided to the crews 1o document the orjentation of the in-
strumcnts.

Was the experiment soccesafu]?— Yes.

Were there related experiments on other flights? Apollo? Other?—All flights have photo.
Where was it stored during flight? —In the LM and the CM.

Were there any problems photographing the experiment?—NA

What pre-laonch and cruise requirements were there? Phwer,thumal,hunﬂ.'tn,ﬂrly
recovery? —None reported.

What wes different between training and actual EVA?—No comments by crew.
What problems were dux to the suit rather than the experiment? —No comments by crew.

Any experiences inside the LM of interest from the experiment/operations viewpoint?—Ng
comments by crew.

References: i
ﬁthmm&nﬂwmﬂcpmn;::nc E:l?umm flown on that mission in a chapier which

Apollo Experience Report # 37 - Photographic Equipment and Operations During Manned i

Spaceflight :

Apollo 17 Final Lunar Surface Proceduses, Vol 1 Nominal Plans, MSC, {1/6/72 =

i Apedlo 15 Final Lunar Surface Procedures, JSC, July 9, 1971 !

Apolle 15 Technical Crew Debricfing, 14 August 1971, in JSC Histery Office
Fersonal communication with John Young, 1 April 1993
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Experiment Operations During Apollo EVAs

Acromym: CPLEE Experiment: Charged Particle Lunsr
Environment Experiment

PLEngineer: I). L. Reasoner/ Other Contacis: Brian ). O'Brien/

Rice University University of Sydney
Apollo Flight No.: 14 Discipline: Solar wind - charged particies
radiation

Weight: 2.% kg Ihmensions: 28.7 x 21.6 x 11.4 ¢m,
stowed 46 em hiph, deployed

Manufacturer: Bendix Apollo Experiment No.: & D38

Description/Purpose—This experiment was designed to measure the ambient fluxes of
parﬁclu.huthclmtmnndiWu_wﬂhmngiummmg: of 50 to 50,000 eV. One of the most
stable festures observed was the presence of low-energy electrons whenever the site is iluminated by
the Sun. The variation during the hmar eclipse provided strong evidence that these were photo-
clectrons liberated from the funar surface.

The CPLEE consists of a box supported by legs. Tt contains two similar physical charged-particle
analjrm-.smiuuﬂdindiﬂ'mdimcﬁmsfmminhnumcxpmwnmth::cﬁpﬁcpam#ﬂm&m Each
detertor package had six particle detectors (five provided information about particle energy distribu-
ticn, and the: sixth provided high sensitivity at low particle fluxes), two different programmable high-
voltage power supplies, and other cincuitry,

Unloading from the LM—As pari of ALSEP.
Transporting by foot or MET—As part of ALSEP.
Loading/unloading tools/experiments oo LRY—NA
Site selection—As part of ALSEF,

Drphﬁqnpulmmb—ﬂmmpﬁmﬁthmtdifﬁmﬂty. Alignment snd leveling were within 2°
and 25°, respectively, by using a Sun compazs and bubble leve] Timeline shows -5 minutes atlotted

ﬂper:ﬁunnf!tperhnent—ﬁnmISCviaﬂwALSETmummdljm The dust cover was not re-
moved until after LM ascent. Ahi:fﬁmminnﬂmnnfjnﬂnuua‘dluiﬁmwudmcduﬁngﬂﬂ 1.

Repairs to experiment—None recuired.
Recovery/takedown of experiment-— NA

Stowing experiment for retorn —NA
Loading/mnloading samples on LRY—NA
Loading of experiment/samples into the LM—NA
Stowlng of package once in the LM—NA
Sampling operations (soll, rocks)}- NA

’Pﬁ.ﬂ*:_"gf fﬁﬁ%ﬂﬁﬁﬂﬂmr FILMED
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Were there rejated Xperiments on other flights? Apolla? Mber?— Ser Sugrathermal jon detector
experiment (SIDE) (5035).

A-14 Preliminary Scienee Report

Apollo Scientific Experimnents Data Handbook, ISC-09166, NASA T™ X.
ISC History Office

Apollo 14 Final Lunar Surface Procedures, ISC, December 31, 1970

Apollo Program Summary Report, section 3.2.20, Charged-Particle
ISC-09423, April 1975

ALSEP Termination Report, NASA Reference Publication 1038, April 1979

58131, August 1974, in

Lunar Environmen; Experiment,
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Experiment Operations During Apollc EVAs

Acronym: CCG (CCIG, CCGE) Experiment: Coid Cathode Gauge
{a.k.a. Cold Cathode [on Gauge,
ak.a. Cold Cathode Gauge Experiment,
aka Limar Ammosphere Detector)

Pl/Engineer: Francis 5. Johnson/ Other Contacts: Dallas E EvansJ5C
University of Texas at Dallas I. M. Carroll{UT-Dallas
Apolle Flight Nu.: 12, 14, 15 Discipline: Lunar atmosphere
Weight: 5.7 kg Dimensions: 34.0 x 11.7 x 30.5 cm
Manufacturer: The Norton Co., Apollo Experiment No.: S 058
Time Zevo Corp,

Only the amount of gas can be measured with this unit, 0ot its composition. Pressures between 10-6
and 10-12 torr could be measured. The basic sensing mit eonsists of a coaxial electroda arrange-
ment, Asguisiuniudinﬂ::inmummnﬂtmmhgnmtisam:asumufthngmdmsityinﬂn

Tnnlpmﬁn;hjhnturm—MPmtufﬁl.SEF.
Loading/vnloading tools/sxperiments on LRV—_NA

SIEMD—MFIIﬁMEPIﬂdEHﬂESIDE,WWMChiIWHMHya 1.5-m cable, It
wud:plnrndnwuyﬂmthagrmmmmnfthcsmﬂ Ilhadamnngmﬂsnﬂ,mdrhunmdndm
b:plamdﬂhﬂlimmyﬂumthewht

Deploying npuhtm!—__ﬁumuuflhc:ln:ﬁprﬂufurtheﬂﬂlﬁ were contaned in the SIDE, which
pmﬂdndllummmmdmd“dm-hmﬂmg Itwustm:dhﬂwSIDEfurumupan The
CﬂGmﬁmWﬁmtb:SIﬂEmdmmhhyambhﬂjnﬂulmg. It way

away from the LM Sacth:SIDEmpn‘hmfurdephyﬂm details. A typical timeline from A-15%
shows ~10 mingtes for deploying the SIDE, imcluding the CCIG,

On A-12, the gauge eended to undeploy itself, bus they finally pot it to fie down while pointing
vpwand at -6{°, The problem was cansed by the cable, which was eold and stiff and which kept
pulﬁngbn:kunthainmummtmdminghmfminagmnmﬂyupwmﬂdhmﬂm. The mission
repost stated ﬂmtthctupawmpwuulﬂbﬁtﬁninumfmmﬂmumpnimpuhmmnnidﬂﬂa

blem.

Fmﬂn A-14, considerable difficulry was experienced with the stiffness of the Intercornecting cable
between the CCIG and the SIDE, Whenever AIL altempl was made to move the CCIG, the cable capsed
the SIDE 1o tip over, After severa! minutes of readjusting the experiments, the crew menaged to
deploy them saccessfully,

On A-15, the connection 10 the SIDE wag redesigned 10 be an "extended feg™ based on the
above experience. It sat ~33 cm from the SIDE,

Checkout of experiment—Calibration cycles were included in the instrument operation.

PRECEDING PAGE BLANK NOT FILMED
pace 1S mrenmionacsy sLan
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Operation of experiment—Operated from JSC via the ALSEP command system. There was some
confusion during the early operation of the A-14 CCIG until the correct range setting was decided
upon.

Repairs to experiment —On A-12, the crew needed to rework the cable 12 get it to deploy properly. .
Recovery/tnkedown of experiment—NA i
Stowing experiment for return— NA |
Loading/unloading samples on LRY—NA

Loading of experiment/sainples inio the LM~ NA

Stowing of package once fn the LM—NA

Sampling operations (sofl, rocks)}—NA

Trenching—NA

Raking- NA

Drilling- NA

Navipating/recognizing landmarks N A

Were there any bazayds in the experiment, L¢., haxardous materials texplosive, radioactive,
toxic}, sharp objecis, high voltages, masgivehulky objects, Irlppinghaurth,temnrlhwu‘!-—ﬁ
squib was used to remove the dust cover, Iﬁghwha;:wunnttunmdunmﬁ]afmmeunitwu
deployed. Thm.-.ml:h‘ungnu@ﬂlhatmldhﬂcim:rfmmdwithLSMifitwmnmulcmzjm

B
]eg"fnrA—lShmmufth:highhlimd:nfﬂ::ﬁm~iln=ndr.dmpuhtﬂthcuniﬂi. Also., the
original design was furﬂleEEIthh:mﬂ}r included in the SIDE package, but its magnetic field
im:rf:mdudﬂtﬂmﬁlﬂﬂiﬂ:ﬂmnmddumpmhgunmd:dmbcupm

4 i Were any special tools required?—-No,

Was the experiment successfol?—Yes, but the unit at the A-12 site faited after —14 hours of opera-
tion when the 4500 V power supply shut off. This may have been due 1o dust getting into the wnit
when it continnaity tipped over during deployment.

Were there reiated experiments on other flights? Apollo? Other?—The lunar atmpsphere com-
position experiment (LACE) (S 205) was an improved atmospheric detector (mass specirometer)

Were there any problems photographing the experiment?_No,




fp e ey Lo

What pre-launch and cruise reqoirements wers there? Power, thermal, late access, early
recovery?—None reported.

What was different between training and actual EVA?  No comments by crew.
What problems were duoe to the suit rather than the experiment?—No comments by crew.,

References:

Preliminary Science Reports for Apollo 12, 14, 15
Personal conversation with Datlas Evans/JSC, 25 March 1993

“Alignment, Leveling, and Deployment Constraints for A-15 Lunar Scientific BExperiments,” in J5C
History Office

Apollo Scientific Experiments Data Handbook, 1SC-00156, NASA TM X-38131, August 1974, in
JSC History Office
Final Apolle 12 Lunar Surface Operations FPlan, JSC, October 23, 1969

Apollo Program Summary Report, section 3.2.23, Suprathermal Iom Detector and Cold-Cathode
Gage Expeniments, 15C-09423, April 1975

ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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Experiment Operations During Apollo EVAg

Acronym: CRD (A-18) Experiment; Cosmie Ray Detector
{CRE, CRDE) a.k-a. Cosmic Ray Experiment
ak.a Cosmic Ray Detector Experiment
LSCRE (A-17) Lunur Surface Cosmle Ray Experiment
Pl/Engineer: R, L. Fleischerf Other Contacts: Buford PricefU, C./Berkeley
General Electric R&D Lab, Robert M. Walker, E. Zinner/
Schenectady, NY Washington Univ /St. Laouiis
Apollo Flight No.: (11} 16, 17 Discipling: Radiation, solar; radiation, cosmic:
solar wing
Weight: 163 g (LSCRE]) Dimensions: 225x 63 x 1.1 <m (LSCRE)

2x 184 x30cm (CRD, folded for return)

Manufactyrer: General Eleciric Apollo Experiment No.; § 152 (5 151 on A-11)

counted.

Loading/unloading tools/experiments on LRV_—NA

Site gelection— NA

Deploying experiment—On A-16, it was 1o be deployed by puiling a lanyard on the unit. I broke.
The crew had never seen the experiment deployed and could nog tell whether the lanyard broke ar the

end of ity normal trave] or at an intermediate point. In fact, it was only partially deployed die 1o
incorrectly installed screws which intesfered with the travel of the Platea. This degraded portiony of

tha experiment.
On A-17, th:LSCREwudep]nyndhyfus:puﬂingﬂuuhdacuuroffwhﬂcmth:shadcnfﬂw
LMmdhmgnglhcmvﬂmnlmakmnchadmﬂmsldcnfm:LM cover remained in the
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on photos with no visible shade on the detector. The experiment was terminated at the beginning of
EVa 3.

Checkout of experiment—0On A-16, by the beginning of EVA 2. the temperature labels indicated thar
the expeniment was reaching its upper limit, The experiment was removed from the LM and was
placed on the -¥Y foot pad so that it faced awsy from the Sun. The crew felt that the expenment may
have reached this temperarure before landing due to the extra three revolutions before descent.

Operation of experimeni—The pancls were aligned to a new position (to allow identification of
lracks by co-alignment in the new position) by pulling a lanyard.

Repairs Lo experiment—At the end of EVA 1 on A-16, the expetiment was moved for thermal comn-
trol. Although the clemn equipment shculd not bave overheated, a deposit of as much as 0% caver
of dust would have produced excessive heating. Temperanire 1abels, designed 10 sense the approach
to the permitied upper limit, were located on the outboard face of the frame. At the end of EVA 1,
all of these labels had been affected, showing the 1emperature had txceeded 318 K- therefore, the
contingency procedure was followed. It is not known if the “dust” covering was from lunar dust
from landmg or a residue from engine exhaust emplaced during transposition and docking.

Recovery/takedown of experiment—On A-16, the experiment was terminated a1 the end of EVA 3.
The panels were hung up inside the frame. Afier pulling so hard thar the nylon strap broke, it was
necessary to use a pair of pliers to get sufficient grip on the panels 1o free them for stowage. They
were bagged for return with the help of the LMP. On A-17, the army was pullec out of its frame at
the beginning of EVA 3, after 455 hours of exposure, and folded into a compact 5 x 18.4 x 30cm
package for retum to Earth.  First, the Sun half was taken down, then the LMP walked into the shade
and mated it with the shade half. Thas, the shade half was never exposed to the Sun. The eXposure
time was cut from the original plan (through the end of EVA 3) becanse Houston expected a small
solar flare. The LMFP was instructed 10 place the LSCRE in a Beta cloth bag near the LM for retrieval
at the end of the EVA.

Stowing experiment for return—On A-16 the unit was placed imo a plastic bag for return to Earth.
The A-17 LSCRE was stored ingide a bag in interim stowage assembly F6 in stowage area A3 for LM
ascent,

Loading/unloading samples on LRV—NA

Loading of experiment/samples into the LM—No comment by crew.

Stowing of package once fn the LM—No commea by crew. D e
Sampling operations (soll, rocks)}—NA

Trenching—NA

Raking —NA

Drilling—NA

Navigating/recognlzing landmarks—NA

Were there any hazards in the experiment, ie., hamardous materials (explosive, radioactive,
toxic), sharp objects, high veltages, massive/bulky objects, tripping hazards, lemperatures?—Nop,
but the array was hot to the teach, even through the gloves, when recovered.

Was lighting a problem?—For A-16, only in a thermal sense. ‘The arrajr wis 10 be kept below
328 K. For A-17, there were two portions 10 the experiment; one to be kept in the shade and one
exposed in the sunlight. There was no problem seeing in the shade, however.

Were the results visible to the crew? —Temperature Iabels were visible on the outside.
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Would you recommend any design changes?—A mistake in the final assembly caused the panels to
be only partially deployed. The experument for A-17 was redesigned.

Were oy special tonals required?—Not nominatly, although a pair of pliers was used on A-16
during recovery.

Was the orientation of the experiment {i.e. borizontalivertical) important? Difficult?—On A-17,

one balf of the experiment was in the shade and the other half was exposed to sunlight, relatively
perpendicular 1o the solar incidence,

Was the experiment successful?—Partially.

Were there related experiments on other flights? Apolle? Other?—Analysis of the filter glass of
Surveyor III (brought back by A-12). Sounding rockets have been used to launch detectors during
solar flares. Also, the window of the A-12 spacecraft was analyzed for cosmic ray tracks. One helmet
on A-8 and thres worn on A-12 were used as heavy-particle dosimeters. A control helmet wea alap
exposcd to coMmic rays at a balloon altitude of 41 bn.  The lunar neutron probe experiment {LNPE)
ot A-17 measured thermal neutron: fluence.  The experiments were supported by Sun monitoring
stations doring the experimental period. In particular, Vels and ATS-1 were mentioned.

Where was it stored during flight?—For A-16, on the LM descent stage. For A-17, inside the LM in
storage area A5 (aft, left side, near floor).

Were there any problems photographing the cxperiment™ —No.

What pre-lsunch and cruise requirements were there? Power, thermal, Inte access, early
recovery?—The temperature was controlled below 328 K durimg trans-lunar coast (and supposedly
while on the surface) by covering with a perforated thermal coatro]l material.

What was different between tralning and sctaal EVA?—The experiment used in training was not
functional, smd the flight unit could not be cycled. The crew commented after return that they
should operste a functional replica of every experiment during training.

What problems were due to the sult rather than the experiment?—None.
Any experiences ingide the LM of intersst from the experiment/operations viewpolnt?—No.

References:

A-16 £17 Preliminary Science Repors
A-16 &17 Mission Reports

Apolio Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in
JSC Himory Office

Apollo Program Summary Report, section 3.2.24, Cosmic Ray Detecior Experiment, JSC-09423,
Apnil 1975

Apollo Program Summary Report, section 3.3.8, Cosmic Ray Detector (Helmets), ISC-019423, April
1975

Apollo 17 Final Lunar Serface Procedures, ¥ol. 1: Nominal Plans, MSC, 11/6/72
Apoilo 16 Technical Crew Debriefing, 5 May 1972, in JSC History Office
FPersonal communication with John Young, 1 Apnl 1993

Apollo Stowage List - Apollo 17, MSC, 12 December 1972
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Figure 6: The portion of the LSCRE which was located

strut of the Apollo 17 LM (AS-17-140-21382),
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Experiment Operations During Apolle EVAs

Acronym: DTREM, {L.DD) Experiment: Dust, Thermal, & Radiation
(B Lt D ements Package
FlfEngincer: James R. BateaiSC Ocher Comtacts: S, C. Freden, B. J. O’Hrien
Apollo Flight No.: {E1), 12, 14, 15 Discipline: Lunar dust
Weight: 0.27 kp Dimensions:
Manufacturer: MSC (J5O Apolle Experiment No,: M515

coverage. It consisted of three different solar ceils attached atop the structure and thres te
sensors {internal, cetl, and external infrared lemperateres). Three different Iypes of solar cells were
used: a humc:llwithmumvn-g]m: a cell with 0.13 mm cover glass: and a cell with a cover glasy

Repairs to experiment—NA

Recovery/takedown of experiment—NA,

Stowing experiment for return—NA
Loading/unloading samples og LRY—Na
Loading of experiment/samples into the LM—NA
Stowing of package once in the LM—NA
Sampling operations (soil, rocks} —NA

Trenching-- NA

Pace 2 WIELTONALY L 29
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Raking—NA
Drilling—NA
Navigating/recognizing landmarks—NA

Were there any hazards in the experiment, i.e., bazardous materials {explosive, radioactive,
toxic), sharp objects, high voitages, massive/bulky objects, tripping hazards, temperatures?—No.

Waas Hghting a problem?—No. But. as described below, on-orbit observarions of A-17 used the
Moon to occult the Sun and provide the necessary lighting conditions to view the corona, zodiacal
light, and poasible Junar dust at high altitnde.

Were the resulis visible 1o the crew?—No.
Would you recommend any deslgn changea?—None made by crew.

Were any special tools required?—No.
Was the orientation of the experiment (Le. horizontalivertical) important? Difflenlt?—No.

¥Was the experiment successful?—Yes,

Were there related experiments on other fMighta?-—The power generaied by the A-11 PSEP solar

pancls may have provided similar information, but the lifetime of the experiment was limited and the

power output carves are not retrievable. On-orcbit skeiches from the A-17 crew {and others) werse

made of the lunar horizon before ortntal sunrise. Thia was intended 10 look at the soler coronn ad

rodiscal light. A glow along the howizon has been interpreted as evidence of lumar dust at high

altitude (~10 km) that was cansed by expulsion from the surface by photocleciric charging of the soil

nedr the tesminator.  Also, one of the Limakhod novers had a UVivisible photometer which looked

vertically and registered a glow for &t least two hours after local sunset. This was interpreted as a dusy

cloud 2t leasi 200 m above the surface. Finally, Surveyor camerss registered a “horizon glow™ after

sunsct that was deduced to be only several tens of centimeters ahove the surface, The hmar ejecta and !
metenrites (LEAM) provided data consistert with the detection of the transport of lunar surface Fines. :

Where was it stored Saring flight? —With the ALSEP. |

Were there any problems photographing the experiment?—No, but the high altitude dust described i
from orbit on A-17 did not register on film :

What pre-tannch and crulse requirements were there?- Power, thermal, lafe sccess; enr]y -t |

recoveryT—None,

What was Jdifferent between trafning and acinsl EVAT See ALSFP - General Information.
What problems were doe to the suit rather than the experiment?—None.

Any experiences inside the LM of interest from the experiment/operations viewpoint?—No.

References: L

Preliminary Science Report for A-11, 14, 15

Apollo Scientific Experiments Data Handbook, ISC-00166, NASA TM X-58131, Avgust 1974, in
1SC History Dffice

Personal commmication, J. R Bawes/TSC

H. A. Zook and J. E. McCoy, Larpe Scale Lunar Herizon Glow and a High Mhmd:LunarDu:t
Exosphere, Greoplys, Res. Let,, Vol IR, No. [, 2117-2120, 1991

Criswell, D. R., Lunar dust motion, in: Proc. Ird Lunar Sci. Conf., The MIT Press, Cambridge, MA,
2671-2680, 1972
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Experiment Operations During Apollo EVAs

Acromym: EASEP Experiment: Early Apollo Scientiflc
Experiment Package

PL/Engineer: See individual experiments Other Comtacts: See individual cXperirnents

Apollo Flight No.: 11 Discipiine: Several

Weight: See individual experimenis Dimensions: See individual SApEnmEnts

Manufacturer; Hendix Apollo Experiment No.: Included S 031, § 078

Unlsading from the LM—No comments by crew,
Tramsporting by foot or MET—Carmried by hand, suitcase style.
Loading/unloading tools/experiments on LRV —NA

Site selection—The two experiments were to be placed away from the LM on a generally leve] ares,
The operational limit on A-11 constrained the deployment distance somewhar :

Deploying experiment—See individyal £XpeTiineTns.

Repairs to experiment—Sece individual exXperiments.
Recovery/takedown of experiment— NA

Stowing experiment for retura—NA
Loading/unloading sanyples o LRV—NA
Lozding of experiment/samples into the LM__NA
Stowing of package onve in the LM—NA
Sampling operations (scil, recks)-NA
Trenching NA

Raking NA

Drilllng- NA

Navigating/recognlzing landmurks—NA

Were there any hazards in the cxperiment, i.e. hazardous materials {explosive, radioactive,
toxic), sharp obfects, high voltages, massive/bulky objects, tripping hazards, temperetures?—No.

Was liphting 2 problem?— No
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Were the results visible to the crew?—Jjust level and alignment.
Would you recommend any design changes?—None made by crew.
Were any special tools requiied?—No.

Was the experiment soccessful?—Yea,

Were there relaled experiments on other Mights? Apolio? Other?—See ALSEP - General
Information.

Where waa it stored during Might?—LM SEB.
Were there any problems photographing the experiment?—No.

What pre-launch and cruise requirements were there? Power, thermal, Late access, early
recovery?—None reported.

What was different between training and actual EVAT—No comments by crew.
What problems were due to the snit rather than the experiment?—No comments by crew.
Any experiences inslde the LM of fnterest from the experiment/operations viewpoint?—No.,

References:

A-11 Prelominary Science Report
Th:dmrmﬂlmnuuldﬂigmufEASEPmdimamdinApn]luExpmim:chnn#lT—’I11c:rma]
Desnign of Apollo Lunar Surface Experiments Package.

Apollo Scieatific Experiments Data Handbook, JSC-09166, NASA TM X-38131, August 1974, in
F¥C History Office
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Experiment Operations During Apollo EVAs

Acronym: UVC (LSUC) Experiment: Far UV E:m:rm‘Spectrugrnph
(ak.a. Lunar Surface Ultraviglet
Camera)
Pl/Engmeer: G. R. Carruthers/Hurlburt Other Contacts: Thonton Page/ISC
Center for Space Rescarch,
Nava! Research Lab, Wash. D.C.
Apollo Flight No.: 16 Discipline: Astronamy, UV; Eanh atmosphere,
aurora
Weight: 22 kg Dimensions: 1 x 0.5 x 0.5 m (in Zipped bag)
Manufacturer: Naval Research Lab, Apollo Experiment No.: S 204

Applied Physics Lah {speciTometer)

Description/Purpose—A miniature observatory that acquired imagery and spectra in the far-UV
range {below 1600 4). An advantage of the clectronographic technique used was that it was eom-
pletely msensitive to visible and near-Uv light. The unit was supported between nva vertical stan-
chions on a table so that it could swing vertically from 0° 10 90", This table W5 supported by a
n—ipodmdmuldmumﬂﬁﬂ"hnri:mu]ly. The main instrument was an 1.0 Schmidy camera of 7.5
cm aperture. It had a 20° field of view (FOV) in the moaging mode, 0.5° x 20° in the spectrographic

closer to the LM than originally planned, Hence, its field of view was sormewhat restricted. It was
moved even chmmeVAEmdagainmeVﬁEnﬂuthn Sun rose high enough to shine on it,
thus -:Ij.nﬁnxﬁngltwn nﬂhcplmmdmgmd:ugmumulmimhyﬂmm. Once back in the shadow,

in the shadow per the ehecklist The three legs were unfolded and locked te form 2 tripod under a
leveled table, The only way to level it on the slope, however, was two step down on two of the three
legs, pushing themn out of sight into the regolith. The battery was placed in the Sun, for its optimal
thermal conditions, but it was moved to the shade at the beginning of EVA 3. The cable lines did not
tay flat and tangled i in the CDR’s lags almost every time he approached the camera. Fortunately,
the battery moved rather than the camera. He had o lcvel the it and point it dewn-sun to zero the
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azimuth. Pointing was accomplished by using two sets of gradvated circlea (in degrees) on an alti-
tude-azimuth telescope mount. Pointing at Earth was accomiplished by eye with a sighting tube. The
A-146 timeline allotied ~8 minutes to offlpad and depioy the unit and another ~7 minutes to align it

Checkont of experiment—For the first sequence, he pushed the “power on™ switch.

Operation of experiment—The CDR repointed the UVC three times during EVA 1, four times
during EVA 2, and three during EVA 3. Each time he had to press the “reset” switch, a5 planned.
Actual exposures were cantrolled by an electronic sequencer.  Aiming the unit was more difficglt
than had been anticipated. Becanse of high friction in the azimuth adjustment (the lubricant was a

by eye. The first target was very bright relative to later targets and manual operation of the unit was
nsed to get several shont exposures, Inadequate film advance caused the first seven CAPOSUTES 10 he
overlapped by adjacent frames (be was supposed to wait three seconds between shots but did nat).
The overlapping did not adversely affect the science.

Once cach operation was accomplished, the astronaut was (o lcave the vicinity of the camera as
soon as possible due to the venting of waste gasses from the PLSS which could increase the locai
ambient pressure, thus causing the camera 1o stop operating, and/or contaminate the optics.

Repairs to experiment—None.
Recoveryfiakedown of experiment—Only the film was recovered.
Etuwingupu-inuntfnrremﬂ—-ﬂn]yﬂm film cassette was returned

Loading/unloading sampies on LRV_-NA

Loading of experiment/saynples into the LM—The flm was retrieved and stowed in the LM at the
end of EVA 3.

Sampling operations—178 frames were obtained, including data on the airglow and polar ayroral
Zones Mﬁxmmm:mmdnv:rﬁﬂm::hiﬂu.mgﬂa.ﬂu.

Trenching—NA
Raking- NA
Drilling —NA

Navigating/recognizing landmarke—There was 2 planned set of targets with altilnde and arimuth
settings for the carsera. These had to be modified for the Laer EVAs.

Was lighting & problem?—The unit was deployed in the shadow of the LM. Since the landing was
delayed, aid thus the sun angle increased, it was placed closer 1o the LM than originally planned, thus
restricting its field of view. Refiected light was adequate 10 view the settings on the altitude and
azimuth adjustments,

Were the reslts vialble to the crew?— No. Alignment devices were visible. The crew had recejved
training with the qualification vnit & week before Launch and had discovered that the camers mode

=04
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changes preduced noise on the VHF radie. There was no other apparent electromagnelic interfer-
ence resulting from the power supply gperation.

Would you recommend any design changes?—Me. Jubricant for azimuth bearing ring. Also,
include this during tests of the instrument in environment chamber,

The backup unit to A-15 was flown on Skylab 4. The uni was modified by removing the tripod
and sealing it 5o that the internal stmosphere would not coat the optics. The mirror was alse coated
with Al + MgF3 rather than rhenium, as on the A-16 model. A clamp was added =0 that it could be
mounted o the Apollo Telescope Mount whilt on EVA. Images of the comet Kohoutek were thus
cbtained. For this operation it was pointed by eye. This experiment was celled 5201K. It was also
used by placing it in the scientific airlock, during which there were mirrors used {articulated mirror
sysiem} 1o engble pointing the FOV at the targets. During this general operation it was calted $2816,
After some time, the mirmors pot clouded by contamination from Skylab.

In the spectrographic mode, the Pl recommended that future instrurments include a coarse,
venetian-blind collimator (a few degrees FWHM) ahead of the grid collimator.

Were any special tools required?—No.

Waa the orientation of the experiment (Le. horizontelvertlcaf} important? Difficubt?—Ii was
important and very difficull. Setting the azimuth oo EVA 3 moved the camera off jevel because of
the tomue force required. In several realignments, it was impossibie to move the leveling bubble o
the center of the ring becanse of the geometry of the three camera legs on the slopes and the time
available for releveling.

Was the sxpeviment successful?—Yes.

Were there related sxperiments on other Nights? Apolle? Other?—LIV telescopes have flown in
Earth orint. One example was the Orbiting Astronomical Observatory. Hand-held photography of
the Earth and Moon was performed during many of the Apollo flights. On A-17 a far UV spec-

density and cormposition while in hmar orbit, was also nsed during TEC 1o observe Earth's atmo-
sphere, zodiacal light, and galactic and cxtragalactic sources. As mentioned under “design changes"
above, the backup unit to A-16 was flown on Skylab 4. An extreme UV survey experiment flew on
the Apollo-Soyuz test flight.

Whu*emitﬂnr:ddurhglﬂ;hﬂ—{}undﬂluﬂthMSEB.

Were there any problems photographing the experiment?—No. Photos clearly show the unit de-

ployed on the surface. Smﬂuh;diuﬂ?ﬁghhhphﬁmuﬂhnﬂn;nﬂuﬁc:lmﬂmu-
tributed to lunar dust electroatatically suspended above the surface. Seec also “Lunar Dust Detector -
DTREM.”

What pre-launch and crolse requirements were there? Power, thermal, late socesa, early
recoveryl-—A major requirement was 1o avoid gas contamination of the photocathode, The unit was
placed into a bag. Thfbagwn{ﬂmpmmadwiﬂidryuinugmcmﬁnumﬂyunﬁﬂzhumbcfm
mass of this bag is included in the 22 kg,

What was differcnt between training and actoal EVA?—The Sun angle was different than planned
and trained under.

What problems were due to the suit rather than the experiment?—No.
Any experiences inside the LM of interest from the experient/operations vlewpoint?—No.

Relerences:

A-16 Preliminary Science Report, NASA 5P-315, 1972




A-16 Mission Repont

Apollo Scientific Experiments Data Handbook, ISC-09166, NASA TM X-58131, Avgoat 1974, in
JSC History Office

Page, T. and G, R. Carruthers, 5201 Far Uliraviolet Atlas of the Large Mageilimic Cloud, NRL Report
8206, 1978

George R. Carruthers, “Apolle 16 Far-Ulraviolel Camera/Spectrograph: Instrument and Operations,
Applied Optics," Vol. 12, p. 2501 - 2508, Oct. 1973

Thornton Page, personsl communication with Thomas Sullivan

Thomton Page, “S201 Far-Ulaaviolet Photographs of Comet Kohoutek From Skylab 4 (S1L4),
Preliminary Report,™ in Comet Kohoutek, Proceedings of a Workshop held at MSFC, June 1314
1914, pp. 37-75

Apollo 16 Final Lunar Surface Procedures, March 16, 1972, M5O

Apolio Program Summary Repont, section 3.2.31 Far-Ultraviplet Camera/Spectrograph, ISC-09423,
Aptil 1975

Apelle 16 Technical Crew Debriefing, 5 May 1972, in JSC History Office
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Experiment Operations During Apollo EVAs

Actonym: LSG Experiment: Lunar Surface Gravimeter

ak a Lunar Tida] Gravimeter
Pl/Engineer: Joseph Weber/ Other Contacts:  John, J. Giganti, J. V. Larzen

University of Maryland 1P, Richard/University of Maryland
Apallo Flight No_: 17 Dhscipline: Space physics, lunar geology,
lunar gravimetry

Weight: 12.7 kg Dimensions: 27.7x 254 x 318.4 cm, stowed

plus a 7.6 cm (dia.) cable reel

Manufacturer: Univ/Maryland & Bendix Apolio Experiment No.: § 207

Description/Purpose——This was designed to make very accurage (] part in 101y measurements of the
lznar pravity and of its variation with time. F was esscntially a sensitive apring balance, and alsg
functioned as a one-axis seismometer. 1t was considered part of the ALSEP. Its imient wag to mea-
sure gravity waves by using the Moon as an fnlenea and also investigate tida! distortions of the shape
of the Moon. Following deployment of the gravimeter, problems ocourred in irying to balance the
beam. "Ihcupmhlcmswmmudhyamﬂwnuﬁml crror in the sensor mass weights. Several
reconfigurations of the instrument were made during the previous year,

Unboading from the LM-—aAx part of ALSEP.

Transporting by foot or MET-_A4 part of ALSEP.
Loading/nnloading tools/experiments on LRV _.NA

Site selection— Parr of ALSEP, -8 m from the central station.
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Recovery/takedown of experiment—NA

Stowing experiment for return— NA
Loading/unioading samples on LRV—NA
Loading of experiment/sxmples into the LM_-NA
Stowing of package once in the LM—NA
Sampling operations (s0il, rocks)—NA
Trenching —NA

Raking NA

Drilling NA

Navigating/recognizring Iandmarks —NA

Were there any hazards iy the experiment, i.e., hazardous materials (explosive, radipactive,
toxic}, sharp objects, high voltages, maacive/bulky objects, tripping haxards, temperaturea?—No.
Was lighting » problem?—NA

Were the results visible to the crew? —Instrument level end gimbal release were vigible.

Would you recommend any desigh changes? —Yes. The PT considered his exXperiment proprietary
amul was able to bypass NASA reviews and supply his experiment as a “black hox. " Perhaps the

-:'I:si,g:nmwﬂdhmhmmghinm:mmﬁewﬁmnyfmmmmﬂmmumuf
the device, but nor if they only jooked for hazads.

Were any special tools required? —The UHT was nsed during deployment. It was also used Latey 3o
an-:mptmjnrlhcgimhllnm:dming:mpﬁrm:mpt.

Was the orlentation of the experfment (Le. borkzontal/vertical) important? DHficult? —The unit
needed to be leveled,

Was the experiment successfal?—No, but the signals received were processed and analyzed for

Wu'ﬂhu-nrd:tndupu-imhmuﬂnum;hh? Apolle? Other?—There was also a traverse
mvim:tu{ﬂl!ﬂ]unﬂ-l‘?whichmnk?mmmtheIHEVA,Tmthnind,mdg‘mﬂw
3nd. Uxbitdmmumnuufmnmw:mad:inm:m[mhhﬂminim,bnﬂmmmdmd
wnmanned. There were also seismic experiments (S 031 and S 033) performed on landed missions.

Whmwuit!tﬂrddm-hgﬂight?——ﬁ.zpmnﬁh:ﬁHEP.

Were there any problems photographing the experiment?—No,
Whntpu—hunch:ndmhcraquirmnumth:re? Puwer,thermnl,htmmmly

reCovery?-—-None,

What was different between training and actual EVA?—NoG comsments by crew,
mprobkm:mduetnthc:ﬂtnthtrthmthttwml?—ﬂnmmmmu by crew.
Any experiences inside the LM of interest From the experiment/operations viewpolnt?—No,
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Experiment Operations During Apollo EVAg

Acrenym: TGE Experiment: Traverse Gravimeter Experiment
;3 Pl{Engineer: Manik Talwani/ Other Coatacts:  George Thompson, Brian Dent
] Columbia University Stanford University
- Apollo Flight No.: 17 Discipline: Space physics, lunar geology,
lunar gravimetry .
Weight: 14.6 kg Dimensions: 50.8H x 27.9W x 24,8 cm deep <

Manufacturer:  MIT/Draper Lab Apollo Experiment No.: 5 |99

tive 10 an accurately known value on Barth, The ETavily semsor used was a Bosch Arme [ME vibras

ing string accelerometer. It was a double-stringed instrument. The sensor was mounted on a -
B gimbaled frame. Two vertical peodulums mounted on the frame sensed departures from vertical .
S through comparator circuits, which drove motors to level the unit—up 10 20 seconds was required in '

- ﬂmmnm]nmd:m:lhctm?ﬂ-lmsmuud.ainm:hia:nmdnﬁnsh‘unmnthwmdlThe'I'GE

could be leveled only if it was initially placed in a position less than 15° from Jevel. The entire unit

was housed in a cylindrical box with a flat rear surface. The battery powered unit had three feet, a

handle for carrying, and a cover over ihe display/contrel panel,

Unloadlag from the LM—With Al SEP pallets,
Transporting by foot or MET—NA

Loading/unloading tools/experiments an LRV—Uk rode on the geopatlet at the back of the LRY,
Bﬁwmﬁ?&pﬂind:.ﬂuunitmphmdhﬂu:hm“dthlh:ndimnpm

- e 0 1 o g 3 o ¢ 8 8

Checkout of experinvent—Several runs noar LM, and on and off the LRV, were performed to check
the operation of the instraument

Operation of experiment—A network of gravity measurements at 12 sites spread across the valley A
ﬂmr{mdm:gnvhmtﬂhh:mnummmﬂmubuimdduﬁngﬂﬁsmﬂ-l?. Six measire- 2
by mmta[uﬂﬂr.biu}w:mmud:mE‘M.l.mvmmE‘uFAE,mdfnurmEVAltpmduut
. several stations and near the LM (some were duzplicates). A measurement was initiated by depressing
the "GRAV” butten. The cycle started by leveling, then went into the measurement mode. To ob-
tain mtbmwnwmnupuuchuummpuxhnd, and a similar sequence ensued. It had 1o be
left undistirbed during -its operating cycle, The reading was displayed on the display and stayed on
for 20 seconds. It could be redisplayed by pushing the “READ” button once the erewman had me
toread it. A topele switch selecied ON or STANDBY for power conservation,
The TGE team strongly wanted to impose 2 constraint which would not allow the LRV TV camera e
to be gimed during the gravimeter's operating cycle becanse of vibrations. The geology team was e
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sulting in an erroncous reading.
Recovery/takedown of experiment—Left og the surface.
Stowing experiment for refurn-— NA

samplet oo LRY—It was mounted om & paliet. There was a folding handle an
top of the unit. Eamlun:hunnrhl:aai.d:;nfu-u:handl:asncumdiimthtm‘fpallctwhmth:hand]n
was pressed down toward the rear of the unit.

Lozding of experiment/samples fnto the LM_NA
Stowing of package onee in the LM—NA
Sampling operations (soil, rocka)—Na
Trenching- NA

Raking—NA

Driiling Na

Navigating/recopnizing landimarks— NA

Power was supplicd by a 7.5 V¥ barttery,
Was lighting » problem?—No.

World you recommend any design chanpges? —No comments by crew,
Were any special tools reqoired? —No.

Was the orientation of the cxperiment (e, horizontal/vertical) important? Difficult?—Yey, level
was mmportant, but the asironaut only kad 1o have it level 10 15%, the mstrument did the rest,

Was the experiment sucoessful?  Yes,

Were there related experiments on other lights? Apollo? Other? There was a statiomary LSG
(5 207} on A-17, Also, orhital i

‘l'i-u-
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by

Were there any problems photographing the experiment?— No.

What was different betwesn iraining and actus] E¥VAT—No comments by crew.

Whuprnblummdntmmemﬂrlthuﬂlmtheptrimml?—ﬂpe:aﬁngihcunjtnnﬂusuﬂacc,
a.nuppomdmnnthgl.nv.mdiﬂimhbmuitwuvnylnwmdth:sujtmad:ithudtnlmmm
and press the buttons. Gma&mnntmdndmpmitdnwnnnnh:mvmmuhemuldhmmitm
mmhﬂmerpuimmt,urifmaslup:,stmdm:hpe, L:mﬁngmascmpmighthnvcwmtnm

oo,

Any experiences intlde the LM of interest from the experiment/operations viewpoint?— No.
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Figure 11: The TGE experiment as operated on the

sitting on the surface directly “above”

wiis alse operated without removing it
ed on the LRY.

surface (AS-17-142-21730). The unir is
the geological scoop, which is in the foreground. It
from the LRYV. See also figute 37 for the TGE mount-
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Experiment Operations During Apollo EVAs

Acronym: HFE Experiment: Heat Flow Experiment
Pl/Engineer: Marcus G, Langseth/ Cxher Contacts: Sydney P, Clark, Jr./Yale
Columbia University FL. Chute, Jr., 8. ). Keihm/
Lamont-Doherty Geological
Observatory
Apollo Fligh No.: 15, (16), 17 Disciplme: Lunar geology, heat flow
Weight: 9.9 kg, total: Dimensions: Probes - 4 x 50 cin segments
4.6 kg, electronics box (stowed B6x 114 x 648 cm);
electronics box 28 x 25 x 24 em
Manuofacturer: Columbia University, Apallo Experiment No.: § 4373
Arthor D, Little, Martin-Mariera

evolution of the body.

The essential measurements were made by two slender lemperature-sensing probes that wers
placed in pre-drilled holes in the subsirface (the borestems weze left in the ground, as well), spaced
=10 m apart. Each probe contisted of two nearly identical 30-cm-fong sections. Each section of
cach heat flow probe had two accorate (+/-0.001 K) differential themmometers that measured termp-
erature differences between points separated by 47 and 28 cm. The probe scgments also confained
heaters which provided heat to measure the thermal conductivity. The electronics were contained i a
separate box which rested on the lunar surface and was connected o the ALSEP centa) station.

Unlpading from the LM—As part of the ALSEP,
Transporting by foot or MET——As pani of the ALSEP,
Loading/mmlcading tools/experiments on LRY—NA

short of the nm of Camelot.” The umportant thing, a4 far as the crew was concerncd, was 1o get the
very best data possible for this experiment on the last cpportunity to do so. They did, indeed, land
short by the necessary distance, although it is unclear whether it was necessary to redesignate,

45
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Deploying experiment—The general operation mvoived assembling the first two bore stems, ingerting
themn into the drill chuck, and drilling into the surface until about one-third of a Section protruded

drilled further until again about one-third of a section remained above the surface. The procedure
was repeated for a thind pair of bore stems unti! ~15 cm remained above the surface. The drill was
then removed and the HFE probe was insentad as far a5 possible inte the bore stem using the emplace-
ment tool. The depth of penetration was indicaied by markings on the tool. The drill and rack were
carried to the second probe site and the entire procedure was repeated. The timeline for A-[5
planned ~61 minutes for the entire activity. A-16 allotted 84 minytes.

On A-15, drilling the holes to emplace the robes was more difficult than had been expected.
The resistant namre of the subsurface or the poor bore stem design prevented penetration to the
planned depth of 3 m. Instead, at the probe 1 site, the bore stem penetrated 1.62 m: and, al probe
site 2, the borestem penetrated 1.60 m. An obstruction, probably a break in the stem ar g depth of 1
m, prevented probe 2 from passing 1o the bottom of the borestem.  This “break” may have beeq
caused by pulling up on the bore siem, causing 4 decoupling of the sepments. Because of the very
larpe temperature differences over the upper section, no valid temperature measurements were

On A-16, the first hole was drilled and the probe insartad successfully, but the cable connecting
the electronicy package to the central station was then madvertemly pulled loese from the connector
on the central station when the CDR canght his foot in the loose cable. The cable had looped and
becomne ansgged on a boot. This rendered the experiment useless and drilling of the secand hole Wh3
ehim:nated. The CDR did not know thas the cable had broken because pressore suit mobility is re-
strictive and he could oot nofnadly see his lower legs or feet. The mission report pointed out that
was well known that the ALSEP package cables had memory and stood off the surface in low 2. This
condition reqaired & crewman 10 jump clear of cables which he could noe adequately see.

Recovery/takedown of experiment—NA

Stowing experiment for return—NA
Loading/unloading samples on LRV_NA
Loading of experiment/samples into the LM—NA
Stowing of package onee in the LM—NA
Sampling operations (sodl, rocks) —NA
Trenching—NA

Raking NA
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Drilltng —During the drilling, the bore stems were dritied into the surface in sections. After the firse
wn.sdriﬂﬂdhpmm:.r,awrmnhwa;umdmr:l:az:ﬂmclmck&umﬂtﬂmn.thnmdsmjunwu
mwdhmmtlwumﬂmmdm:driumchudmthhuppmsmﬁm This process was repeated
to attach the third section, The holes were 10 be within lj“nfvcrﬂcﬂ.uﬁmmuydetcmhmdhythn
asironaut once the probes were inserted. The cores were left m place.
Drﬂlingﬂummndhulnfmth:h:uﬂuwmbcmﬁ-ljmwddjfﬁm]h Because of the high

toxic), sharp objects, high voitages, tnassive/bulky objects, tripping hazards, temperatures?—

During deployment oa A-16, the cable was pul.led[ms: of the ceniral station during deployment by 'r

[l - a

tripping. T!mwudwmnmm m the cable wh:chd:dnmnﬂnwnmlinﬂm:aushgn tripping

Wai lighting a problem?—No
Were the results visibic to the crew?—Other than the drilling effort and alignment, no.

Would you recommend any design changes?—The drill stem was redesigned bused 00 the A-15 .

axp:rimlhubhnﬂmhnmummmgﬁmadfwtheﬁ—l? instruments 5o that ¢ven the
exceasive foree of tripping over the cable would not pull it Joose, .

Was the experiment successful?—On A-13, partially. On A-16, one cable was broken and the hard-
ware became inoperative. On A-17 the experiment was successful.

Were mmmmummmgm? Apolio? Other?—No.
Where was It stored during flight?—LM MESA_
Were there any problems photographing the experiment?- No,

Whntpre-hunchmdn-nhereqnhmmhwmﬂlau? iner,thu-ml,htemmly
recovery?-—None,

thtmdﬂfumtbdwmlrninin::ndaﬂunlE?&Tu—Drﬂﬁngcffm |
What problems were due to the suit rather than the experiment?—No comments by crew, ’ g
Any experiences [nside the LM of interest from the experiment/operativas viewpoint? —No., .ﬁ'i #a

Wuthnmimhﬂuﬂrthetxpuimtﬂ.nhmmu—ﬂunlmporhm? Difficuli? —The elec- A
uuninpnnhgewulwclndtuwimini'nfvnﬁmlwirhthaﬂﬂr. It wax not dif Aﬁmw“# ,,r 3
i 3 T ETEY l.u e ke T | -ﬁ i '.':';;"1 T e ' e )
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: Figure 12: The HFE during emplacement on Apollo 15. The drill rack i in the foreground %

and the ALSD is on the surface behind the berestem, which is emplaced in the ground. The s
) dark, two-segment rod in the left hand of the crewman is the heat probe. The white probe bl
¥ emplacement tool is in his right hand (AS-15-92-12407). : o
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Experiment Operations During Apollo EVAg

Acronym: LRRR, LR3 Expetiment: Laser Ranging Retrorefiector
Pl/Engineer: James E. Faller/ Other Contacts: C, O, Alley/University of Maryland
Wesleyan University
Apollo Flight No.: 11, 14, 15 Discipline: Earth/Moon 5ystem
Ht W-stwd  Wedplyd  Lppth
Weigh: A-11 23,59 kg Dimensions: 292 cm  68.6 68.5 66.0
A-14  20.4] 30.0 63.8 63.8 654.8
A-15 3620 0.0 69.5 105.2 64.8
Manufacturer:  Bendix Apollo Experiment No.: S 078

of the Banth, including the Chandler wobble of the poles. This is accomplished by using the tech-
nigue of short-pulse laser ranging. The LRRR of A-14 differed in only main design aspects from

had only 100. The A-15 ammey cansisted of a hinged, two-panel assembly (204 and 94 reflectors)

Unloading from the LM—No comments by crew.

Tmnpwﬂnghyfmtnrm—Canindhyhandmﬁ-]ltnbnlanc:thaPEEPpachgeinm:uther
hand. Al:ncmﬁndbyhmdnnﬁ-l#whﬂ:pu]lingﬂmhm.

Loading/unicading toolt/experiments on LRY-—On A-15 it way carried on the LMP's seat of the
LRY¥, h=ld in place with the seat belt, and driven 1o the deployment site. The LMP waa carrying the

Site selection—Geoerally flat and level area, 300 10 500 feet due W of the LM. Greater than 500 feet
wag requested to minimize the dust from LM ascent.

Deploying experiment-—Carried by hand (alomg with the PSEP on A-11} to the deployment sire.

The leveling leg, deployed by the asironaut by pulling 2 pin, provided the proper elevation angle for
each site. It was tilted andmmma:ndmﬂmsurfmusing the UHT, It was pointed towards the
Earth. The bubble psed 1o tevel the device on A-11 showed it 1o be within 0.5° of level, with the
bubble oriented to the §W. A sun-compass allowed azimuthal elignment of the armay with respect to
the Sun. After thesc steps, the dust cover was removed  There was no trouble deploying the A-14 or
15 LERR, either. The cperatipns sequence on A-15 was slightly different, but essentially the same
tasks were performed. A typical timeline from A-15 shows -6 minutes for deploying the experiment.

Checkont of experiment-—Range measurements 1o the A-]14 LRRR (from Earth) were successfully
accomplished on the day it was deployed. Measurements taken after LM liftoff indicate that the
ascent stage engine burn caused no serious degradation of the LRRR reflective properties,

Operation of experiment—Nope, it js passive.
Repairs to experiment—NA
Recoveryftakedown of experiment— NA h
Stowing experiment for return— NA

=3 I'“'l.
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Loading/unloading samples on LRV--NA
Loading of experiment/samples into the LM—NA
Stowing of package once in the LM—NA
Sampling operations (soil, rocks)}—NA
Trenching—NA

Raking--NA

Drilling—NA

Navigating/recognizing landmarks— NA

Were there any hazards io the experiment, be. bazardous materials (explosive, radioactive,
toxle), sharp ohjects, high voltages, massive/bulky ohjects, tripping hazards, temperatures?— No.

Was lighting a problem?—NA

Were the results visible to the crew?—The unit had a gnomon and bubble leveling device for the
astronaut 1o use dusring deployment. The results of the experiment were not visible 1o the crew.

Would you recommend any design changes? —The overall design for the A-14 and A-15 reflector
arrays was similar to that for A-11 except that the half-angle taper of the reflector cavities was in-
creased 5o as Lo increase the array optical efficiency 20 10 30 percent for off-axis Earth positions.
The number of reflectors in the array was increased for A-15 10 permit regular observations with
simpler ground equipment.

Were any special tools required? —UHT.

Was the orientation of the experiment (Le. horizantal/vertical) bnportant? Difficubt?—Very
important, but not difficult. It was aimed at Earth and leveled to within 5°, Alignment was reported
by noting where the shadow was cast o index marks by the gnomon. These marks were set for a
specific landing site and deployment date,

Waa the experiment suceessful?— Yes.

Were there related experiments on other fights? Apollo?—A-11, 14, 15 all had LRRR. A French-
Russian array was camied on Luna 17. TwuLﬁGEﬂSmﬂim;wmlammhndhythGSBuulcfmm
high orbits within the Van Allen belun?).

“’h:rewnlt:huddurh;mghﬂ——ﬂnﬁ-llitwuuumdinmswﬂ. A-14 stored it in

*
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Were there any pmbknu photographing the experiment?- No.

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?—None.

What was different between tralning and actual EVA7—No comments by crew.
What problems were due to the aukt rather than the experiment’—No comments by crew.
Any experfences Inside the LM of Isterest from the experiment/operations viewpolnt?—No.

References:

Preliminary Science Repurts for A-11, 14, 15

Apolle Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in
ISC History Offica




Apollo Program Summary Report, section 3.2.19, Laser Ranging Retro. cflector Experiment, J$C-
09423, April 1975

ALSEP Termination Repor, NASA Reference Publicarion 1036, April 1979
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g Figure 13: The LRRR as deployed at the Apolle 14 site. Note the bubble leve] and the sha-
i dow graph for orientation. These were sct for the landing site locarion prior to launch {AS-

14-67-9385). See also figure & for 2 method of carrving the LRRE.
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Experiment Operations During Apolioc EVAg

¢
X

Acrenym: LACE {(LMS) Experiment: Lunar Atmuspheric
Composition Experimwent
(a.k.a Lunar Mags Spectrometer)
Pl/Engineer: Tehn H. Hoffrman/ (hher Contacts: Dallas E. EvansfJSC
University of Texas/Dallas R.R. Hodges, I, & _
F.5. Johnzon/1!, T.Dallas -
Apollo Flight No.: 17 Discipline: Lunar atmosphere N
Weight: 9.1 kg Dimensions: 33.7 x 16.5 x 31.8 em i
Manufacturer: Univ. of Texas/Tiallas, Apolle Experiment No.: S 205
Bendix

afier deployment. :
Unloading from the LM—As part of Al SEP. A

Stowing experiment for return—-NA
Loading/unloading aamples on LRY _Na
Loading of experiment/samples into the LM—.NA
Stowing of package once in the LM——NA
Sampling operations (soi), rocks)-—NA,
‘Trenching-— NA

Raklng -NA
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Drifling NA
Nevigating/recognizing landmarks—NA

Were there any hazards in the txperiment, Le, barardons materlgls (explogive, radioactive,
toxlc), sharp objects, high voltages, massive/bulky ohjects, tripping havards, temperatures?—High
vnhlgﬂinﬂmimmun:mwmnulmmndununﬁlaﬂcrd:pmtm.

Was lighting a problem?—No.

Were the results visible to the crew?—Just level and alignment.

) Would you recommend any design changes? —None made by crew.
' Were any special tools required? THT for deployment.

Was the orientation of the experiment (Le. horizontalivertical) Ircportent? Difficult?—The
Cnlrance aperture was ori npwudmintﬂncptandnmumﬂmdnumwardﬂuxnfguusa:me
turar surface, It only needed to be within 15" of level. The bubble level made this easy. An arrow
dided the orientation of the instrument toward the Sun.

w4y

Were there related experiments on other flights? Apalio? Other?—The CCIG (5038) on A-12, |4,
iy ions, spectrometer (3-165} in the SIM bay of the
SM on A-15 &16 also observed the hmar atmosphere at higher altitodes. Also, the Far Uliraviolet
Spectrometer Experiment (S 169) in ¢he SIM Bay of the SM of A-17 was used 10 measure the lunar |
amosphere vaing resonance line stattering (none found except for a clond just after LM descent,) '

{
)
g
g
g
|
i
g
7
:

Aoy experiences inside the LM of interest from th¢ exper] meatioperations viewpoint?_— No Y
comments by crew '
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Figure 14: The LACE instrument deployed at the Apello 17 ALSEP site. The bubble lsvel
and orientation arrow are visible on the top (AS-17-134-20498).
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Experiment Operations During Apollo EVAs

Acronym: LEAM Experiment: Lunar Ejecta and Moeteorites
Pl/Engineer: Ouo E. Berg/ Other Contacts: F. F. Richardson, H. Burton/ |
Goddard Space Flight Center Goddard Space Flight Center |
Apolle Flight Na.: 17 Discipline: Lunar geology, cratering,
micrometeorites
Weight: 7.4 kg mensions: 32.3 x 305 x 19.8 cm, stowed
Manufacturer:  Bendix Apollo Experiment No.: § 202

Description/Purpose-—The objectives of the LEAM experiment were 1o defect sccondary particles that
hulbe:ncjnﬂndbymﬂmﬂmimpmummcimm:fmmdmdﬂmtpﬁnmmmmus

themaelves. Mﬁrm:h:mﬂfpmticlﬁsmmt:mdhyﬂwmmhﬂudad lunar ejecta, interste]lar
grins, and cometary debris, afl of which can be considered under the title of costnic dust. The exper-
iment measures particle speed, radiant direction, particle momentum, and particle kinetic energy. The

Transporting by foot or MET—As part of ALSEP,
Loading/unloading tools/experiments on LRV—NA

Dqﬂnﬁn;upﬁinml—ﬁ,zpmufmi Thmwhﬂmmwmacahlcmﬂmnmhﬂsmﬁnm
r:muv:t.hcil:l.'mum:utf.rnmm:mbpll]:t,localeitleutSEnfﬂmmha]smﬁun.rel:mﬂultgs.
mdp!mtinml‘.hnsurf:l::wilhini*uflt\rﬁlnndi‘uflﬁmmmt,u.singal:mhhtcmdlund.‘inL As
mqmmm:unmwudimﬂﬂ'm&mtmwmwum. It waa

Checkout of experiment —Afier deployment, it was.commanded “on” from Earth for calibration, ™
ﬂtnhuuduﬂ'mﬂiﬂn-[ﬂumﬂmﬂdemmﬁmnﬂhasmﬁummnﬂh:lﬁm

Operation of experiment —Operated from ISC via the ALSEP command sysiem. The dust covers
over the sensors were comrmanded 1o release in the Junar night, but did not, periaps becanse of the
cold. They did release sometime during dawn of the second lunation,

Repairs to experiment—None required or atiempied.
Recovery/takedown of experiment— N4

Stowing sxperiment for return—NA
Loading/unloading semples on LRY-_NA

Loading of experiment/samples into the LM—NA
Stowing of package once in the LM—NA

Sampling operations (and], rocks)}—NA,

Trenching —NA
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Raking -NA
Drilling —NA
Nuvigating/recognizing landmarks NA

¥as lighting & problem?—Ng,
Were the results visthle to the crew?—Only alignment and level.

ht:c:aus:d:c&mrmﬂmn&iﬁmﬂth:ﬁ-l?:immdiﬂ‘mtlhmthnn:.uﬂhedui,puim[]ﬂ:lplain
at the equator). Huw:vmﬂ:-:unilnpﬁﬂnddurh:g 100%. of each lumar night and 30% of each lunar
day.

Were any special tools required?— UHT for deployment,

Was the orientation of the experiment (Le. horizontat!vertical) important? DifMcult?—Orientation
WaS inportant so that the radian, or source direction, of the impacting particle could be determined.
This allowed differentiation betwesn intersicllar grains and other types of cosmic dust. A bubble
l:v:lmddu;hndﬂwufng:mnmnunnmpusmuwmumi

Was the experiment successful?—Yes, but unusual dats events followed by Iaboratory investigations
uﬁmm:spunlEAMunitindicatndﬂluﬂmhmm:wummndingmtlu-.l:rmpunnfhmarmr—
face fines,

%mmltﬂnﬂeﬂduﬂn‘ﬂlght?—mwnfﬁl.ﬂﬁﬂ .
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Were there any problems phntnpﬁ:hh; the ﬂpﬂimenﬂ-—ﬂu

What pre-lsunch and crulse requirements were thers? Power, thermal, late access, early
recovery?’—None reported.

What was different between training and actual EVA?— No comments by crew.
What probiems were due to the sult rather than the experiment? —No comments by crew,

Any experiences inside the LM of interest from the experiment/operations viewpolnt?——No
comments by crew.

References:

A-17 Prelimimary Science chort

A-17 Mission Report

Apolle 17 Final Lunar Surface Procedures, Vol. |: Nom:nal Plans, MSC, 11/6/72
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Apolle Lunar Surface Experiments Package - Apolle |7 ALSEP (Array E) Familiarization Course -
handout for class of 1 September 1972, in JSC History Office

Apolle Scientific Experiments Data Handbook, ISC-D9166, NASA TM X-58131, August 1974, in
ISC History Office

Berg, Q. E., H. Wolf, and I. Rhee, Lunar soil movement registered by the Apollo 17 cosmic dust
experiment, in: Inverplanetary Dusr and Zodiacal Light, H. Elsasser and H. Fechiig, eds.
Springer-VYerlag, New York, 233-217. (976

Berg. 0. E.. F. F. Richardson, ]. W. Rhee_ and 5. Auer, Preliminary results of a cosmic dust
experiment on the Moon, Geophy. Res. Len. 1, 289-290, 1974

Apollo Program Summary Report, section 3.2.25 Lunar Ejecta and Meteorites Experiment, 1SC-
09423, April 1975

ALSEP Termination Report, NASA Reference Publication 1036, April 1979

Figure 15: The LEAM instrument as deployed at the Apollo 17 ALSEP siie (AS-17-134-
20500). The central station is directly behind it. the RTG to the right of that, 2nd the [5G to
the left of the central station. Discarded pailets and trash are also visible,




Experiment Operations During Apollo EVAs

Acronym: None Experiment: Lunar GlTll:er;tm
PL/Engineer: See below Other Contacts: See below

Apollo Flight No.: 11, 12, 14, 15, 16, 17 Discipline: Lunar geosciences
Weight: NA - See Lunar Geology - Tools Dimensions: NA

Manufacturer: NA Apollo Experiment No.: S 059

Deploying experiment —NA

Checkout of experiment—NA
Operation of experiment— NA

Repairs to experiment—NA
Recovery/takedown of experiment— NA

Stowing experiment for refurn—The samples were bagged and placed in the Apollo lunar sample
retum containers (ALSRC) for TefuI.

Loading/unkeading samples on LRY-—Once the LRV was available, the sample coilection begs were
anacked to a 100! rack which was attached 1o the LRY. The bagged samples were placed in these for
cventual placement into the “rock boxes™ {ALSRC) and loading into the LM.
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Stowing of package once in the LM—The A-11 crew weighed the rock boxes outside, but the other
crews carried them directly inside. After getting the samples into the LM and repressurizing. the
boxes were weighed. The A-i6 crew had 10 do some shuffling of rocks between bexes 1o keep them
below 45 pounds each for weight and balance concemns. They also had o repert the weights 10 Eanth
and wait to see if they could bring all the samples home. If not, the excess would have been tossed
anto the surface before ascent. On A-12, this scale broke due 10 a Joose nut.

A study indicated that, because of the temperaturz on the Moon's surface, lunar samples wounld
cool the LM cabin when placed in the rock box inside the cabin, apparently because of the “dawn”™
sampling. An aneedote from John Young tells of his hand freezing to a rock which he had let cool in
the shadow of the LM after be had broughi it inside. Afier ~5 seconds il came loose. In the future,
hot rocks could hear the ares in which they were stored and be a burn hazard.

Sampling operations (soil, rocks}—The heart of the geology “experiment” was in the collection of
samples while on raverses. The EVA on A-1] was limited to within 200 m of the LM. On A-12,
walking traverses up to 500 m from the LM were performed. The Apollo 14 crew had the MET o
carry their tools and went nearly 1.4 km from the LM. Once the LRY was available, traverses of up
to 20 km, lasting up to 7.5 hours were possible, with stops at several geologically interesing stations.
These were limited by the walk-back time to the LM {in the avent of an LRV Ffailure) vs. PLSS
consumables,

A-11 had difficulty collecting the bulk sample. Difficulty scooping up the material without
throwing it out as the scoop came free created some problem. 1 was almost impossible 10 collect a
full scoop of material, and the task required double the planned time. The fact that the MESA was in
shadow magde the operation difficult, and 1they recommended a yaw maneuver just befere touchdown
to put this area into the sunlight.

Drunng soio atiempts 1o sample s01l, an astronaut would have o hold the end of the loaded scoop
in onc hand, an open sample bag 1 the other, and then, with both anms extended, try 10 pour the soi
into the bag. Some crew developed the ability to do solo sampling with relative ease by “walking” a
hand down the handle of a shovel until it was close to the actual scoop, then bagging the sample
closer 16 the chest. For two people, so0il sampling was easier: one person manipulated the scoop, the
other the bag.

A-12 crew comments indicate that geojogical operations on the Moon are mere difficult than on
Earth because the color cues are not there. The lunar geologist has to look for texture, fracture, and
luster, among other things, to aid in determining differences in rocks and minerals. Color differences
were very slight. The samples were extensively photographed (usually) in-place before sampling, and
the sampled arca was photographed again post-sampling. A protocol was developed for documenta-
tion. The Preliminary Science Reports cross reference samples with photographs, sample numbers,
and mission timeline. _

The A-14 crew commented that they had a difficult time getting a single sample bag. When
reaching for one, 2 or 3 would come loose. They would use one and the rest would fall 1o the
ground. It was 100 defficult 10 recover them.

The A-15 crew emphasized their impression thar their ability 10 identify rock types at the time of
their collection seemed egual to their ability 1o do 50 during the many terrestrial field exercises of the
traiming pericd. They felt basically unhampered (aithough somewhat slowed physically) by the
bulky equipment. (Perhaps their uppression—different from the A-12 crew—reflects a greater
amount of pre-flight traimng—IKEd.)

Documented samples, those with extensive photographic coverage, took -3 minutes each on
A-16. It was & two-persom activity. Activities included: CDR - describe sample and place gnomon
down-sun with pointer leg at sample and color chart a1 45° o Sun; take slereo pair cross-sun at /8,
17250, 7 feel: collect sample; take “after™ photo cross-sun at 78, 17250, 7 feet; describe area of
sample; pick up gnomon; proceed ta next sample; LMP - describe sample, take down-Sun photo at
{11, 1/250, 11 feet; prepare sample bag and report bag number; seal sample bag and place in col-
lection bag, take locator photo using LRY in hackground cross-sun at £/8, 1/250, 15 feet. Special
samples included deep drill cores, CSSD (Contact Soll Sampling Device), skim samgple, and scoop
sample. The A-16 crew had a lot of difficulry with their 20-hag dispepsers falling off, which slowed
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down the sampling operations. Also, since each crewman had 10 place hys samples into the bag which
hung on the PLSS of the other crewman, their proximity to each other was necessarily close. Future
sampling operations might benchit from allowing a crewiman 1o place samples in a bag hanging on his
own FLSS (requiring high flexibility in the suit) or perhaps from using a sack that can rest on the
ground with a handle that can be reached for carrying like a shopping bag (per J. Young).

Trenching—Trenching was used to obtain sub-surface samples as weil as 10 observe soil mechanics
behavior. A deep trench (up 1o 50 cm) was dug on A-14. 1 ook three minutes 1o dig a shallow
rench on A-16. The soil mechanics studies added to this lime, 10 minutes was allowed for such a
trench on A-135 timelines. Tt was a two-person activity, but was done solo by the LMP (Irwin) due to
timeline problems caused by the vise with the core wbe sample. Planned activities included: 1LMP -
take locator phota with LRV in background, cross sun, /8 17250, 15 feet; use scoop to dig trench

3 - ¥ inches deep 20° off sun-line; take “afler” photo down-sun £/11, 17250, {1 feet; CDR - sclect
area (o be sampled. place gnomon; take “after” photos, stereo pair cross-sun /8, 1/250, 7 feer.

Raking—The rake was designed 10 provide a technique 10 obtain sampies of small rocks, 1-t0-5 cm,
wiich would otherwise be very hard to obtain operationally. Because of the mobility of the suit. it
was possible 10 operate it with ooe hand. On A-16, it ook 8 minutes to get a rake sample with soil, i
Was a [wo-person activity. Activities included: CDR - select area for optimum rock distribution and
place promon; describe arca and refate 10 surrounding terrain: 1ake cross-sun stereo pair £/R, 17250, 7
feet; use rake Lo collect 1 kg of rocks (-1 sample bap full); ge1 sample bag ready, report number, hold
for LMF 10 fill; close sample bag containing fines (sce below): seal and stow in sample coilection bag
(on LMP PLSS): take "afier” shot, cross-sun, if8, 17250, 7 feet; LMP - remove rake and extension
handle from LRV hand rake to CDR; rake“before” photo down-sun (711, 17250, L1 feet; make
ready sample bag, repont number, hold bag for CDR, 1o fill: close and seal samuple bag containing
rocks (see above), stow in SCB (on CDR PL5S): collect 1 kg 1ines (1 bag full) frem a pristinc area:
take locator shol, LRV or landmark in background, §8, 1/25C, 15 feel: stow rake on the LRV,

Core Tubes—Three generations of core tubes existed. Early tubes were sometimes hard to drive inte
ihe compact lunar regolith and did not always retain the core when removed. By A-15 new, thin-
walled, larger-diameter core ubes were designed and worked well, On A-16, it took 5 minules to gel
a single core tbe, 11 minutes for a double core whe. A core sample vacuum centaine:; with single
core iook O minules. [t was a two-person activity, Activities included: CDERE - place gnomon nearby;
remove hammer from LMP PLSS tool camier: teke siereq pair cross-sun a1 £78, 1/250, 7 feet: photo-
graph tube and LRV f/8, 1/250, 15 feet (locator photo); obtain core tube cap from LMP PLSS and
cap tube; remove core tube from extension handle; pull follower pin; get core lube toel and seat core
follower against core; stow core in collection bag; stow core tube tool and hammer: pick up gnomon;
proceed (o next sample; LMP - remove core wbe from CDR's sample bag, assemble core tubefexten-
ston handle, report number; hold cors wbe upright on surface and press into surface by hand; drive
tube into surface, comment on difficulty; remove core from surface: assist CDR, pet extension handle
trom CDR and install scoop; proceed 1o next sample. Douoble core tube procedures were similar
cxcept thal the cap of the lower tube must be removed to mate the lower tube 10 the upper tube. The
caps were replaced when the rubes were disassembled and the follower on cach tube was seated with
tecl. The double core was rammed as a unit before the ubes were disassembled.

Drilling—A-15 was the first mission with the ALSD. Drilling the second hole for the heat flow probe
on A-135 proved difficult. Because of the high torque levels on the chuck-stem interface, the drifl
chuck bound to the stems; in ooc case it was necessary 1o destroy the stem itself to remove it from the
chuck. The drill sterm was hard 1o remove from the hole. II was Icft in while the other 1asks wers
completed. At the end of the second EVA it 100k both astronauts working at the limil of their com-
bined strengths to pull up the drill stemn. It was physically exhausting. Redesign for the last two
[lights was sccomplished. The “treadle™ was developed for removal of drill stems on the last two
flights. Also, the core stems were redesigned to allow clearing the dense =0il from the hole, The
A-16 crew had little difficulty in drilling or extracting the decp core. Very little soil was lost during




capping of the core stems. A typical timeline from A-15 shows ~26 minutes for drilling the deep |
core, taking photos, removing. separating, and capping the core segments.

Navigating/recognizing landmarks—On foor, navigation appears to have been the most difficolr
problem encountered during lunar surface activities {A-14 Mission Repon). Unexpected terrain
features, as compared to relief maps, were the source of navigational preblems, The ridges and
valleys had an average change in elevation of ~3 to 5 m. The landmarks that were clearly apparent
m the maps were not at all apparent on the surface. Even when the crewmen climbed 1o a ridge, the
landmark often was not clearly in sight.

Later crews used the LRV, which had excellent navigation. A tofal of 5 hours was spent at
traverse station stops on A-15, and the astronavts transmitied excellent descriptions of the lupar
surface while in transit between stations. Also, much useful information was ohtained from the TV
camerd on the LRV at 8 of the |2 stations.

Were there any hazards In the experiment, ic. hazardous materials (explosive, radicactive,
loxic), sharp objects, high voltages, massive/bulky ohjects, tripping hazards, temperntures?— The
) 2ct of obtaming a sample without a toal can be very awkward, but felling in lunar gravity ia so slow as
. to give plenty of time to act. Glove protectors were womn when working with the drll cores,

Was lighting a problem?-— Generally nat. Driving down-sun was difficull ar first, but the crew

ardapted. The human eye could see into the shadowed areas very well, Operation in Earthshioe seems

very reasomable. [Hstance perception was difficult because the airless baody did not provide the visual .
cue of haze

Woere the resolts visible to the crew?—NA

Would you recommend any decign changes?  More time for mvestigation. Crew and Pls alike
recommend that field geology be given less of a time line and maore freedom 1o explore and think
while investigating. Whether they would settle for fewer samples in trade i5 an open queston,

Were any special tools required?—See Lunar Geology - Tools. See also Miscellaneous Tools and
Equipment and Lunar Rover Vehicle - General Informatjon.

Was the orieniation of the experiment (e, horizontal/vertical) important? Difficult?-——"The
absence of any natural vertical features, coupled with the poor definiton of the horizon and ti.e weak
gravity...causes difficulty in identification of levet arcas”...(This) “is further complicated by the fact
that when...wearing a spaceauit, the center of mass...js higher and fanher back than normal..” (A-11)

Were there related exper!nents on other flights? Apollo? Other?™—NA
Where was i stored during fMight?—NA

X Were there any problems photographing the experiment?—A protecol of documenting samples
while on traverses was developed that evenmally worked quilc well. When pressed for time, however,
* this was sometinmes skipped.
' What pre-launch and cruise requirements were there? Pawer, thermal, late access, early
recovery?—None reported.

What was different between training and sctual EVA?—See other comunents above,
Trainers and PIs - Dave McKay/SN (early effort & general raining for A-11 &12)
Ted Foss (A-11 & 12, retired in zarly 705)
Gary Lofgren/SN4 (some on A-12, mostly 12 & 15)
Bill Phirmey/SN4 (branch chief for last 3)
Fred Horz/SN4 (A-16)
Don Morrison/SN4 (A-17)
Mike McEwen (A-14, now retired)
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CGordon A. Swann {PI for A-14 & 15, Center of
Astrogeology, USGS, Flagwaff, retired)

William R. Muchlberger (PI for A-16 & 17, Univ. of TX)

Tehin Dietrich (A-13, 14, now retired)

E. M. Shoemaker {PI for A-12 - Calif. Inst. of Tech.)

Jeff Watner (now ar Chevron Research, La Haba, CA)

Leon Silver (Cal. Tech. - general Apoilo program advisor
and Ph.D. advisor for Mike Duke & Jack Schmiit)

Uel Clanton - retired

Jack Sevier (now st Lunay snd Plangtary Institute)

Elbert King - carly general tmining 1963-69. Professor of
Geology a1 the University of Houston/Downtown

Ray G. Zedekar, Lunar Surface Operations Office, now retired

problem as “like squeezing a tenmis ball repetitively. Within a half hour or so, the forearm muscles
were sufficiently fatigued to ache and you reached a much lower level of productivity vsing your
hands than when you started. Eventually, by pacing yourself, you reached a constant level of fore-
M pain such that you could tolerate it and still do the job and not drop things and still apply suffi-
cient grip to work, and thar then went on for the rest of the EVA.”

There was also physical trauma that resulted from repeatec rezching with the gloves. According
to Schmitt, “as you reached in the suit and just zot a linle bit of scraping from the rubber bladder, it
grabbed at your fingernail and, eventually, lifted the nail right off the quick. It was a problem we
knew about before the mistion, becaise others had expenienced it Knowing that, [ wore some nylon
biners. I s1ll bad the problem, but not as rapidly as Gene Cemnan, who didn't wear any liners. Ulti-
mately, all my naifs were lified off the quick., And that was Just continwous, traumatic soreness which
faded imto the background and you didn't worry about it. | don’t recall having rough or damaged
fingertips, put i think Gene and a I of te other guys did.”

h;mmumﬂmmwmummmwmr No
comments by crew.

Referenees:

“Moon Trip - A Persomal Account of the Apollo Program and its Science,” Bert King, Univemsity of
Houston, Houston, TX, 1989. Good general reference on training,

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM A-58131, August 1974, in
J5C History Office

Enc M. Jomes, Working om the Moon: in: Proceedings of Space 90, ASCE, pp 1423 - 1432, 1990

Apollo 17 Final Lunar Surface Procedures, Vol. 1: Nominal Plans, MSC, 11/6/72

Apolle Program Summary Report, JSC-004723, April 1975

Personal communication with J. Young, 1 Apri] 1993

Apollo 14 Technical Crew Debriefing, 17 Few. .ary 1971, in the JSC History Office

Don E. Wilhelms, “To a Rocky Moon, A Geolegist’s History of Lunar Exploration,” University of
Arizoma Press, Tucson, 1993
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The personai files of Shoemaker and Masursky re lunar traverse Planning and training are a( the
National Archives branch ar Laguna Miguel, CA. Personal comnmunication from Dr, Joseph N.
Tatarewicz to Thomas Sullivan.

A great deal more information i available conceming geology training in the IS¢ History Office
from the personal files of R Parker.

Figure 16: Apolio 12 astronaur

with the longs used 10 grab small rocks without bending over
(A5-12-48-7148). See alsp figure 11 for the 5C0Op,
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Experiment Operations During Apollo EVAs

Acrenym: Several for individual wols Experiment: Lunar Gealogy - Tools
Also see - Lunar Geology - Genera!
and Soil Mechanics

Pl/Engincer: See Lunar Geology - Other Contacts: Solar System Exploration Div.
General Information

Apolio Flight No.; 11, 12, 14, 15, 16, 17 Discipline: Lunar geosciences
Weight: See reference catalog & below Dimensions: See reference catalog
Manufacturer: JSC, unless noted Apollo Experiment No.: 5§ 059 and S 200

Description/FPurpose—The 1ools used in geological fixld work are well documented jn various pho-
tos, reports, and the reference catalog below.

Unloading from the LM-—No problems reported removing tools from bays within LM.

Transporting by foot or MET—A hand tool carrier was used to carry the tools on A-12. It was also
carried, with its wols, on the MET for A-14.

Loadiag/unloading tocis/experiments on LRY—The tools could fit in a rack on the back of the
LRV. Sze refertnce catalog.

Site selection—NA
Deploying experiment MNaA
Checkout of experiment —NA,

Operation of experbment—Operation of the tools was, for the most part, nominal, The hammer
became very hard to grip against the pressurized glove, however. A larger diameter handle would
have alleviated the problem. The other tools did not seen 10 present this problem since they were not
used as frequently nor for 23 long a time.

Repairs io experiment—A vise on the A-15 LRV, which was to be used to separate drill core stems
Segments, wis designed incorrectly on Earth, Its jaws, stmilar 10 a pipe wrench, could only be used to
tighten the corea, not Ioosen them, The Earth trainer had been insialled backwards and s0 worked
properly, but the flight tool was installed as per the dmwings, and cost Scont and Irwin both rime and
aggravation,

Recoverytakedown of experiment— NA

Stowing experiment for return—Tools were left at the landing site. Twe ALSRCs per flight were
used 1o return the sample bags. These were to maintain the samples in Junar vacyum for their return,
but 4 of the 12 had a substantia) Jeak. On A-15, it was very hard 10 close at least one of these con-
tniners because a bag was caught in the rear hinge, This cansed problems in stowing the SRC in the
LM, the pins would not engage, and they finally taped it in place for ascent. Extra sample bags were
exposed to the cabin and Earth's atmosphere.

Loading/unlonding samples on LRY-—Sample collection bags could be attached to the tool carmier
rack at the back of the LRY.

Loading of experiment/samples Into the LM—See Geology - General Information.
Stowing of package once in the LM—NA. The tools were left on the Moon,
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Sampling operations (soil, rocks)j—The scoop was used 1o sample soil. Tongs were available to grab
larger rock samples. Very large boulders were sampled nsing the chise) end of the hammer to break
off a picce.

Trenching—The long handle scoop was used for digging oenches.
Raking—The rake was developed as a way to obiain many rock samples of » 1 cm easily.

Drilling—The ALSD, manufactured by Martin Marietna, was considered by some az pant of the
ALSEF package, although it was also used to obtain decp core samples. [t had a rotary-percusaive
gction. It was 13.4 kg, total, and 57.7 x 24.4 x 17.8 cm, not mcluding the drill string and caps. It
took 5 1o 15 minutes to drill a hole, depending on the material. The core stems ¢ame in sections.

and attached. Then the drill was attached to this new section and the drilling continued until the third
and fourth pairs had 10 be attached in like fashion. Drilling the second hole for the heat flow probe
on A-15 proved difficulz. Because of the high torque levels on the chuck-stem imerface, the drill
chuck bound to the stems; in one case it was necessary to destroy the stem itself 1o remove it from the
chuck. For the A-15 deep core, the drill ster was hard to remove from the hole, It was left in while
the other tasks were completed. At the end of the second EVA it took both astrenauts working at the
limit of their combined sirengths 1o pull up the drill stem. Tt was physically exhausting, Its removal
look an extra 15 minuies of EVA time and caused a severe shoulder sprain m Scott. This is why the
jack was developed for remaval of drill stems on the last two flights. Alse, the core stems were
redesigned to allow clearing the dense soil from the hole by operation at constant depth to bring soil
to the surface. The A-16 crew had litle difficalty in drilling or extracting the deep core. Very lintle
soil was lost during capping of the core stems.

A rack was supplied which held the bore stems for the HEE off the grovnd and made them easy
for a suited crewman to reack. The core stems for the decp core were siored on the hand tool camier
on the back of the LRV,

Was lighting a problem?—Generally not. Some samples were 10 be taken From permanently shad-
owed areas, however.

Were the results visible to the crew?—Yes, |

Would you recominend any design changes?—Changes were made as the missions progressed and
experience developed, Extension handles got longer. The LRY sampler was developed for A-17 10 h
Eet samples from areas between stations,

Were any special tools required?—The ALHTs were considered by some as part of the ALSEP
package, but they were mostly vsed in the geological field work. The materials from which the tools
were made were Limited to special choices so as not to contaminate the samples. These included
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Teflon, stainless sieel, and aluminum. See the reference catalog. Total weights of geological tools
per mission were as follows: A-11, 22.5 ki A-12, 29.2 kg: A-14, 34.1 kp: A-i5, 50.3 kg; A-16, 53.0
kg; A-17, 45.7 kg.

Was the orientation of the experiment (Le. horizontal/vertical) important? Difflcult? —NA
Was the experiment successful?—See Geology - General Information.

Were there related experiments on other fights? Apollo? OtherT—Samples of the Moon were
also obtained by thrce robotic Lunakhod flights,

Where was it stored during fight?—On some flights, the 1ools were packed with the ALSEP.

Were there any problems photographing the experiment? A protoce] of phowdocumentation was
developed 1o document samples. Tools were ofien used for scale.

What pre-launch and cruise requircments were there? Power, thermal, bate access, eard ¥
recovery?—RNone.

What was different between training and actngl EVAT —Scon (A-15) commented that jt s=emed
more difficult 1o screw the sections of the drill stems together during EVA than it was in tratning.
Charles Duke (A-16) and Ceman (A-17) concurred, 2nd sugpested a amall work bench would have
helped.

What problems were due to the suit rather than the experiment?—No comments by crew.
Any experiences inside the LM of Interest from the experiment/operations viewpoint?—No.

Relerences:

Catalog of Apoilo Lunar Surface Geological Sampling Teols and Containers, 15C-23454

Apolle Lunar Surface Experiments Package - Apollo 17 ALSEP {Astay E) Familiarization Course -
handout fer class of 1 September 1972, in JSC History Office

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in
JSC History Office

Eric M. Jones, Warking on the Moon: in: Procecdings of Space "9, ASCE, p 1423 - 1432, 1990

: Apollo Program Summary Report, JSC-09423, section 3.2.7, Geclegy and Soil Mechanics
. ihnxmmm-%&m‘t‘- Aml«lwmﬂ—- S - :

Apollo 15 Technical Crew Debriefing, 14 August 1971, in ISC History Office




- Figure 17: The rake was developed to obtain a greater number of small H E
o rock samples than could be obtained using the tongs {AS-17-134-20425), :
T Note the sampie bags attached 10 the PLSS of the crewman, Since he
: could rot reach hix cwn ic bage, each crewman had to place samples
& in the other person's mn;.l::n&gs Sec also figure 37 for the raks and i
: 3co0p mounied on the pallet &1 the rear of the LRV,

Figure 18: This view from Apolle 12 shows the hand too] carrier and a .
- core tube, atiached 10 the extension handle, being emplaced into the soil :

(AS-12-49-7243). Numbered sample bags are held in the hand tool |

carier. Additional core tubes are visible in the carser, Sez also figure 30

for a view of the gnomon which provided a reference o veniical, scale,

Sun prientation, slope, 2nd gray scale.




Experiment Operations During Apollo EVAs

Acronym: LNPE (NFE) Experiment; Lunar Neutron Probe
Experiment (a.k.a. Newtron Flux
Experiment

Pl/Engincer: D. 8. BumettACalifornia Other Contacts: Dorothy 5. Weolom, C, A,

Institute of Technology Bauman/Cal. Tech.
Apolle Flight No.: 17 Diseipline: Lunar dust, radiation, atteniuation by
regolith
Weight: 227 kg, 1o1al; only 1.86 kg probe  Dimensions: 235 m long, deployed;
and 0.4 kg container returned 1.23 m long, stowed: 2 cm dia, nofm..,

4.5 ¢m dia. at top
Manufacturer: Calif. Inst. of Tech. Apallo Experiment No.: § 229

Dmripﬂnnf?urpm:-—Timc-int:gmnd fluxes of thermal neutrons as 2 function of depth in the rego-
lith were measured using targets of boron-10 and uranium-235 placed at intervais along a2 2-m rod
that was inserted into the hole left by the deep drill core.  Cellulose triacetate plastic detectors were
used in conjunction with the B-10 targets, and mica detectors were used in conunction with the
U-235 targets. Some information on the energy distribution of the equilibrium flux was also ob-

Unloading from the LM--Nominal, from LM MESA. It was stored inside its thermal bag,

Transporting by foot or MET—NA

Loading/unloading tools/esperiments on LRY—At begirming of EVA 1. To prevent ovetheating,
ﬂmtwnminmnftthHPEwmkcpinathmm]bagdmingﬂmE‘H. before actual deptoyment.

Deploying experiment—Deployed during EVA 1 o8 A-17. The probe was inserted into the hole lef
behind lftﬁruhtli]ﬁﬂgthn@&pdﬂﬂtnr:,mdmcn?ﬁmdmﬂmv:rymdufE?ﬁu 3, afier 49 hours of
exposure. Afier deployment of ALSEF and recovery of the deep core, the two LNPE sections were
removed from the thermal bags, activated, coupled, and emplaced in the hole. Nominal insertion by
hand was made after first passing the probe through mthulninmcmdlcusndfmrcmvcmlgthe
deep core becayse, in retrieving the core, the top of the hoie had been widened: thus, the possibility
existed that the: probe would drop too far into the hole to be retricved. Backup procedures for em-
Placing the probe by hammering or with the ALSD existed. To prevent overheating, the top of the
probe protmuding above the surface was covered with the thermal bag during exposure.

Before insertion into the hole, the probe was activated by twisting the unit, thus aligning the

Each segment of the probe could be activated separalely. The upper section was activated by
depressing a bar on the large handle at the upper end and rotating 180°. The lower sectiog was
activated by removing the dust cap at its upper end and using it as a tocl 1o rotate the central rod,
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which was spring-loaded to snap into one of two configurations 180° apart. The two sactions could
then be coupled for deployment by simply screwing them together.

Thia activation/deactivation scquence was necessary 1o prevent the accumulation of
events from neutrons produced by cosmic ray interactions in the spacecraft and by the plutonium-
238 power source for the ALSEP package.

Checkout of experiment—Correct activation was verified after retum to Earh by inspection of alpha
particle tracks from the U-238 sources.

Operation of experiment—Activated, mserted, retrieved. and deactivated probe without difficulty.
Otherwise passive, It had a total activated exposure period of 49 hours.

Repairs to experiment—NA

Recovery/takedown of experiment—Recovered probe on EVA 3. The core jacking mechanism
(treadle) was used 1o mmove it from the hote, The two probe segments were separated by UnsCTEWing
for storage and then deactivated by twisting within a minute or two after withdrawal from the hole.
The experiment was placed in the shade of the LM within ~3 minutes,

Stowing experiment for retern—The probe was placed in a retumn container on tep of & core stem
refum container in storage area AS of the LM.

Loading/unioading samples on LRY—NA

Loading of experiment/samples into the LM—No comments by crew.
Stowing of package once in the LM—No comments by crew:
Sampling operations (soil, rocks)}—NA

Trenching—NA

Raking—NA

Drilling—Drilling the hole for the deep core presented some problems during the extraction, bet all
sections of the core were obtained, and the hele did not collapse, therefore allowing the insertion of
the probe. "I'lx-tmad]:wuInftinplu:cmsuppmtﬂmpmh:mdmtnﬂuwitmfaﬂmufuinmmc
hole. ‘iﬁ"il‘.hnutﬂﬁshudl:kalhehuﬂm.thehul:wmddh:wbﬂmmhudtufmdlgﬂn
aﬁerwalkingawqrtugﬂthembcdmmﬂmshﬂuwafmmrmdumhmnpsmm;mund.

Was lighting & problem?—No.
Were the results visible to the crew?—No.,
Would you recommend wny deslgn changes?— None made by crew,

Were any special tools required?—ALSD required to provide hole. The dust cap of the lower scg-
ment served as a tool for its activation.

Was the orientation of the experiment (Le. borizontal/vertical) Important? Difflcult?—Needed to be
subsurface. Hole should be vertical so that depth of regolith is known,

'Was the experiment successful?—Yes,
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Were there related experiments on other Nights? ApolloT Othet?—Thermal nevtrons were to be
measured as part of the cosmis myfregolith interaction on the CRD (5 152) on A-16. Analysis of the
reiumed lunar samples from all the flights used thermal neutron capture 1o explain certain isetopic

Ghab e 1o S e TR T

abundances.
Where was it stored during Night?—LM MESA in Quad IV. :
i~ Were there any problews photographiog the experiment?—No. 5 .
" What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?—Did not want the probes to get above 333 K, .
What was different between training and actual EVA?—No comments by crew. {
What problems were due to the suit rather than the experiment?—No comments by crew. . s
Any experiences inside the LM of Interest from the experiment/operations viewpoint?— Mo "B
comments by crew. | K
R
References: | i :
A-17 Preliminary Science Report | ‘K.
Apello Scientific Experiments Data Hanavook, JSC-09166, NASA TM X-58131, Auvgust 1974, in ]
ISC History Cfice ;
Apoilo Program Summary Report, section 3.2.18, Lunar Neutroz Probe Experiment, JSC-09423, EF
April 1975 ) 5
Apelle 17 Final Lunar Surface Procedures, Vol 1: Nominal Plans, MSC, 11/6/72 '
Apollo Stowage List - Apollo 17, MSC, 12 December 1972 N ;
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Figure i9. The assembled flight unit of the lunar neviron probe

upper section, with the probe handle at the top, is on the n,gin.m ‘I'lmmﬂ

lower section with its rexniovable dust cap is on the left. Coupling of the

Two secuons was accomplished by screwing the lower and upper units

tlnfnct}m- after removing the dust cap, Each section was approximately -
ong. ’

-
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Experiment Operations During Apoilo EVAs

Acronym: LRY Experiment: Lunar Rover Vehicle
PlfEngineer: NA Orther Contacts:
Apaolio Flight No.: 15, 16, 17 Discipline: Rovers

Weight: 200 kg: Could carry 490 kg of payload, Dimensions: 3.1 m long, 1.83 m wide,

including 2 astronauts, PLSSs, teols, equip- 1.14 w1 high, 2.3 m wheelbase
ment, & 27 kg of lunar samples cach trip

Manufacturer: Boeing Apollo Experiment No.: NA

I7 km/, althongh a top specd of 22 km/h was obtained on A-16. If either banery failed the other
could carry the entire foad.  Four Scparate mowors, ame ai each wheel, diove the vehicle, but any whee)
couid be cut out 10 “free-wheel™ if ity drive mechanism developed problems. Al the driving func-
lions were controlled by a T-handls mounted between the seats. The vehicle had four-wheel, double
Ackerman sicering. It could climb over obstacles 30 cm high, climb and descend alopes of 25 de-

wheels locked in the straight ahead position they did a “180™ tum when they mied to maneyver, Op
the secomd and thint EVA_ the fromt steering became operable. This rover covered 7.9 km by iis

F. cOrrespomding to 2 map distance of ~25.3 km. Its average speed was 9.5 km/hr, and
speeds up to 12 kmyhr were attained pver level ermin. The A-16 LRV covered 27 km. The A-17
LRV covered ~35 km. The longest wraverse was on A-17, where it covered 195 km during EVA 2,

Transporting by foot or MET—NA

Loading/unloading tools/experiments op LRV —4A loading and unloading time was aliotad for
Putting tools and equipment on the LRV, Checklists exisied for thess procedures.

Site selection—An operatipnal canstraint on the use of the LRY was thar the astronants must be able
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Deploying experiment—See abave,

Checkout of experiment-—The CDR took the LRV for a test spin around the LM to the vicinity of the
MESA after deployment. The 100ls and other equipment needed on the EVA were Ioaded from the
MESA and Quad [II onto the LRV,

Operation of experiment—On A-135, the seat belts were difficult to fasten. Pre-launch adjustments did
not properly account for the reduced gravity in combination with the pressurized suits, and the belts
were too short. This was corrected for A-16 & 17 by measuring the settings on the KC-135. Detailed
procedures for offloading, setup, power-up, navigation alignment, stopping at traverse sites, navigation
updates, malfunctions, and closeouts are provided in the Final Surface Procedures documents.

Repairs to experiment-—The rear fender extension on the A-16 LRV was lost during EVA 2 at sta-
uen 8 when Young bumped into it while going to assist Duke. The dust thrown up from the wheel
covered the crew, the console, and the communications couipment. High banery iwemperatures and
resulting high power consumption ensued, No repair attempt was mentioned. The fender extension
on the A-17 LRV broke when accidentally bumped by the CDR with a hammer handle. The crew
taped the extension back in place, but because of the dusty surfaces, the tape did not adhere and the
extension was lost after abowut | hour of driving, allowing the astronzauts 1o be covered with dust. For
the sectmd EVA, a replacement “fender” was made with some EVA maps. duct 1ape, and & pair of
clamps from inside the LM - nominally used for the moveable overhead light. This repair was later
undone so that the clamps could be brought back nside for launch. The maps were brought back
and are now on display at the Natwonal Air and Space Museum. The abrasion from the dust is evident
on 5o portions of the makeshift fender.

Recovery/takedown of experimeni—NA

Stowing experiment for return—NA

Loading/unloadlng samples on LRY-—Sample containers and tools were attached 21 the roar of the
LRV,

T T oy A g e

Loading of experiment/samples into the LM-—NA |

Stowing of packape once In the LM—NA | d
Sampling operations (soll, rocks)—Som.2 of the 100is and SCBs (see Lunar Gealogy - Tools) Y 3
attached to a tool carrier which anached to the back of the LRV 1o aid in sampling. Also, on A-17 "k
only, there was 2 new sampling device (LRV sqil sampler, sce Geology - Tools) that allowed for the v
coilection of samplex while scated in the LRV, Thus, A-17 is the oaly LRV-aided mission with _'
Trenching—NA

Raking—The rake was carried in the rear-mounted ool CATTIET.

D'l'i“il:—”ﬁ. '

Navigating/recognizing landmarks - The requircments for the rover were that it display vebicle
heading, I:-r.aringlm the tast point of initialization (usnally the L!ln-l"j_i speed {kmyh), to1al distance tav-

speed. Thcnavigaﬁmayﬂcmmvassaidmbcacmm:mwithin 100 m
of range. At 1the end of EVA I on A-L5 w}mmccr:wrmmﬂdmﬂt:m:hqmlnut:diuburing
at 15, but the navigation system zaid it was at 34°, indicating some drift, but the FANZC ACCUTAcy Imay
still have been correct. 3

On A-15, dust was kicked up on accelerarion of the LEV and when crossing the nms of soft g 3
CTaters. thl]l:nt'medus:imparmdnnIhclR‘H’iuzlfurmth:mw,mditdidnntcmu:nnypmb— :




lems with visibility or operation of the vehicle, although frequent cleaning of the lunar communica-
tions relay unit (LCRU) was required 1o prevent overheating of the TV circoits. Mo dust acezmyla-
tinn was noted in the wire wheels, but a thin layer of dost eventually covered mast of the vehicle.

Minar operational problems were caused by thin layers of dust on the camera lenses and dials,
gnomon color chart, navigation maps, and LCRU mircor. The dust was easily brushed off, but the
dust was so prevalent that, during part of the mission the crew reporied thal, 1o set the lens, dost had 10
be wiped from the camera semtings every time they took a picture.

The A-16 crew commented that the map holder on the LRY was worthless and got in the way.
Instead, they wedged a map in between the camera and 2 staff. The maps did not reflect the topogra-
phy very well. They also lost their navigation unit duting the retumn of the second EVA due to inad-
veriently hitting & protected switch. They got it back for the third EVA.

One experiment, the surface electrical properties (SEP) experiment, recorded navigational infer-
mation from the LRV onto a tape recorder for analysis of ils data. The navigation unit of the LRY
was also used 1o orient the transmitting antennas of the SEP on A-17 and to align the geophones of
the ASE on A-16 by leaving tracks along the proper direction,

On A-17, the crew got 7370 meters away from the LM on EVA 2, the farthest of any crew. The
CDR commented that, becavse of the inability to travel on a straight line for very leng periods of
lime, he primarily did not navigale on a heading. Raiher, he navigated 1o points defined by bearing
and range, those points being the planned jogs in the maverse, or for samples, or LSPE charge
deploys, or statioms. [t worked well, and was why they never followed their tracks back 1o anywhere.

Because of the low pressure exented by the wheels oo the seil, the average depth of the tracks was
only ~11/4 em, varying from near O to 5. On one occasion, because of ils light weight, the LRV had a
lendency 10 slide sideways down a rather steep slope as soon as the A-15 crew stepped off the vehicle.
Maneuvering the vehicle on slopes did ot present any serious problems. It was reporied Lthat the
vehicle could be controlled more easily upslope than downslope; and, when the vehicle was traversing
along slope contours, the wheels an the downslope side ended 1o displace to seil laterally and 10 sink
more than the wheels on the upslope side. On A-17, the bouncing from craters 2t tmes caused a
feeling of nearly overturning while traveiing cross-stope, and the crew did reduce their speed some-
what as a resnilt.

On A-16, the crew climbed slopes of up to 18 in the LRV and thought that it was approaching its
limit of slope-climbing ability. Tests on Earth predicied a maximum of 19° 1o 23, In general, they
had oo serious operationel problems on stopes.

Were there any hazards in the experiment, i.c., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massivebulky objects, tripping hazards, temperatures?—Dust
kicked up by the wheels covered the astronauts, especially when the fender broke off, Both crewmen
on A-17 commented that the restraint system on the LRV was inadequate, especially on slopes.

Was lighting a problem?-—Driving down-sun or into the Sen was difficolt due o visibility problems.
The A-16 crew could go no faster than 4 or 5 kph and still ran right over some craters because they
could not see them until they were on top of them. Boulders conld be seen and avaided.

Were the resoits visible to the crew?—NA

Would you recommend any design changes?—The seat belt design was changed for the later flights
te account for the lower g, The restraint system design could be immproved further, especially for
driving on slopes. The A-15 crew recommended a bar, such as in a kiddie ride, which would lock in
place to restrain the crew, or push ou! of the way easily. This had been considered but not accepted
duc te the weight penalty vs. seat belts. The time advantage vs. working the seat belts might be worth
it, however. For A-17, fender extension stops were added based on the loss of the fepder cxiension
on A-16. The sighting device on the antenna could be improved by epening up the light passage
throngh it 1o improve the visibility of Earth.

Were any special tools required?—No




Was the orientation of ihe experiment (i.e. horizontal/vertical) important? Difflcult? —Driving on
slopes left the down-slope crew member fecling precasious. The LCRU, & high-gain antenna mount-
ect on the LRV, had 1o be oriented at each station for t=levision mansmisyien to Earth. TV was cut off
while moving, but veice communication was maintained over the low-gain antenna. The low-gain
antetina for A-17 had 1o be aimed at Earth due 1o the location of this landing site. This was done by
“dialing in" a reciprocal heading for antenna aiming from that being driven. The other sighis were
more sub-Earth and could use a vertically pointing anterma.  Orientation of the nigh-gain antenna

s was accemplished with an optical sighting device, but this presented a very dim image of Earth which
- was hampered by the helmet visor. The use of signal strength, as indicated on the AGC control meter,
. wias an acceptable backup alignment techninue,
Was the experhiment successful?—The LRV worked very well and eatended the operable ranpe of the
crew on EVAL

Were there related experiments on other flights? Apolle? Other?—NA

Where was It stored during flight?—1.M quadram 1.

3 Were there any problems photographing the expertment?—The television camern on the LRY was

. operable from Earh, allowing the ground (o observe a “station” in pancrama while the astronaots
were doing field work. The camera which was to film the “grand orix” on EVA 2 of A-15 did not
operate because the film magasine was faplty.

; What pre-launch and crujse requirements were there? Power, thermnl, late acresy, early
recovery?—None feported.

What was different between training and sctuat EVA?— The Earth tramer had robber tires and eounld

suppert its own weight in | g. The flight article would have collapsed in 1 g if the crew sar on it ;

+ Since the handling characteristics of the LRV could not be fully tested on Farth, & “grand prix™ test !

. was performed by the CDR on A-15 & 16. The trsiner provided adequate simulation, the major :

: difference was having 10 pay constant atiention 1o the lunar terrain in order to have adequate waming :
of obsigcles, especially in adverse lighting situations. Araking required -2 x the 1 g distance. Steering

Was not as responsive between 8 - 10 kph with hard-over inputs. |

hE

* What problems were due to the suit rather than the txperiment?—The suit used for the last three
flights was able to bend at the waist, allowing the astronaut to sit on the LRV. This also allowed them
1o knecl, which assisted some experiment deployment and sample collection.

Any experiences ingide the LM of interest from fhe experiment/operations viewpoint?—NA
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Experiment Operations During Apoilo EVAs

Acronym; LSPE Experiment: Lunar Selzmic Proflling Experiment
Pl/Engineer: Robert [ Kovack Other Contacts: Joe] 5, Watkins/UT-Galveston
Stanferd University Pradeep Talwani/Stanford
Apollo Flight No.: |7 Discipline: Lunar seismology
Weight: 251 kg, io1al: Dimensions: Severs] packagex - see mference
7.1 kg geophones, L6 kg explosives
Manufacturer: Bendix Apollo Experiment No.: § 203

Eight explosive charges (containing fram 57 1o 2722 g of high explosive) wers deployed at distances
between 100 m and 3.5 km from an array of fopr idmti-:ql geophenes., These charges were Jater

problems were ENCoUniETed.

Site selection —The gcophone armay was Part of the ALSEP on A-17. Explosive charges were placed
at distant locations while on field geology traverses. Charges deployed within iine-of-site of the

Checkout of experiment—From Earth

Operation of experiment—From JSC via the ALSEP command system. The explosive charges wera
sel off after the crew left, Ahu.lhccruhnfmeasumt stage of the LM was recorded, High and low
scan rates could be selected.

Repairs 1o exXperiment— NA
Recovery/takedown of experiment-—Na
Stowing experiment for return—Na
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Stowlng of package once in the LM-—NA
Sampling operations (soil, rocks)—NA
Trenching—Na

Raking—NA

Drilling—NA

Navlgating/recognizing landmarks- NA

Were there any hazards in the experiment, Le,, hazardous materials {explosive, radioactive,
toxic), sharp objects, bigh voltages, massive/butky objects, tripping hazards, temperatures?—FEx-
plosive charges were used for active sounding. These were deployed by the crew while on traverses,
but not activated until after departure. Al cight were fired. An explosive package was activared by
removing three pull pins. Removai of the first pin activated the SAFE/ARM slide timer, which was
preset at ~90 hovrs {(each one varied slightly). Remuoval of the second pull pin released the SAFE/
ARM slide from its constrained SAFE position. Remeval of the third pin removed a constraint on the
firing pin and activated the thermal battery imer. The LSPE transmitter, which was located op the
ALSEP central station, transmitted a repetitive pulsed carrier signal. A series of three pulses properly
spaced in titne was required to elicit a FIRE signal frem the signal processor within the explosive
package and to detonate the explosives train. The thermal bacery, activated by the timer, had a
runimum life of two minutes, ensuring that at least one firing pulse set was received while the explo-
sive packapge was energized electrically. Ome of the explosions was seen via TV by using the camera
of the LRV after departure of the crew.

There was concern lare in the A-i7 mission planning when someone raised the peasibility thal the
larger charges could conceivably throw debris to altitudes where the command/service madule {CSM)
was stifl gathering orbital data two days later. Although it was a remate possibility, the idea of
“shooting down™ the Last mission after it had successfully landed and returned 1o orbit did not sit
well with NASA Headquarters. Afier a hastily convened group of explosive (Bureau of Mines, NEL,
and others} and crateringfimpact experts met, it was calculated tha the risk was in the range of 10-5 1o
10-6, which was good enough 1o aliow the experiment 1o proceed,

¥as lighting & proiblem?—No,
Were the results visible to the crew?—No,

Wnnﬂ_ﬂummmmmm}m B s s

Were any speclal tools required?-No, although the LRV was used to deploy the charges.

Wan the orientation of the experiment (Le. horizontal/vertical} important? Difflcult?—The
arrengement of the geophones was planned (o gather seismic signals.

Was the experiment successfiel7— Yes .

Were there refated experiments on other flights?—See 5 033, ASE on A-14 and A-16. See also
5 031, PSEP.

Where was it stored during flight?— plosive packages stored in Quad IH in two groups of four,
The rest of the unit was in Quad IV on the MESA

Were there any problems photographing the experiment?—No.

What pre-launch and crulse requirements were there? Power, thermal, late access, early
recovery? —None reported.

What was different between training and actoal EVA?No commenis by crew.
What problems were due to the suit rather than the experiment?—No comments by crow.
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Any experiences Inslde the LM of interest from the experi'nent/operations viewpoinl?—No
comments by crew.

Helerencesa:
A-17 Preliminary Science Report

Apolle 17 Mission Repont
Apolio |7 Final Lunar Surface Procedures, Vol. 1: Nominal Plans, MSC, 11/6/72

Apollo Lunar Surface Experiments Package - Apollo 17 ALSEP (Amay E) Familiarization Course -
handout for class of 1 September 1972, in ISC History Office

Apollo Scientific Experiments Data Handbook, ISC-09166, NASA TM X-58131, August 1974, in
JSC History Office

ﬁpﬂiﬂ P]'m%r%n Summary Report, section 3.2.11, Lunar Seismic Profiling Experiment, ISC-09423,
pril 1

ALSEP Array E'. F!}'iﬁl:al Design Review Presentation Material, NASA/MSC - Bendix Acrospace
Systems Division, NAS9-5829, 14 - 18 June 1971, in ISC Hiswory Office

Perzonal communication, Jack Sevier to Tom Sullivan, 18 May 1993
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Pull ring | - pulls sne pin 1o
start SAFE/ARM slide timer

Pull ring 2 - swing up ring; rotale 90 degrec
counterchockwise; pull pin to clcase SAFES
ARM plate

Full ring 3 - pulls twa piny Lo free Firing

Figure 21: Explosive package used for the LSPE. Figure 37 shows four of the charges
mounied at the rear of the LRY while on a traverse.




* *~ He then grasped-a lift=0ff handle' to tift it off the subpallet aid"catiad It by find -

Experiment Operations During Apollo EVAs

Acronym: LSM Experimem: Lunar Surface Magnetometer
PlEngineer: Palmer Dryal Other Contacts: Charles P. Sonet/
Ames Research Center Lumar & Piametary LabAl of AZ

Apolle Flight No.: 12, 15, 16 Dhscipline: Luner magnetometry
Weight: 8.6 kg Dimensions: 25 x 28 x 63 cm, stowed
Manufacturer: Naval Ordinance Lab & Apollo Experimem No.: S 034

NASA Ames Research Center;

Philco - Ford

Description/Furpose—The purpose of the magnetometer was o measure the magnetic field on the
lunar surface and to determine from these measurements some of the deep-interior electrical Proper-
ties of the Moon. This experiment also belped to elucidate the in 1on between the solar plasma
&nd the lunar surface. The Earth's magnetic field also extands to the Moon's orbit. Thos, as the
M-:rmpamd:hNughﬂm“buwshmk“uﬂththWasdﬂumdbyﬂwLSM.

Unloading from the LM— A3 part of the ALSEP pallet.
Transporting by foot or MET—See ALSEP - General Information.
Loading/unloading tools/experiments on LRV—NA

spect 10 the lunar coordinate system, by the use of level sensor readings of two angles and a shadow-
graph reading taken by an astronaut 1o determine the azimuthal alignment of the magnetometer.
Large metallic bodies nearby woukd compromise the measurements.

Deploying experiment—The experiment was transposted in a folded configuration. Once deployed,
ca:h“mm"wnsdirmtedummghnfuﬁ“nhm:ﬂmhﬂﬁmmﬂ,uchbdngnﬂhugumlmﬂm

other two, The CDR released the unit with the U}H.thmmmvndnﬂdim:rdndaazu_ﬂm brackes,

- B =fiy 1 -

meters. After

m&ﬁmhgﬁ:mﬂmhvuﬁcﬂwﬁﬁmhphdﬂmﬂmmﬁawiﬁﬁamhmﬂ]cum
The L.MP then took the LSM to the deployment site, He discarded a bracket, deployed three suppont
lega.rumndthewﬁ:mﬂm:mhr-cudcdhgwasmi:nm:l:umuﬂ.mdputitnnﬂmm-fm. The
UHT was used to remove and discard foam packing, and to extend the three arma. A lanyard was
used 1o remove a caver. It was checked for any packing materials and pieces and 1o ensure the ther-
mal doors were open. I was azimuthally aligned along the ALSEP-10-Sen line by moving the in-
stument around untit shadowgraph reading, as transmitted over the voice telernetry link, indicated
that it was within 0.5” of the instniment shadowgraph-to-Sun line. It was leveled with the UHT by oh-
serving a bubble level, A typical timeline from A-15 shows ~15 minutes for deploying the experi-
ment. A-16 aliotted 9 minutes. Two orthogonal level sensors indicated that the instrument changed
its orientation by ~2° during the first lunar day during one of the missions. None of the mission
reports mentioned any difficulty in deployment.

Checkont of cxperiment—From Earth.

Operation of experiment-—From JSC via the ALSEP command system,
Repairs to experiment—None required.

Recovery/takedown of experiment-—NA
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Stowing experiment for return—NA
Loading/unloading samples on LRV NA
Loading of experiment/sasples into the LM—NA
Stowing of package once in the LM—NA
Sampling operations (soil, rocks) —NA
Trenching—NA |

Raking—NA

Drilling—NA

Navigatiog/recopnizing landmarks—Na

Were there any hazards In the experiment, Le. hazardous materials {exploslye, radicactive,
toxic), sharp ohjects, high voltages, massiverbulky objects, tripping hazards, temperatures?—No,

Was lighting a problem?—No.
Were the results visible to the crew?—Only the levei and shadowgrapls.

Would you recommend any design changes? The measuremens ranges were halved from the A-12
instrument values for the later instrumenms. A curtain was also added over the electronics box o
imprirve thermal control (see figure 22).

Were any special tools required?—{IHT.

Was the orfentatiom of the experiment (Le. bortrontalivertical) important? Difficuli?—The astro-
nuu:ﬁgmdilmnilhinﬂﬂ‘nhh:mmwmdmuldrudnmmphm within 1°. He also lav-
tled it to within 3* using & bubble level. It was not diffieylt,

Wu-ﬂh:rer&ltednpﬂimmtlnnmhﬂ-mghh? Apolla? Other?—Lunar 2 & i0 and Explorer 35
uudemﬁnlmwmnftb:hhun‘smmwﬁ:ﬂcld. There was also a portable magnetometer
(5 lﬂ'ﬂ}mﬁd#&lﬁmdlmlgnﬂnmﬂumthchdﬁuklﬁmhsmujmtﬁ 174) that was Launched

- - -
ALk rl 11 1.. LR L LT = el ITkh i p g g ¥

Whutwuﬂﬂumdduh;m;ht?—lnmESEBuﬁheLMupanufﬂwALSEPpmhga.
Were there any problems photographing the experiment?—No.

Whllrndiﬂﬂﬂtbﬂﬁh‘llﬂhlgﬂdﬂhulﬂh?—ﬂnmﬂmmbymw.
Whupmbhm:mdutnm:uﬂrﬂhuthnnlh:ﬂmﬂmﬂ—ﬂummwmu by crew.




Eelerences;

Instrument description and theory in A-12 Preliminary Science Report

Mission Reports for A-12, 14, 15, 16, 17

Apolle Seientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, Augusi 1974, in |
F3C History Office |

Final Apolle 12 Lunar Surface Operations Plans, FSC, October 23, 1969 :

| Apollo Program Summary Report, section 3.2.12, Lunar Surface Magneometer Expeniment, JS(C- ' i
F. 09423, April 1975

ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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Experiment Operations During Apollo EVAs

Acronym: LPM Experimenz: Lunar Portable Magnctometer
Fl/Engineer; Palmer Dyal/Ames (Other Contacts:
Research Center
Apollo Flight No.: 14, 16 Dhscipline: Lunar magneometry
Weight: 4.6 kg (A-16) Dimensions: 56 x 15 x 14 cm, stowed.

The sensor block stood 75 cm above
the lunar surface when deployed.

Manufacturer: NASA - Ames Apollo Experiment No.: § 198

Description/Purpose—The instrument 5tood on a tripod and had a bubble level (with 17 annuolar
rings} and shadowgraph (with 3° markings) attached to the sensor Block. Tt contained three orthogo-
nal flux-gate sensors. A separaic electronics/battery box was connected by 8 15-m-long cable and

L0 perturh the measurement. ¥t was ysed to measure the steady magnetic field at different locations ar
the A-14 and A-16 sites. The discovery of the unexpectedly high field at the A-12 gjte resulted in the
concepl of the LPM for A-14.

Unioading from the LM—Had beex stored m the LM SEB. It took both <réwman 1o unload it on
A-14_ -

‘Transporting by foot or MET—On A-~14, it was camied in special slowage arcas on the MET for each
of the spbassemblies (tripod with sensor, electronies box). It needed to be a rmunimum of 100 m from

th::LMtuEliminueitunnaﬂiﬁciﬂﬂ:ldmmcc. Ita]sunmd&dtuhcnminhnumnfllmfmmthc
MEI‘mﬁ—HurLRVmﬁ-lﬁ.

Loading/unioading tookt/experiments on LRV—0On A. 16, it was carried on the LRV

Site selection—Used at two sites on A-14 and four sites on the A-16 traverses. {Along with the LSM
at A-186, five measurements were thos made at his landmg area.)

whmﬁmluadcdmmuwﬂmtuwmupmdﬂahﬂiu. Twnntasummuwmnud:du:ingﬂu

raverse ot A-14. The readings were relayed to Mission Control. Th:yhndu'quh]:whmancmgun_f ing
i sk harsdbewaie cable

such that-if the

’ e e, L, .

wuuldunwindﬂnﬂ:'ﬁrfmwm Th:yWi:tinmuughtukn-cpituffﬂwgmundmd
with the traverse, LalnrinﬂutE?Ath:yd:phyndﬂw again, Aftersuntdiﬂ'mult]rinlmling
the instrumeat, they relayed the reading on the voice link. The LPM was discarded at the completion

On A-16, the deploymeny and operation of the LPM was narmal in all respects and leveling, ori-

g to this crew.

Checkout of experiment-—No set procedure for checkout, but a zero offset measurement was made——
see below.

PME-ﬂ___JﬂTEmrUﬁ:ALL? BLANK o3

FhRbBGEDINS A BLAHK KUY FRiveD
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stabilization before reporting the resdings, At the first site only, two sets of additional readings were
taken with the sensor block rotated first 180° abous 2 horizontal axis, then 180° sbout 2 vertics] axis,
These allowed determination of & zero offset for each axis. Also on A-16, the magnetic field of a
rock was measured in sing by placing the rock o the instrument. This same rock (sample 331) wis
refurned to Earth as a sample for laboratory measurements. Also on A-16, to measuer any fields that

A-12 was retumned and iz field measored theys. The sample acquired a “ " component of mag-
netism, indicatmg thal the exposure to magnetic fields during trans-lunar coast accounted for at least
some of the field measured in sxmples retwned 10 the Earth, After the last site measurement. the
astmmmhadtummituffmdmdlhsmmpn:rmhadiutnrlab:hb:fm:dispmhg of the LPM.

Repalrs to experiment—None required.

Recovery/takedown of experiment—Discarded after second reading on A-14. The cable was some-
what difficult to rewind after the first readings. Alse discarded after use og A-16.

Stowing experiment for retorn—NA
Loading/unloading samples on LRV-—NA
Loading of experiment/samples into the LM—NA
Stowing of package once in the LM—NA
Sampling operations (soil, rocks)} N
Trenching— NA

Raking—NA

Drilling—NA

Navigating/recognizing landmarks— NA

Were there any hazards in the experiment, Le. hazardous materials (explosive, radioactive,
taxic), ehurp objects, high voltages, massive/bulky objects, tripping hazards, temperstures? No.

Wos lighting & problem?—No. It was even easy 1o read in the Sun, If necessary, a hand could pro-
?idemynmdndshﬂcmﬂhwmenmhcnmhtrnd.

Were the results visible to the crew?—Yes.

1 F 6 - - -I ]

mmfmﬁilﬁ'mﬁﬂndﬂlddinglmmnmdpnwl asscoably for actuation with the 1

glnvedhand,andpnﬁ:ﬁng:bmcrgﬁpfmth:mﬂmdmnk. See figure 14-32 tn Mission Repost,
Were any special tools required?—No.

Wan the orientation of thenpuiment{thrilmmﬂuruuﬂ Important? Difficult?-—Yes, The
insmﬂnmthadmhulnclwiﬂlhsﬁusingalm[ing bubble. A sun compasy was used 1o align it
withm 3° of a sunline waing a shadowgraph. Lmvnlhgwasmmtnﬁmdﬂﬁnﬂtfurﬂummdmndhg

Was the experiment sncoessfol ?—Yes,
Were there refated experiments on other Nights?—See LSM (S 024) on A-12, 15, and 16.
Where was it stored during fight?—1.M Guad II SEB,

Were there any problems photographing the experiment?—No.

What pre-launch snd cyrnise requiremcnts were there? Poveer, thermal, Iate access, early
recovery?—None reported,

L
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What was different between training and actual EVA?T—No comments by crew.
What problems were due to the suit rather than the experiment?—No comments by crew.
Any experiences inside the LM of interest from the experiment/operations viewpoint?-—No

comenenis by crew,

References:

Preliminary Science Reports, A-14, 16

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in
JSC History Office

Apollo Program Summary Repori, section 3.2.13 Lunar Portable Magnetomeler Experiment, JSC-
09423, April 1975

Apollo 16 Technical Crew Debricfing, 5 May 1972, in JSC History Office

& L]

] Figurc 23: The LPM instrument in use during Apollo [6 (AS-16-116-18721). A small rock
k. has been placed o the instrument to measure its magnetic field. The smudge to the right of

the instrument is due to a damaged negative; this entire roll of film has roller marks running
vertically. Smﬁgur:ﬂfurﬂml.PMmmmtu!nnﬂu:HETdurmgﬂpollu 14.
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crew members on the alignment. Cace set wp, the LMP re-entered the LM and moved the antenna
switch on the communication panel to “tunar stay™ and menitored the signal merer. He also tumed
the LM stecrable antenna track mode switch "off.,”

The fully urstowed PLSS antenna physicelly interfered with the 5-band antenna reflector during
alignmeni operations.

The maximum stable downward pitch of the reflector was §0°. The tripod design limit 1o tercuin
slope which conld be compensated for by manual adjustment was 5°. Detailed procedures exist in the
Lunar Surface Operatioms Plans and the Lunar Surface Procedures documents.

Cn A-11, the T¥ sysiem presented no major difficulty except that the cord was continually in the
way. Al first, the white cord showed up well, but it soon became covered with dust and was therefore
difficult to see. The cable had a “set”™ from being coiled around the reel, and weuld not lie com-
pletely fls. Even when it was flat, however, a foot could still siide onder it, and the CDR became
entangled several times. The A-14 crew sctually pulled the TV camera over one Lime after nipping
cn the cable. A TV tripod flew on many, if not all, the Apollo missions. On A-14 & 15 it was stored
in the MESA.

The Radicisotope Thermal Generator (RTG) provided power to the ALSEPs and is discussed more
ungder the ALSEF - General Information section. It was 19.6 kg, 40.6 cm in diameter and 46.0 em
long. The fuel element needed to be placed into the RTG from a fuel cask on the outside of the LM
descent stage, where it was stoved during flight. This cask rotated 10 point slightly dewnward 1o allow
this operation upon pulling a lanyanl. The DRT and FTT were used only for opening the fuel cask
and transfesring the fuel element to the RTG. respectively. Both were then discarded. The DRT had
a temperature [abel om its shaft. The FTT had an engage/disengage knob and & temperature label on
its shaft.

On A-12 the Fuel clement for the RTG would not come out of iis cask casily and several minuies
were spent working with the delicate element before it was removed satisfactorily. They had to hit the
cask with a hammer while pulling tm the element to coax it out. The A-17 crew had trouble remov-
ing the dome from the fuet cask. The chisel end of the geological hammer was vsed to pry the dome
off the cask. The remainder of the eperation went nommally.

Initial power output for A-12 on the lonar surface was 74 Wans (W) (66.5 W after 4 years), for A-
14 was 73 W (68 W arter 3 years), for A-15 was 75 W (59.4 W after 3 years), for A-16 was 709 W
{69.5 W after 2 years), and for A-17 was 77.5 W (76.9 W after | year). The actual rate of decrease in
cutput {pritmarily the result of changes in the lead teiluride material from time, temperature. and pres-
sure) for all five flight RTGs was considerably less than calculated predictions (about one-fourth the
design specifiesSOn ) e

The UL S. Flag was implanted at all Apollo aites. The fMag kit, lunar surface, which had a mass of 1.2
kg for A-17 (ot 10 be confused with a flag kt, standard, that was carried to the surface and returned,
which carried small flags for public relarions purposes), was unstowed from the MESA, positioned at

“1:3)” relanve to the front of the LM and ~6 meters from it. The lower staff was hammered inte the
s01], the upper portion was unfelded and then placed on the lower porticn. Six 10 seven minuotes wers
required for one crewman.

The Universat Handling Toel {(UHT) was a general purpose device similar to an elongated Allen
wrench. Two were included on ALSEP subpackage 2. The insertion end of the UHT was designed 1o
fit beth the camry sockets on the ATSEP instruments and strictural units and the Boyd bolt fastensrs.
The head was equipped with a spring-loaded ball lock for positive retention in the carry sockeis. A
trigger at the handle end was usad tp release the lock. There were two temperature labels on the
handle. The UHT was used to 1) handle and position the ALSEP units, 2) transport and emplace
experiment subsystems, 3) release Boyd bolt fasteners, 4) remove pull-pins and release Deuich
fasteners, and 5) actunte the suxiliary “astronaut™ switches on the central station.

The Lonar Equipment Conveyor (LEC) waz a device which the crew used during EVA to transfer
equipment 10 or from the ascent stage. It could also be used as a safety tether when going down the
ladder or as an aid in ascending the ladder. Enitially, a pulley-like double strap conveyor was used to
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rate cask for safety (they were at S00° C and radipactive} untl the astronaut on the surface removed it
and placed it inte the thermocouple assembly with the FTT. The cask was mounted outside the de-
scent stage of the LM. The A-12 erew commentad that the fuel cask guard was not needed and
commenied that heat radisting from the fuel element was noticeable through the gloves and durmg
the walk o the deployment zite, but was never chjectionable,

Was lighting » problem?—NA

‘Were the results visthle to the crew?—NA

Would you recommend any design changes? —No comments by crew.
Were any special tools required? —NA

Was the orlentation of the experiment (Le. horfzontalivertical) important? DifMflcult?—The RTG
was 10 be deployed on a horizemtal (+/- 10) site, but no provisions were provided 1o level it.

¥Was the experiment suocessful?—NA
Were there related experiments on other fights? Apollo? Other?—NA
Where was it stored during flight?—NA

Were there any problems photographing the experiment? —No.

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery!—Nme reperted,

What was different between trajining and actual EVA?-—No comments by crew.
What problems were doe to the sit rather than the experiment?—No comments by crew.

Any experiences inslde the LM of interest from the experiment/operations viewpolnt?—When the
hot-fire tests of the RCS on A-14 were performed before lift-off, the erectable S-band antenna blew
over. !

Referemces:

Final Apollo 12 Lunar Surface Operatsomis Plan, JSC, October 23, 1969 f
~Apolle.14 Final Lunar Surface Procedures, ISC, Decamber 31, 1970 . ... SIS}
Apolle 11 Finsl Lunar Surface Operations Plan, 1SC, June 27, 1969

Apollo Program Summary Report, section 4.8.1, Modular Equipment Transporter, 1SC-09423, April
1975

Apalle Program Summary Repon, section 6.1.2.7, Lunar Surface Operations, 15C-00423, April 1975
. Apolin 14 Technical Crew Debriefing, 17 February 1971, in ISC History Office
- Apollo 15 Technical Crew Debricfing, 14 August [971, in JSC History Office
| ALSEP Termination Report, NASA Reference Publication 1036, April 1979

- o Apollo Siowage List - Apollo 17, MSC, 12 December 1972




Figure 24: The MET was loaded wi
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Figure 26: The RTG as deployed for the Apollo 14 ALSEP. The
central station is visible in the background (AS-14-679366).

Figure 27 The fuel cask is visible in the upper right portion of
this photo after it has been tilted away from the Apollo 12 1M and
ernpiicd of its foel element for the RTG. The FTT and DRT (still
attached o the foel cask dome) are visible on the surface {AS-12-

48-7034). See also figure 5 for the fue!l cask on the Apollo 16
LM.
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Experiment Operations During Apollo EVAs

Acronym: PSE Experiment: Pasaive Selsmic Experimeni {Package)
(PSEF on A-11}
PYEngineer: Gary V. Latham/Marine Other Contacts: Maurice Ewing, Frank Press
~ Biomedical Instinute, Galveston, TX
Apollo Flight No.: 11, 12, t4, 15, 16 Disciplme; Lunar seismometry 4
Weight: 11.5 kg (A-12, 14-16) Dimensions: 23 em dia, 29 cm high, H
47.7 kg {(A-11) therma] skint extended 10 1.5 m dia, '
Manuiactgrer: Teledyne, Bendix Apollo Experiment No.: § 031

Description/Turpose—The instrument consisted of a seismwometer designed to detect moonquakes I
and impacts. It was considered part of the EASEP on A-11. Tt contained three ong-period seis- K"
5 mometers with resonant periods of ~15 secondy, alipned orthogonally to measure surface motion in g &
# three dimenxions, and a single-axis, shont-period seismometer sensitive to vertical motion at higher .,
o frequencies (resonant period of ~1 sec.) On later ALSEPs, the single vertical sensor frequency was ]
b, 0.0% to 10 Hz and the 3 orthogonal sensors were sensitive 1o 0.004 1o 3 He, It sat on & mounting i
=7 siool, which raised the unit off the surface. A Mylar skirt surrounded the unit to reduce thermally .
induced tilts of the local surface around the apparatus. The A-11 instrument was powered by solar E
panels, the rest by the ALSEP RTG. N

Unloading from the LM-—As part of ALSEP.

. Trnnupnrﬂn;I:Jrl'nnturHET—Cmindbyhmd[:lmgwiﬂnheLRRRmh-ll}md:pln)rmcn:sitc.
3 When part of the ALSEP, rwo pallets were connected by a mast and the whole was carried “barbel]
style ™

Loading/unjonding tools/experiments on LRV_NA |

: Site selection—On A-11, PSEP was located behind a rock (relative to the LM} to shield it from the !
effects of liftofT. Itwu]mnudﬂluﬂtmhnmufs:imﬁc:igna]snfumxpecwdlylarg: ' 3
amplitudes. Astronaut activities were also recorded by the instrumment. Later missions located their 4_‘ :

! station, limited by a 3-m cable and slack, ﬁupﬂﬂimnfd.ﬁmfrmnﬂulﬂﬁmininﬁzadhmhpm

: Dnﬁ-l!th:cmwhinimpr:pumﬂwm:fmfmnpcﬁmmtnnphmmbyﬂmpm;ﬂmsuﬂac:r.
with the ribbed soles of their boots. This did not seem to be effective—the total compaction achieved

g was reported to be small. The A-15 crew did the same.
' Deploying experiment—The surface was first “packed down”™ to prevent it from sinking. The '
. meunting stool did not provide syfficient protection against inadvertent contact of the bottom of the +
't unil with the surface. To overcome this, the crewman dug a small bole with his boot—a procedure '

which was time-consuming and imprecise. Leveling the unit on A-12 was simple vsing the bubble;
! hﬂw:vtr,thr:md:u]balllmlhgd:ﬁmmuudmhmmuufdu!nckuf&dequﬂedampiugﬂfhﬂ]
: motion. There was no difficulty on A-14, 15, or 16, although A-14 was unabie to make the ribbon
’ cable lie flat on the surface under the thermal shroud skirz, A timeline from A-15 shows ~11 minules
: for deploying the unit, but A-16 allotied only ~6 minutes. .
" The Mytlar skint thermal shroud was not deployed until late in ALSEP deployment so that dust
K would not zccumulate om it On A-12, it would not Jie flat; it was believed that it had been folded for o
so long that it had “elastic memory.” It could alse have been due to electrical effects. It was re-
solved by putting lunar soil and bolts aloag the skirt edges ¢which affected the skin's function.)
Before remaving the girdle, the astrotant had to alipn the PSE within 20° of the sunline by
pointing the arrow on the girdie at the Sun. Fine alignment was donz after emoving the girdle and




spreading the thermal shroud, The astronaot read and reported, to the nearest degree, where the
shadow of the gnomen fell on the compass rose.

During transport, the sensitive sensors were held in place with expanded bellows, which were
deflated for “uncaging”™ the experiment by means of a small explosive device,

Checkout of experiment—Calibrarion signals were mherent in the experiment. Also, the signals pro-
dumdbjrﬁringﬂmLMrmﬁmcmnuls}fst:m{R[E]mﬂmmghmpmvidndnchuknnlh:
compressional velocity of the local seil. Tmpacts of the two FLSSs after ¢jection from the LM were
also observed. These sources caused signals which were smaller than those from the PSEP on A-11
by a factor of B0 due to the greatey separation of the PSE and the LM.

Operation of experiment--From 1SC via the ALSEP commiand system. PSEP om A-11 worked for
21 days. It got hotter than expected {perhaps because of dost caverage), and no longer accepted
comunands after near-noon of the second unar day. Since it was powered by solar cells it did not
operale al aight, but it did have an isotope heater for critical components. Leveling mctors were op-
erated from Earth to level the low frequency sensors 1o within 2 seconds of are. On the ALSEP de.
SIgn, & st of 15 commands governed operation. These worked much longer and operated during the
night, but were not without their problems. More detail is available in the scientific literature. There
was no astronaut operation other than deployment. The PSE on the A-16 ALSEP gol warmer than
planned. This was likely due 10 dust that was inadvertently kicked onto the skint after deployment.

Repairs to experiment— Deploymens of the solar pancls on the A-11 PSEP was not nominal, One= of
the two remining structures that shoold have fallen away when the package was righted failed. The
LMP reached down with his finger and flicked it loose. After initial deployment on A-11, an attempt
was made 1o level it more by pushing ove side down mic the soil more. This did not work. He had
to shide it back and forth t scrape away the excess material. Placement of the shroud on A-12 re-
quired some weights to bold it down. Later shrouds had weights built in and the shroud was stitched

0 prevent layer separation.
Becovery/takedown of experiment—NA
Stowing experimeat for retuvrn—NA
Loading/unloading samples on LRY—NA,

Loading of experiment/sanvples into the LM NA
Stnwingnfpuh.gamhﬂlgLH—Hﬁ i

- Sumpling opertions (908; rucks)=:NA e ommar-- S ——
Trenching—NA

Rakinz—NA

Drilling—NA

Navigating/recognizing landmarks— NA

Were there any hazards in the experiment, Le,, hazardovs materials (explosive, radioactive,

tuxic), sharp objects, high voltapes, mamsive/bulky objects, tripping kazards, temperatures?—
There were small explosive devices on the bellows (used 10 lock the experiment for transport) which
were activated Lo “uncage™ the instrument.

Was lighting a problem?— No. i

Were the results visible to the crew? There waz a teveling bubble and a Sim gnomon on the
Instrument,

Weunld you recommend eny design changes?-— The thermal shromd was redesigned after A-12 to
include some weights at its circumference and 10 spot-sew the laminations together. This resuited in
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betier thermal control and the leveling commands required from Earth were less frequent. The metal
ball in the bowl-leveling indicator rolled all over the place for A-11 PSEP and also on the A-12 PSE.
The bubble level was added for the A-12 PSE and it worked very well. The "BB" was never used
again.

Were any special tools required? —UHT.

Was the orientation of the experiment (Lz. borizontalivertical) important? DifficuMt?—] avel was
very Important, but was not difficult. It was leveled within 5* of vertica) by the astromant using a
bubble level. The automatic, fine-leveling gimbal system corrected the rest.

Was the experiment succesafinl?—Yes, alome and as a network of four scismometers. However, sev-
eral of the stanons exhibited thermal comirol problems. For coltection of tidal data, limiting the in-

strument operation temrperature to a band of —1.1 K was desirable. This Limitation was not achieved,
parly because of problems with deployment of the thermal shroud. Corrective actions included the

ing the lunar day was greater than desired.

Were there related experiments on other Tights?—See ASE (S 033) and LSPE {S203). Ser alsp
1L5G (S207).

Whete was it stored during flight?—As part of ALSEP.
Were there any problems photographing the experiment?-—Nao.

recovery!—MNone reported
What was different between tralning and actoa! EVAT—The skirt would not stay down.,
What problems were due to the gmit rather than the experiment?—No comments by crew.

Any experiences inslde the LM cf interest from the experiment/operations viewpoint? —The PSE
wis senahve enough 10 detect the activities of the astronauts, the hot-fire tests of the RCS Jjets, the

liftoff, and the thermal “noises™ of the LM after departure. There were also signaly that wete inter-
F:ﬁuﬂwvmﬁngufpmpcﬂmtsﬁmthttﬂnksmthndmmﬂsﬂgn- Several spent 548 and LM

ascenl stages were crashed into the moon 1o provide seismic 5 that the scismometers detected, N,
Everr thotpirdie" A~ 17 AL SEPid not e %ME .M o the Moon

to parucipaie in the experiment using those instruments,

References:

Preliminary Science Reports for A-11, 12, 14, 15, 16, 17

Mission Reports for A-11, 12, 14, 15, 16, 17

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131. August 1974, in
JSC Histery Office

Apolle 14 Final Lunar Surface Procedures, JSC, December 31, 1970
Apollo Program Summary Report, sectiom 3.2.9, Passive Seismic Experiment, JSC-0%423, April 1975
ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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28: A close-up of the PSEF as deployed by the Apollo 11 crew
AS-11-40-5953). Sce also figore 8 for mmﬂdﬂftﬂ‘r}'ﬂ; PSEP.
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Figure 29: The aluminum colored Mylar shroud covers and protects the PSE, which is de-
ployed north of the central stanon,  Some dint was unavoidably kicked onto the shrowd. The
red flag visible behingd and 1o the right of the PSE s at the cnd of the ASE grophone Line.
The RTG ix behind and to the left of Lhe central station {AS-16-113-18347) The endency
for cables 1o stay off the surface due to “set” and low gravity 15 evident




Experiment Operations During Apollo EVAs

Acronym: Mone for experiment Experiment: Soil Mechankcs

ASP Apollo Simple Penetrometer (A-14)

SRP Sclf-Recordibg Penetrometer (A-15 & 15)
PifEngmeer: James K. Mitchell/ Other Comtacts: W, David Carrier, [I/ISC

Univezsity of Calif /Berketey R.F. Scon, N. C. Costes/MSFC

Apolle Flight No.: L1, 12, 14, 15, 16, 17 Discipline: Soil mechanics
Weight: 2.3 kg for SRP Dimensions: NA
Manufactores: NA (ASP) Apollo Experiment No.: § 200

Murdock Engineering (SRF)

Specific scientific objectives: (1) To verify lunar soil models previously formulared from Earth-
hamdubuwnnummdhhhvﬁ&ptiummdfrmhmu and unmanned lunar landin

missions in which to gather the data Subsequently, the delay afier the A-13 problem allowed the
hardwmcnhanc:mufurthu“]"miuinmtﬂberudybyhpuﬂn I15. It mmned out that the firse
mhunﬁﬂmilnﬂhmimmmu{muumhlyjnnifmdmmcbuisufhpmmm:mv
design) flew on the: seme mission as the first rover. T‘hqralmnnyﬂd’mﬂmtinmlin:sfurﬂ-lﬁand
I?,dnpimﬂwcffmnfmmhtvcthmmnmcd.
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Dperation of experiment—The A- 15 timeline presents these coordinated rctivities: LMP - Unstow
penetrometer from pailet, attach to extension handie: attach cone or plate to penetromeler; index
penetromeler drum (o next position; move reference plane 1o the tip (fully extended) position; posi-
lion penctrometer vertically on surface; press tip into surface with downward force on extension
handle {if cone penetration, attempt 1 inch per second penctration rate); withdraw penetremeter from
surface and move reference plane full up; restow penetrometer on pallet; proceed to next sample;
CDR - select area for penetrometer test and place gnomon, take Jocator photo using prominent
feature - cross-sun, /8. 11250, 15 feer; ke “afler” stereo pair cross-sun, 178, 17250, 7 feet, when
penerrometer removed, retrieve ghomon.

Were any special tools required? —On A-14, Lhe geophonefthumper ancher was used as a penetro-
meter to obtain three two-stage penetrations into ing lunar surface. This device (figure 4-11 in the
A-14 Preliminary Sclence Report) was a 68-cm-lopg aluminum shaft whick was 0.95 cm in diameter
and had biack and white siripes 2 cm long to provide a depth scale. It had a 30" cone tip {apex
angle) an one end and a connection for the extension handle on the other. When so used. it was
referred 1o as the ASP. After completion of these tests, the device was used 1o ancher the greophone
cable when the cablc was placed in pusition for the ASE.

On A-15 four new data sources were available for the first time. These included new, larger
diamcter, thin-walled core tubes, an SRP, the LRV, and the ALSD. The SRP could pencirale 10 a
maxirmum of 76 cm with a penciration force of up 10 111 Newtons. Tie record of each penetration
wis scribed on a recording drum contained in the upper housing. The lunar surface reference plane,
which folded for storage, resied on the surface during a measurement and served as datum for mea-
surement of peneiration deprh. Three pencirating cones, cach of 30° apcx angle and baze areas of
1.29, 3.22. and 6.45 cm? were available for atachment to the shaft, as well as a 2 54-by-12.7 cm
beanng plate.

The middle cone and the bearing plate were used for a scries of six measuremenis at station 8 on
A-13. The reconds were scribed on the data drum, which was retumned for analysis. The surface-ref-
erence pad tended 10 ride up on the shaft when the SRP was vibraied, however, and it is therefore
difficult te determine precizely the depth of penetration from four of the tesis,

On A- L6, eleven SRP tests were performed duning the EVA 2. The lunar-reference plane {zero-
peint) was repositioned after each test back to the zere-point, but while moving to the next test station
. ! this plate moved up the shafi slightly. Also, placing the SRP onto the surface while holding it by Lhe

s housing could have led 10 some penerration (because of inertia} without recording the accompanying

force. An improved procedure might zliminate these two sources of error. Also, 1est 5 at station 10
djdnmrwurdﬂnth:SRPdmm,pmhhiyhccau;:ltltLLletqqudhislcflhmm::mndﬂlcupp:r '
housing i such a marmer that the indexing lever was depressed, thus locking the recording drum and
preventing inscription of the data (this based on viewing the films). Design with greater sensitivity 1o
operation could have prevented this. Ar station 4 on the 2nd EVA, the 1.29 cmZ cone fell off the

S - penetrumeler but was recovered. Omnce set up properly, the test was performed but a steady push was

- not casy (o provide. Once the crewman leaned on it he lost his balance and came up off it. When u

: would “give,” it would go fast enough to allow the spring 1o back off. Spiked readings on the
recording drum resulted.

Trenching—V¥eriical walls on trenches were observed. On A-14. a ench dug by Alan Shepard col-
lapsed at a shallower depth than predicted, evidently because of lessened soil cohesion—as small ag
10% of the values calcolated for soils at previous landing sites, This was on the rim of a crater, how-
ever. Also at this trench site, the crew was 1o step omo the pile dug oot of the teoch 10 observe the
nncompacted behavior of 1egolith. On A-15, Irwin dug a trench with the small scoop aftached 1o the
extension handle (see Lunar Geglogy - Tools) on EVA 2. This went smoothly and without difficulty
uattil 2 much harder layer was reached. Afier this, further excavation required chipping out materjal.
The trenched was caused to fail by inducing a load at the top with the SRP, although forces beyond

_ its range were required. Collapse was sudden and complete. The pre-mission timeline zllowed 10

vo minuotes for this seil mechanics trench study.
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On A-15, thinner-walled, larger dismeter core wbes were used 5o as b0 reduce sample disturbance,
incTease the size of the santple, and facilitate ease of sampling by the crew, Operationally, this new
core tube required the astronaut 1o insert a “rammer-jammer” rod intg the core tube after it had
been driven imo the soil te push a “keeper™ down until it came i contact with the soil. This then
held the sample in place while it Wwas cxtracied. On A-17, the lunsr driil deep core hole remained
open. ax predicted, for the insertion of the Lunar Neutron Flyx Probe.

Were there related cxperinents o other Mghts? Al landing sites included some tlement of soil
mechanics investigations. Punokhod 1 & 2 both carried cone penctrometers.

What was different between training and actual EVAT NG CoOmments by crew.
References:

The Prelimmary Science Reports of all landed missions include a chapter on soil mechanics investi.
gations based on a variety of observations.

“Lonar Sourcebhoonk - A User's Guide to the Moon,” G, Heiken, D, Vaniman, and B, French, Eds_
Cambridge University Press, Cambridge, 1991

See also - Lonar Geology - Toois,
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Figure 30: This wench was dug as part of the soil mechanics invest
provides local vertical, Sun orientation, scale, and color (AS-17-142-21
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Experiment Operations During Apollo EVAs

Acronym: SWC Experiment: Solar Wind Compaosition
PLEngineer: 1. Geiss{University of Bem Other Contacts: P. Signer, F. Buehier,
J. Meister, P. Eberhardt
Apolle Flight No.: 11, 12, 14, 15, & 16 Discipline: Solar wing, solar physics
Weight: Towl 430g Dimensions: Foil Sheet 30 cm x 140 cm
Foil t30p (130 em exposed), 15 pm thick:
450 g on A-16

Pole 4 em dia., 40 cm long, stowed,
L5 m leng, deployed
Manufacturer: University of Bern, Apcllo Experiment No.: S 020

Swisa Nat'! Science Foundation

hunar surface. The area of the foil was 4000 cn?, It was deployed on a five-section telescopic pole
and unrolled. The reel of foil was stored inside the collapsed pole. Furity of the foil was critical 1o

avord conemination of the lunar samples and background contamination of the experitment itself.
The A-16 experiment was composed of both aluminum and platinum foils, The platinum foil

allowed for mreatment with dilute hydrofluoric acid before sample analysis on Earth to remove dust
contamination and the resuliing uncertaintics.

Uniloading from the I,M—No comments by crew.
Tramsporting by foot or MET—Hand carried.

Loading/nnloading tooks/experiments on LRY N
Site selection—Near the LM, in the Sumn.

Deploying xperiment—The ielescopic pole was exiended and the five sections locked automaticaliy,

'ThcrulwuHmpuﬂndﬂul,lndlhefuﬂwumunuudnﬂfntnwdmuhmknwthnlm:udnf

the pole. 'I'hr.-pul:mpuﬂuduprigluhmm:mnm,huitdidnmnmudjyhnvemhupﬂfuﬂy
vertical. Hmmﬁumﬂ-llcl:ulyﬂmwhlmﬂnghlﬂﬂ,m i : s o

Checkout of experiment—None required.

Operation of experiment—Exposed for 77 minites on A-11; 18 hours, 42 minutes on A-12:
21 bours on A-14; 41 hours, § minutes on A-15; and 45 hours, 5 minutes on A-16.

Repairs to experiment— See recoveryftakedown,

Recoveryitakedown of experiment—The reel was spring-loaded to facilitate rewinding of the foil. §r
was detached from the telescapic pole, placed in 2 Teflon bag, and placed in an SRC, The pole was
not returtied. A typical timefine from A-15 shows ~d minutes for refrieving the foil and placing it in
the bag.

On A-12, the foil rolled up the first ~1.5 f. After that, it wold crinkle rather than roll, Using
great care, they h-iu!tnmllupmefnﬂ,hu:nnth:ﬂﬂhaucmptacra:kappcamdhthncrhﬂn aTes.
They finally used their hands to ro]] it, and a5 a result the foil was soited by the dirt adhering to their
gloves. Afier it was rolled, they discovered that it was oo big to fit into the container that was to be
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used to retumn i, and had to cruah it with their hands, Upon inspection during EVA 2, they decided
thai the foil tended 10 “set™ and that it would not o] up because the set was stronger than the
tension of the roller.

On A-14, about half the foil rolled up automatically, the rest was done manually. On A-15, the
foil was rolied menually when it failed to roll mechanically. There was no reported difficulty recoy-
ering the A-16 foil.

Smwin;:rpﬂmnlfnrrﬂurn—ﬂmdhlhﬂmhng,ﬂimhﬂnthcﬂﬂﬂ, On A-15, it was trang-
fmndmrh:LMﬂnﬂmETB{EﬁuiniuT:ihnbag}mdnmyhavebnmkcpn:pam:fmmmh:r
samples 1o minimize dust contamination,

Loading/unicading samples on LRY—NA

Loading of experiment/samples into the LM—With the SRC.
Stowing of packapge once in the LM—Within the SRC,

Sampling operations—The foil had to be ultresgnically cleaned before analysis on Earth. Part of the
sheet was then melted in an ultra-high vacuum system and the gasses released were analyzed with a
mass spectrometer. The platinum portions of the A-16 foil were cleaned with aqueons HF before
analysis.

Trenching—NA

Raking NA

Drilling—Emplacing the shaft into the ground by hammering was difficuit due to the comparted
nature of the subsurface.

Navigating/recognizing Iandwiarks—NA

Were there any hazards in thtﬂpﬂﬂmt.h,hlﬂtdnuﬂhterhh[nphdn,ﬂdh:ﬂu,
toxic), sharp objects, high voltages, massive/hulky objects, tripping hazards, temperatures?—No.
Was lighting a problem?—No,

Were tve resnlts visible to the crew?—No.

Was the experiment succesainl? - Yes,

Wmthutrdun&upﬂimmunnntherﬂighu?—‘fm Some satellite measurements of solar wind
mdplumamdmgnﬂicﬁcldshmgthzmrdﬂmt.ie.&plmij,?nhEAdeB. Bee also

5 035, Solar Wind Spectzometer (SWS), On A-17, thers was a greatly scaled-down version of the
alominum and platingm foils included as parnt of the LSCRE. Also, the lunar regolith itself has
trapped the solar wind over the eons, but is an vncertain “instyument ™ Still, analysis of volatiles




Were there any problems photographing the experlment?—No.

What pre-lannch and cruise requirements were there? Power, thermal, late access, early
recovery!-—None.

What waa different between training and scioal EVA?—No comments by crew.
What problems were due (& the suit rather than the experiment?—Ne comments by crew.

Any experiences inslde the LM of interest from the experiment/operations viewpoint7—No

comments by crew,
References:

Preliminary Science Reports for A-11. 12, 14, 15, & 16
Mission Reports for A-11, 12, 14, 15, 16

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, Avgust 1974, 1n
15C History Office

Final Apolle 11 Lunar Surfsce Operations Plan, ISC, hme 27, 1969

Apollo Program Summary Report, section 3.2.22 Solar Wind Composition Experiment, J5C-09413,
Apri) 1975

Apolle Program Summary Report, section 3.2.29, Particle Implantation Studies, J3C-09423, Apnl
1975
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Figure 31: The SWC foil depl on Apolle 11, Notice the identifica-
non of which sids 1d be in the shade at the bottom of the foil (AS-11-
40-5873).
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Figuye 32: The SWC foil on Apollo 16 had some sections of plarinem,
which allowed for eanier cleaning operations on Earth. Nete the identity
of the Son side pear the bottom (AS-16-] 17-18849),
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Experiment Operations Doring Apollo EVAs

Acromym: SWS (SWE) Expeniment: Solar Wind Spectrometer
{ak.a Medium Energy Solar Wind
Experiment)
Pi/Engineer: Conway W. Soyder/ Other Coatacts: Douglas R. Clay/FPL
Jet Propulsion Lab Marcia Neugebauer/FTPL
Apolto Flight No.: 12, 15 Discipline: Solar wind, solar physics,
Earth sciences-magnetosphere
Weight: 5.3 kg Dhmensioma: 279 x 22.9 x 10.2 cm, stowed;

35.6 x 229 x 43.2 cm, deployed

Manufacturer: JPL/Electro-Optical Systerns  Apollo Experiment No.: 8§ 035
Pasacenia, CA (Bendix -
Integranon m ALSEP)

Description/Purpose—The sensor in the SW5S is a Faraday cop that measures the charged-panicle
flux entering the cup. An amay of seven cups was used to be sensitve in any direction and 10 ascer-
tain the angular distribution—one pointed vertically and the others amrayed around it at 60° off-
vertical and 1o each other.

The purposec was (1) to compare the solar wind properties at the lunar surface with those mea-
sired in space near the moon; (2) o determine whether there were any subtle effects of the Moon on
the solar wind propertics, and to relase these to properties of the Moon; {3) 1o study the motion of
waves Or discontinnitics in the solar wind by measuring the time miervals between the observation of
changes in plasa properties at the Moon smd a1 the Eanth; (4) to make inferences &3 1o the length,
breadth, and structure of the magnetospheric tail of the Earth from continuous measuresnents made
for four or five days amund the time of full Moon.

Unloading frosm the LM—As pant of ALSEP.

Transporting by foot or MET—As part of ALSEP.

Loading/unloading tools/experiments on LRV—NA

Site selection—As part oFALSEP12 tor15 feet noctir of the comtral stations e e Bt

Deploying experiment—Four Boyd bolts were turned with the UHT 1o rebease it from the ALSEP
subpallet. It was then carried with the UHT 4 m to the north. Four legs were then extended and
locked, then the unit was placed on the surface and aligned wsing the shadow cast on the sensor head.
The crewman checked tha the thermal door wat open and facing sway from the cniral station. It
was deployed without difficulty on A-12 and 15, although the Boyd bolt favs. oers thar beld it w the
subpalict were hard to remove on A-15. The covears were left vo and were emoved aftr LM ascent
on commankd from Earth. The bouvered side was orienied nocth for thermal control. A typical time-
line from A-15 shows ~4 minates for deploying the experiment.

Checkoul of experiment—From Earth.,

Operation of experiment—¥From JS5C via the ALSEP command system.
Repairs to experiment—NA

Recovery/akedown of sxperiment—NA

Stowlpg experiment for retom—NA

Loading/unloading samples on LRV—NA

17
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Loading of expesiment/samples into the LM—NA
Stowing of package once o the LM—NA
Sampling operations (soil, rocks)—NA
Trenching—NA

Raking—NA

Drilling—NA

Navigating/recognizing landmarks—NA

‘Were there any hazards in the experiment, Le., hazardous materlals {explosive, radloactive,
toxic), sharp objects, high voltages, massive'bulky objects, tripping hazards, temperatures? —No.

Was lighting a problem?-—No.

Were the results vixibie to the crew?—Na,

Would you recommend any design changes7—None made by crew,
Were any special tools required?—UHT.

Waa the orientation of the experiment {ie. borizootal/vertical} important? Difficuli?—The astro-
naat had 1o level it to within 5° of horizontal shout the N-5§ axis. He also had 10 align the vnit about
the vertical axis so that the shadow cast by the N edge of the sensors ran parallel to the edge of the
sun shield. Poat-flight photos wers used 1o deteymine that the A-12 orientation was leas than 3° off
level and off N-5 alignment, which was said 10 be within 1olerance. It was self-leveiing about the E-W
axit. Hy touching the bottom of the unit with the UHT, the astronaut could see that it hung fnee.

Waa the experiment successfolT—Yes.

Were there related experiments on other flightsT Apollo? Other?—The SWC experiment (S 080)
wiis flown on all Apollo landing missions except A-17.

Where wan it stored during flight?—With ALSEP subpallets.

Were there any probiems photographing the experiment? —No.

What pre-lavnch and crukse requirements were there? Power, thermal, Izie access, early
recovery >-—None reported.
YWhat was different betwesn training snd sctusl EVAT—No comments by crew.

sheir's el pcr v inaierhappt iy oot B T T R N -
Yhat probiems were due (o the suli rather than the experiment?—No comments by crew.

Any experiences ingide the 1M of interect from the experiment/operntions viewpoint?—No

comments by crew,
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References:

Preliminary Science Reports for A-12, 15

Apolle Sciennfic Expenments Data Handbook, ISC-09166, NASA TM X-58131, August 1974, in
I5C History Office

Final Apollo 12 Limar Surface Operations Plan, 1SC, October 23, 1969

Apollo Program Summary Report, section 3.2.21, Solar Wind Spectrometer Experiment, JSC-09423,
April 1975
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Figure 33: The SWS a3 deployed on Apollo 15. The dust covers are still in place, to be
rernoved after LM ascemt by cormund from Earth. The louvered side was oriented
nerth (on the side not visible in thit view)} for thermal control (AS-15-86-11593).
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Experiment Operations During Apollo EVAs

Acrooym:; SIDE Experiment: Suprathermal Ion Detector Experiment
(2ka Lunar lonosphere Detector)
FliEngineer: John W. Freeman/ Other Contacts: H. Balsiper/Rice University: HK Hills/
Rice University Rice Univ.; Dallas E. Evans/J 50
Apollo Flight No.; 12, 14, 15 Discipline: Lunar atmasphere, solar wind, radiation,

radiation, lunar vuleanology, Earth
Sciences - magnetosphere, human
envirpnmental impact on the Moon

Weight: 85 -88 kg Lrimentions: 389 x 330 x 11.4 cm. Wken deployed,
the: top surface stood 51 cm above the
lunar surface.

Manufacturer: Time Zero Conp. Apollo Experiment Na.: 5 036

(formerly Marshal Laboratories)

Description/Purpose—The SIDE coosisted of two positive jom detectors. The first, the mass analyzer,
was provided with a velocity Filter and a curved plate electrosiatic £DneTEy-per-unit-charge filter in
tandetss 1n the ion flight path. The second, the total jon detector, employed only a curved piate eles-
trosiatic energy-per-unit-charge: filter, The only major difference between the insimuments oo A-12,
14, & 13 was the mass range they covered.

The purpose was 10 {1} provide information on the encrgy and mass spectra of the positive jons
close to the lunar surface that result from solar-UV or solar-wind ionization of gasses from any of the
following sources: residual primordial atmosphere of heavy gasses, sporadic out-gassing such as vol-
canic activity, evaporation of solar-wind gasses accreted on the lunar surface, and sxhaost gasses from
the lunar modube descent and ascent motors and the astronauts’ PLSSs: {(2) measure the flux and en-
&agy spectrum of positive ions in the Earth's magnetotml and magnetosheath during those periods
when the Moon passes through the magnetic tail of the Earth; (3) provide data on the plasma imierac-
tion between the solar wind and the Moon: and (4) determine a preliminary valoe for the slectric
potertisl of the mar surface. By having more than one instrument on the surface, discrimination is
possible between moving ion clouds and temporal fluctuations of the overall ion distribution.

Unloading from the LM-—As part of the ALSEP.

Loading/unioading tools/experimenis on LRV—NA

Site selection—As part of ALSEP. The SIDE was deployed 15 1o 18 m NE of the ceniral station,
limited by an 18-m cable. The site was smooth and allowed emplacement of the ground screen.

SIDE t“nr transport, then separated from it before deployment (but it remained connected by a cable
~1 meter long).

It was carried to its site with the UHT. Th:UHTmﬂtmumdtnmlm:ﬂmpmmdm.
which was then emplaced on the surface. The CCIG (see CCIG experiment ) cover Deutsch fastener
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the shadew on the side of the unit. A typical timeline from A-}5 shows —10 minutes for deploying
the experiment, including the CCIG.

On A-12, the peotective lid, designed 10 be released by ground command, opened accidentally
three times during deployment and had 10 be reciosed. It was lefi open the Jast time since the EXper-
iment was already deployed. N took both crewmembers working together 1o orient both the SIDE
and the CCIG due to the force of the cable between them. The CCIG was not placed as far from the
SIDE as it should have been becanse the force of the cable disallowed it

On A-14, considerable difficulty was experienced with the stiffness of the interconnecting cabls
between the CCIG and the SIDE. Whenever an atizmpt was made 10 move the CCIG, the cable caused
the SIDE to 1ip over. It tipped over three times. Afier several minutes of readjusting the experiments
they managed to deploy them successfully, although a large amount of dust adhered to one end of ‘ =
the package. A similar problem was seen on A-12 which caused the CCIG to be deployed at an angle
(see CCIG)} On A-15, the connection to the SIDE was redesigned 1o be an “extended leg™ based on E
the above experience and because of the high latitude of the site vs. its intended field of view,

Also on A-14, 10 minutes were required 10 release the SIDE from its subpallet since dust had g3
piled up against it and into the hidden Boyd belt, which had 10 be reached blind by passing the UHT 2 i
through a channel. The three experiment components were difficuli to handle simultaneously, and B
were not sufficiently stable to prevent the SIDE from tuming over several times during deploymen. B

.

On A-15, there was some difficulty in interfacing the UHT with the experiment receptacle and, as
a resolt, the instrument was dropped, apparently with no harm. g
Checkout of experiment-—From Earth. ,|1 3
Operation of experiment—From JSC via the ALSEP command system. On A-14, the high voltages .
were not eperated when the instrument was above 25° € on the first lunar day of deployment, 45° C g
on the second lunar day, 557 C on the third, working up by 10° C each humar day until full-time N
operatipn was reached. This protocol was based on observations of high pas levels near lunar noon :

oo the A-12 instrument and was controlled from Earth, Dust in the A-12 instrument from deploy- !
ment by the LMF may also have been a canse of the problems. :

Repairs to experiment—See deployment. On A-14, the crew had to tum the unit upside down 1o : i [F
knock the dust out and be able 1o release the Boyd bolt. On A-15. connection of the SIDE to the |
central stanon was very difficult. k required the LMP 10 use both hands and sl the weight that he B
could bring 1o bear om the locking collar,

|
Recovery/takedown of experiment— NA f { i
Stowing experiment for return—NA o
Loading/anloading samples on LRV NA
Loading of experiment/sxurples into the LM—NA
Stowing of package once fn the LM—NA
Sampling operstions (soil, rocks)—NA
Treaching—NA
Raoking—NA
Drilling—NA
Navigating/recognizing landmarks—NA

Were there any hazards in the experiment, Le., hazardous materials (explosive, radicactive, i
toxic), shayp objects, high voltages, masstive/bulky objects, tripping hazards, temperatures?-—The i
high voitage: of the instrument was not activated until after deployment. -

¥Was lighting a problem?—No. ! __;f.'
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Were the results vislble to the irew?!—Np.

Would you recommend any design changea?- The origing] degign was for the CCIG 10 be totally
included in the STDE package, but its magnenc field interfered with the SIDE instrument znd the two
packages needed 1o be separated, The A-12 grew commented thax the three legs were too close
together, which made it prone 1o tipping over. Theynhnhadahard&uwﬁhd:espring-lﬂadad
ground screen, recommending that the spring-loading be Jeft out. The A-14 crew suggesied leaving
the blind Boyd boit off 10 ease release from the subpallet.

Were any special toola required? UUHT.

Was the orientation of the experiment (Le. borizoatel/vertical) important? DiMflcanlt?>—Difficult,
due 1o the inlerconnecting cable 1o the CCIG, The oricetarion of the mstruments was to align the
“look™ direction with the direction of the magnctosheath around the Eanh as the moon entered ang
left this region cach month. The “look™ directions of A-12, 14, and 15 were oriented differently 1o
cover & wide range and alfow stady of the directional characteristics of son fluxes. The astronaut
leveled the unit tor within 3% of vertical using a bubbie level, It also needed to be within 5° of E-W

ahgnnmI::.rpmnhnglnmnw.:ﬂtﬁmuﬂﬂlmﬂignh:glmndnwwithﬂwsidcufﬂmunir..

Were there related experiments on other Nlights? Apollo? Other?—See CPLEE {038},

Where was it stored during flight? —Wizh the ALSEP subpallet. The CCIG experiment used some of
the electoonics of the SIDE caperiment.

Were there any problems Photographing the experiment?—Nop.

What pre-launch and crokse requirements werr thers? Power, thermal, late access, early
Tecovery?—Nene repoited,

Preliminary Science Reposts, A-12, 14, 15
Mission Reports, A-12, 14, 15

Apolla Scientific Experiments Data Handbook, ISC-09166, NASA TM X-58131, August 1974, in
JSC Hiztory Office

Final Apolio 12 Lunar Surface Operations Flan, ISC, October 23, 1569
Apolle 14 Final Lunar Swrface Procedures, JEC, December 31, 1970
Apolle 15 Fina! Lunar Surface Procedures, I5C, July 9, 1971

Apollo Program Summary Report, section 3.2.23, Suprathermal Ion Detecior and Cold-Cathode
Gage Experiments, JSC-09423, Aprl 1975

Apollo 14 Technical Crew Debriefing, 17 February 1971
ALSEP Termination Report, NASA Reference Publication 1036, April 1970

122

el e R T

;
(]




e Trassporting by foot o MET—NA-— i . . . . .

Experiment QOperations During Apollc EVAs

Acronym: SEP Experiment: Surface Electrical Propertles

PL/Engineer: M. Gene Simmons/MIT Ciher Contaces:
David W. Smangway/
University of Toronto

Apello Fhght No.: 17 Dnscipline: Lunar geology, geochemistry
Weight: |6 kg Dimensions: receiver box = 23 em3- Transmitter stood
(1 kg recorder returned) knee high on its legs, plus the solar

pancls that faced the Sun ~60 x 25 em,
unfolded from trifold stowed position

Manufacturer: Raytheon, MIT/ Apolle Experiment No.: 5 204
Center for Space Rescarch

Description/Purpose—Thix experiment measured the dielectric constant and loss tangent of the lunar
regelith in sitv and also provided informarion on the subsurface strzcrure (electrical layering, discrele
scattering bodies, and the possibde presence of waer) in the region covered by the geclogy raverses.
Electromagnetic radiation at six vencies from | to 32.1 MHz was transmitted from a fixed
crossed-dipole antenna and received through an antenns atached 1o the LRV The basic principal of
the uril was interferometry, with reflected waves and “free space” creating an interference patiemn,
Useful data was received only during the maverse from the SEP site te station 2. During passes of the
CsSM overhead, the Lunar Sounder Experiment antenna also took messurements with the SEP on and
off.

The experiment consisted of a n‘uumd-dirol: antenna thar was laid on the pround, & tansmitter
unit (which stood on four legs, needed (o be eveled, and had solar panats for power) which generated
the signal, and a receiver and receiving anterma (-2.5 m high) on the LRY. The two T0-m-long wires
which made up the ansmitting antenna stretcbed 35 m in four directions, crossing at the SEP central
unit, and were operated sequentially,

Unloading from the LM-—No comments by crew. The Data Storage Electronics Assembly (DSEA)
recaotder was tranzported to the moon inside the LM i stowage area A2. The rest was stowed in the
descent stape.

e 'Iml-'+

L T -

Loading/unloading tools/cxperiments on LRY—The receiver and receiving antenna wers placed on
the back of the LRV during EVA 1 for thermat control and operational convenience even though
they were not used until EVA 2. A cable for position information was connected to the navigation
unit of the LRV,

obiained from its navigation system, was recorded on the DSEA.

Stercographic phnﬂmumdhuhﬂin:lmlmaﬁunnflh:ﬂaﬂingpuhtnfﬂmﬂﬂupﬂhnmt
profiles to within | m. Th:LRV.wilhhsnﬂigaﬁnnsmwuumdleﬂtstmighLmﬂmgunﬂ
Em::stﬂb:uandnsgujdufnrd:ployingth:n'mmiuingmm

Deploying experiment—The transmitting antenna was deployes? 100 m east of the LM og EVA 1.
The cables were stored on reels until deployed. During the deployment of the trassmitter antennas,
th:rwnsmufdipnl:swmmvmﬁmnﬂl:phnn@duﬁmtﬂiun{du:tnthnm:hhehgdmpp&d}.
bmthiswasmn:nmdinﬂ::dﬂarndu:ﬁunprmwilhm]mufdﬂl Also, a problem was




Would yoo recommend any design changes? None made by crew. Choice of adhesive for the beta
cloth cover for the radiator, or new radiator design, would be wise.

Were any special tools required?—The LRV was used 10 align the antenna during deployment.
Was the orientation of the experfment (Le, horizontabivertical) important? Diffftcutt? —The
transmitling antenna had one dipole oriented N-S, the other E-W. It was especially important that the
arms of the transmitting antenna were laid out straight and at right angles to each other for analysis of
the dats - s2e site selection,

Was the experiment successful 7—Partially,

Were there related experiments on other flights? Apollo? Other?—The Bistatic-Radar Investiga-
ten on A-14, 15, and 16, and the Lunar Sounder Experimoen: of A-17, all orbital radar mvestigations
and nt included in this database, were influenced by the dieleciric constant of the tegalith. The
Lunar Sounder Experiment pepetrated deeper into the subsurface than the SEP Exptriment.

Where was it siored during flight?—LM Quad III.

Were there any problems photographing the experiment?— No.

What pre-launch and crolse requirements were there? Power, thermal, late access, early
recovery?—None reporied.

What was different between truining and actoal EVAT—No comments by crew.

What problems were due to the snit rather than the experiment?—Ne comments by crew.
Any experiences inslde the LM of interest from the experiment/operations viewpointT—No,

Relerences:

A-17 Preliminary Science Report
Apollo 17 Mission Report

Apollo Scientfc Experiments Diata Handbook, JSC-09166, NASA TM X-58131, August 1974, in
ISC History Office

1d ¥ ¥ nt. It T s T e i - ||||| Y m‘lmﬂﬁ P

Apolle 17 Technical Crew Debricfing, 4 Janvary 1973, in JSC History Office

Apolle Program ﬁiﬁlr.m.'lmau.1-_1.ur Repomt, section 3.2.17, Surface Electrical Properties Experiment, JSC-
23, April 197

Apollo Stowage List - Apollo 17, MSC, 12 December 1972
Personal communication with Eric Jones, 3 Auvgust 1993
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Figure 36: The SEP transmitter as deployed near the Apollo 17 landing
site. Note the tape holding the solar panels open (AS-17-135-20543).

Figure 37: The SEP receiving antenna on the Apolle 17 LRY. Also
visible 1s the TGE, geological 1o0ols, and sampls return bag mounted on the
rear (AS-17-141-21511). Between the astronaot and the tools can be seen
a pallet of four explosive charges for the LSPE.
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Treoching—NA
Raking—NA
Drilling—NA

Navigating/recognizing landmarks— NA

Were there any hazards in the experiment, Le., bazardous materials (explosive, radivactive,
toxic), sharp objects, high voltages, masstve/bulky objects, iripping hazards, temperatures?——

existed before the mission about operating on the inner slope of the crater (Surveyor crater) S E
where 53 bad landed. A 10-m 1ether was provided in case stability was questionable. : ¥

Was lighting & problem?—No. : E
YWere the results visible to the crew!—Some discoloration was evident 1o the cTew, .

Would you recommend any design changes?—NA

Were any special tools required?-—A cutting tool was used 1o remove the TV camera and ubes. A
30-foot (S.1-m) tether was included in case the steepness of the slope made operntion difficult, but it
was nol needed. The crew recommended that a 100-foot {30-m)} tether would be ideal for determin-
mg whether or not a specific crater wall with steep sides was adequale for descent 1o obtain samples
inzide it. This was flown on A-13 and 14, b never used.

Was the orientation of the experiment (ie. barizontal/vertical) important? DHficult?—The space-
craft was on a 12° slope, but there was no feeling that it was likely to slide downhill nor was there a
problemn maintaining balance.

Wias the experiment succesful?— Yes.

Were there related cxperiments on other fights? Apolle? Other? —The TDS experiment consid- :
wndthud:gradmimmfthermﬂpmperﬁcsnfcmﬁngaaﬁ:rupumr:tnﬂmtunardust.Th:LDEF ! '
wis placed in low Earth orbit (LEO) for six years to mvestigate the effects of the LEO environment ; ' K
om varius materials. A “long-term surface exposure experiment” was begun on A-17. Selected :
hardware was photographically documented and left on the Moon during the mission. Samples of
similar material were set aside for long-term storage on Earth, to allow comparizon of the materials at o
some future time, The tong-term effect of the lunar environment on the materials thus can be evaly- 13
sted if the A-17 gite is revisited. The hardware comprised items which would be flown on A-17 any- i
wa:nwchuth:LEﬁanuinmLm:mhmrmrfmmlh:memniu.W.nmmnunimim; ;
tmit, and thermal blankets on the AESEP centrat station—— T o e e

Where was It stored during flight? NA

Were there any problems photographing the experinent?— Some shadows may have been a
problem.

What pre-launch and crulse requirements werr there? Power, thermal, late access, early ’
recovery?’—NA

What was different between trmining and actusl EVA?— The aluminum tbing scemed to be more :
brittle and easier to cut than the tubes used in trainirg. The insulation had become very hard and :
dry. b

What problens were due to the suit rather than the experiment?—No cormments by crew.
Any experiences ingide the LM of Interest from the txperiment/operations viewpoint?-- No,

By wrrk ey
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Experiment Operations During Apollo EVAs

Actonym: TDS Experiment: Thermal Degradation Sample
PLEngineer: Unknown Other Contacts: Unkmown

Apoilo Flight No.: 14 Discipline: Engineering-materials of censtruction
Weight: 180 g each array, x 2 Dimensions:

Muanufacturer: Probably JSC Apolle Expenimen: Mo.: None

Description/Purpose—To evaluate the effect of lunar dust on the optical properties {absorplivity and
G - emissivity) of 12 candidate thermal coatings. Two duplicate arrays, each containing samples of the
i 12 coatings, were taken to the Moon, After covering them with dust, one was tapped to remove the
dust and the other was cleaned with a nylon-bristle brush.

Unloading from the LM—It was stowed inside the LM in the interim stowage assembly in fronl of the
cenler instrument panel. It was brought o the surface in an ETB.

[l I

Transporting by foot or MET—Carried on the MET 1o the first peological station.
Loading/unloading teols/experiments on LRV—NA

Slte selection—Performed at the first geological station while the LMP performed the LPM experi-
ment.

Deploying experiment—On the SRC table of the MET.
Checkout of experiment—NA !

Operation of experiment—The CDR opened one array and placed it on the sample retumn container
table on the MET. He photographed it with the ALCC. He then scooped up some lunar material with
the smal} 5co00p and placed it on the array. He then shook off the dust and ook more pictures. He
then brugshed the arrzy with a nylon brush and again took photos. He folded and stowed this array.
After taking out the second TDS, be put soil on this ammay and again tapped it clean, and phiio-
graphed it. [t was not brushed clean. A scries of seven stereopairs of the arrays were obtained (using ;
the ALCC) for three conditions: when the arrays were pristine, when the arrays were dusted with f.
lunar soil, and after the Junar dust had been brushed o tapped off. The arrays were then packeged in .. i ﬁ
a closed, but not vacuum zealed, container (the hand tool carrier pouch) and returned to Earth. -
Shepard commented that he was surprised by the low adherence of the dust 1o the armay. 3

.1.|.'-

Repairs to experiment-—None required.

: Recovery/takedown of experiment—Once brushed off or 1apped clean, they were folded and pack- _
aged for return to Earth for extensive =valuation of their thermal properties. *

Stowing experiment for return—Placed in it bag, 'E
Loading/unloading samples on LRV—NA 1
L-oading of experiment/samples into the LM—No comments by crew. ]

Stowing of package once in the LM—Stowed in its bag in the interim stowage assembly over the
ascent siage engine cover.

Sampling operations (soil, rocks)—NA
Treachiog—NA

————_m R —
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Raking -NA
Drilling—NA
Navigating/recognizing lsndmarks—NA

Were there any hazerds in the experiment, L&, hazardous materials {explosive, radicactive,
toxke), sharp objects, high voltages, massive/bulky obfects, tripping hazards, temperatures?-——No.

Was lighting a problem?—NA

Were the results visible io the crew? —Yes.

Would you recommend any design changes?No.

Werr any special tools required? —ALCC, nylon-brisile brush, sampling scoop.

Was the orlentation of the experiment (i.c. borizontal/vertical) imporiant? Diffiealt?—No,
Wad the experfiment smuccessful?—Yes.

Were there related experiments on other flights? Apotlo? Other?—A-12 sampled parts of the
Surveyor 3 spacecraft after 31 months of exposure. LDEF was le® in Earth orbit for —1ix years 1o
derermine materials” ability to withstand the LEOY envircmument.

Where was it stored during Night?— Uncestain.

Were there any problema photographing the experiment?—Ng.

What pte-launch aod crulse reqoirements were there? Power, thermal, late access, early
recovery?—MNona,

What was different between training and sctual EVA?—No comments by crew.

Whﬂpruhlem:mduetnth:mhnthu-th:nﬂuupﬂhnmﬁ—-m astronants cowld have picked
upamﬂc:hargcwhﬂ:mE?Amdmsfmﬁdthiadmgemth:::nmiclu. This charge would
have attracted the dust It is unknown if this was a factor.

ADy expericnces inside the LM of interest from the experiment/operations viewpoint?—No.
References:
A-14 Preliminary Science Report, p 917244246~ -

5. JMEEMNES.MJI.,MMMEMMM&MAM
of Thermal Control Materials, AIAA paper 71-459, ALAA Gth Thermophysics Conference,
Tullahoma, TN, April 26-28, 1971

Apolio 14 Final Lunar Surface Procedures, J5C, December 31, 1970

Apolle 14 Technical Crew Debriefing, 17 February 1971, in the ISC History Office
Apollo Stowage List - Apollo 14, MSC, 9 February i971
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5 Figurc 39: Panels 1 to 6 of TDS 10(02 covered with soit (AS14-77.-10362). This S

> photo was taken with the Apollo Lunar Closeup Camera,
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Part II: Experiment Operations at Microgravity
" - During Apolio Trans-Lunar and Trans-Earth Coasts

Elu:tmphmislkrrmm,ﬂpaﬂn 16 . :
Heat Flow and Convection Demonstration, Apollo 14 | ::
: Heat Flow mdﬂnnvmﬁmﬂnnmsuaﬁmﬁponu 17 '
o Liquid Transfer Demonstration, Apoilo 14
<
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Experiment Operation During Apollo IVA at Zero-g

Actonym® Experiment: Compaosite Casting Demonstration
Pl/Engineer: I C. Yates, Jr. Cnher Contacts:
Apollo Flight No.: 14 Dhscipline: Materials Science - Composites [266()
Weight: 3.5 kg Dimensions: Roughly 10 x 10 x 21 cm
Manufacturer: Process Engineering Lah, Apolle Experiment No.: Nope

Marzhall SFC

Description/Purpose—The apparatus consisted of an elecrical heater, 2 storage box for the heater
which also served as a heat sink for cooling the samples 10 touch temperature before removal, and 18
samples contained in hermetically scaled metal capsules. A beta cloth bag resembling a cartridge belt
was used to stare the sample capsnies.

Eleven samples of various immiscibie compositions were heated, mixed by shaking {some had
been premixed), and allowsd 10 solidify by cooling in 0-g. Specimens were processed in a smuall
heating chamber (figure 5-4 in Mission Report) and returned for examination and testing. Lab
analysis, including X-ray, indicated that mare homogensous mixing was achieved than is possible
with similar samples on Earth.

Site selection—The experiment was mounted in the docking tunnel via a spring during operation.

Deploying experiment—The experiment was deployed by opening its storage box, antaching a power
cable, mounting the unit m the docking runnel with a spring, and installing an eatracior pin.

Checkont of experiment—NA

the heater, heating for a prescribed time to melt the contents of the capsule, shaking in some cases to
mix the matenials, and cooling by placing the hearer and capsule onto the hear sink. The right half of
the storage box was 8 magsive section of aluminum with an integrally machined heat sink pin which
made contact with the specimen capsule.

The vnit was plugged inta the 28-VDC utility recepracle using the Data Acquisition Camera
(DAC) power cable, and a switch on the panel was used 10 tom the heater on and off. The shaking

procedure, when required, involved bumping each end of the heater against the heel of the hand four

the heater axiafly 10 times, oscillating in a rotary motion 15 times; and finishing by oscillating 10

No problems with the equipment or procedures were noted. The CSM needed to be out of the
passive thermal control (barbecue) mode in order 1o perform this demonstration. Only 11 of 18
samples were completed because there was not sufficient lime while out of this mode. The last sample
had a few small RCS firings about haifway through the cooling cycle.

Repairs to experiment—Sample 10 was heated at least twice because RCS firings occurred during the
first coolmg cyele. Several RCS firings oecnrred at ~15 minutes into the: cooling cyele on sample 12,
but mission constraints prevented reheating.

Recoveryftukedown of experiment—No comments by crew.
Stowing experiment for return-—Nao comments by crew.
Stowing of package once in the LM—NA

Sampling operations {soil, rocks)—NA
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Were there any bazards in the experiment, i.e., hazardous materialy (cxplosive, radioactive,
toxlc), sharp objects, high voltages, massive/bulky objects, tripplug hazerds, temperatures?—The
cxpenment design was dictated by maximum touch temperature, toxicity, flammability, and other
safety factors in addition 1o the standard mass, etc. The materials used were not thaz useful tkem-
selves, but were intended to model the reduced gravity effects which would be expecied to occur in
other more direcily useful materials. Redundant thermal switches were installed to ensure that the
outside surfaces of the heater did not exceed 40* C.

Was lighting a problem?-—No,

Were the results vistble to the crew?—Nc,

Would you recommend any design changes?—No comments by crew.

Were any special tools required?—An extractor pin was used 1o remove speciumens from the heater.
¥as the orientatlon of the experiment (i.e. horizontal/vertical) important? Difficult?—NA

Was the experiment successful?—Yes. Qualitative results in a very limited range of materials and B
under processing conditions that were not instrumented or closely controlled were obtained, '

F Were there related experiments on other flights? Apolio? Other?—See Skylab and Shuttle :
: database. This experiment was scheduled 1o fly again on A-15 but was canceled due 10 a hardwars '
s malfunction. {

) Where was it stored during Ripht?—Storage lockers listed for timer - AS, power cable - B3, speci-
A men and heater box - AR,

1 Were there any problems photographing the experiment?—Not attempied since capsules were not
N transparent.

What pre-launch and cruise requiremenis were there? Fower, thermal, lnte ncoess, early
recovery?—None reported.

What was different between training and actual operation?—No comments by crew.

Any experiences intide the CM of interest from the experiment/operations viewpolnt?—
Performed on trans-lunar and TEC (TEC with live color wel=vision Juring a press conference).

SR memtecma s e e o 2

"A-I‘lh[uﬁmrm : . e b d—— A e n i . T e L .

TM X-64641, “Apallc 14 Composite Casting Demonstration Final Repon,” 1. C. Yates, Ir..
October, 1971

| Apollo Program Summary Report, section 3.6, Inflight Demonstrations, JSC-09423, April 1975
E gl Apelle 14 Technical Crew Debriefing 17 February 1971, in the JSC History Office ‘B
i Apolio Stowage List - Apollo 14, MSC, 9 February 1971




Experiment Operation During Apollo IVA at Zero-g

Acrenym: None Experiment: Electrophoresia or Electrophoretic
Separation
PliEogineer: R. N. Grifin/GE Cther Contacts: E C. McKannan/MSEC
L. B. McCreight/GE A. C. Krupnick/MSFC

Apaollo Flight No.: 14 Diseipline: Materials seience - grganics/proteins (26803
Weight: 23 kg Dimensions: 10x 12.7 x I8 om
Manufactarer: Marshall SFC Apolle Experiment No.: None

{Possibly with General

Electric)

Dmriplium"l"urpou-—h]any organic molecules, when placed in water solutions, will migrate if an
clectric ficld is applied. Molecules of different substances move at different speeds: thus, they will
separate. Gravity and thermal convection 1end 10 diminish this separation if solution density changes
Upon concentration of these species. A small unit was used to demomstrate the separalions obtained
with thres sample mixtures having widely different molecular weights: 1) a mix of red and blue or-

The experiment consisted of four subsysterns.  Firsi, a metal case for safety and containment with
a window -5 x 7.6 cm. Secomd, a pump to circulare the electrolytic fluid {tha: which flowed over the
electrodes - pot the Auid in which the separation accitired since il was a stanic separation), a fluores-
cem light for viewing the action in the whes, and 1 voltage doublerfrectifier. Third, the electrophore-
sis cells were in & polycarbonate block, 12.7 x 7.6 x 1.27 e with three holes drilled through ihe long
dimnuiunmmvideﬂwﬂ.ﬁlmn-dhmﬂﬂtmmhu+ The fluid in the cells did not Aow and was
enclosed at the ends by cellulose membranes with a pore size of 4 10 5 microns, Hence, the elec-

Deploying experiment—No comments by crew,
Checkout of experiment—No comments by crew.

fectively (due 10 injection probiems caused by the slide valve) to permit good separation, cansing the
dyes to streak. The hemoglobin and DNA samples did not separate because they contained bacteria
that consumed the organic melecules POIOT 10 activation of the apparatys.
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Repairs to experiment—None attempied.

Recavery/takedown of experiment—The apparatus was returned after 60 days of quarantine at the
lumar receiving lab. The photos were obtained shertly afier splashdown.

Stowing experiment for returo—No comments by crew,

Loadingfonlosding samples—The samples were injected into the tubes through a slide valve, It did
nol operate properly and the samples were placed in a region of maximum electro-osmotic shear,
which degraded the separatiom.

Sampling operntions—NA

Were there any hazards in the experiment, L., hazardous materials {explosive, radionctive,
toxic), sharp objects, high voltages, massive/bulky objects, tripplng hazards, lemperatures?—The
clectncal system produced 270 VDUC for 1the electrodes for separation. The crew was protecied from
this.

Was lghting & problemn? No.
Were the resuls vigdhle to the erew?—Yex

Would you recommend any design chanpes? —The shide vaive, allowing for the release of the sam-
ples, did not fully open due to misalignment berween the cell block and the case. This was correcied
tor A-16. A means of measuring the distance of the camera 10 the experiment might have helped the
focus. Au'ipndwuldd:dmﬂ:cﬁ-lﬁunjlmﬂlnwﬂucnmmb:heldnmrcst:udilymﬂatn
Fixed distance and two M-21 Hasselblad Jens extension mbes were included o take close-up picturex
with the correct range and focus. The window was enlarged so that the electrodes could also be seen.
Time, tergpersture and current measurement capabitities were also added and were visible in the win-
dow for A-16. Markings 1 cm apart were added o the mebes for aid in measurements, The anode
was dentified by yetlow pamit. Nondegradable samples (polystyrene spheres) were used for A-16.

Were any special tools reqeired? —Camery for filming.
Was the orientation of the experiment (Le. horizontal/vertical) important? Difficult?—No.

Was the experiment successfial?—The red and blue dyes did separate, but the DNA and hemoglobin
was not verificd to be separated. Bacterial contamination followed by digestion of the material was
suspected.  Nevertheless, the dye separation successfully demonsirated the process,

Were there related experiments on other flights?-— Apclic 16, Skylab, Shuttle middeck electzopho-
resis operations in space (EOS), Spacelab(?).... . . e e mm et e

-y

- ———

-

Where was it stoved during Might?—CM aft bulkhead locker AS.

Were there any problems phetographing the experiment?—MNo, but some of the photos were put of
focus. The experiment was performed om TEC with live eolor television during a press conference.
I was also filmed.

What pre-launch and crufsr requirements were there? FPower, thermal, lnte sccens, early
recovery?—The photos were recovered upon splashdown, The apparatus jtself had to go through
the Lunar Receiving Lab quarantine. The unit might have performed betier if last minute leading of
the electratytic fluids and samples, to minimize the opportunity for bactesial growah, had been
possible.

mmdﬂfumlbetmhﬂnin;gmdlﬂnﬂminn?—ﬂnmmnmuhfmm

Any expericnces inside the CM of interest from the experiment/operations viewpolnt?—No
comments by crew.
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Relerences:

LT N

A-14 Mission Report ;
A-16 Mizsion Report :
NASA TM X-64611, Electrophoresis Separation in Space - Apollo b4, 1971

Apollo Program Summary Report, section 3.6, Inflight Demonsirations, JSC-09423, April 1975
Apolio 14 Tecimical Crew Debriefing 17 February 1971, in the JSC History Office

Apollo Stowage List - Apollo 14, MSC, 9 February 1971
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Experiment Operation During Apollo IVA at Zero-g

Acromym: None Experiment: Electrophoresls or Electrophoretic
Separation
PLEngineer: Richard N. Grffin/MSFC Onher Contaces: R. S. SnyderMSFC
Apcllo Flight Ne.. 16 Diseipline: Materials science - organics/
profeins (2680)
Weight: 3.4 kg Dimensions: 10x 12.7 x 18 cm
Manufacturer: General Electric Apolle Experiment No.: None

{with Marshall S5FC)

Description/Purpose—The A-16 experiment demonstrated the tlecirophoresis of large, dense, non-
biological particles in order to evaluate the potential for separation of biological panicles such as liv-
ing cells. The apparams coatained three separation columns: one column containing a mixture of
manc-disperse polystyrene latex particles of 0.2-and 0.8-micron diameter and, in the other two
columns, particles of each diameter were run separately Lo provide comparative data. The apparatus
had the same dimensions and comparable weight as the A-14 unit, but several modifications were
made o obiain more data. The particles were retained at the membrane closest 10 the cathede by a
Kapton film. The disk-shaped sample containers had a smalier diameter than the tubes 50 that the
mitial msertion of the particles and subsequent electrophoresis would 1ake place down the center of

the cells and away from the walls. Photographs were taken every 20 seconds dunng the separation
rum.

Site selection—NA
Deploying experiment—Cn one of the stowage lockers.

Checkoot of experiment—As soon as the command module pilot (CMP), T.K. Mattingly, pulled the

closing Mylar out of the way with the knob he gol "a spurt of stuff that came cut and hit on the face
of the glass on the box."

Operation of experiment—Prerformed by the CMP. One hour was planned, bur it was run three times

in ~30 minutes. The CMP tappe] and shook the unit 1o ity o displace some bubbies, then had 10

wail for it 1o sentle down. They gid not move, The Kapton film was slowly pulled across the sampie/
buffer mterface mmmyﬁﬁmmmmhrmm BECS ’
onds. The A-16 ymit also had a reversa) switch which would reverse the polarity of the voltage. On
A-16, the CMF made extensive observations and transmitted them 1o the ground (transecript in TH
X-64724) The rest was similar to the operation of the A-14 experiment.

Repairs to experiment—MNone required. Some taps on the unit were needed to displace bubbles.
Recovery/takeduwn of experiment—No comments by crew.

Stowing experiment for tetmrn—The apparatus was jettisoned in the LM so that additional storage
could be provided in the CM for lunar material.

Loading/unloading samples—The samples were released bry sliding a2 membrane.

Were there any bazards in the experiment, i.e., hazsrdons materials (explosive, radioactive,
toxic), tharp objects, high voltages, massive/bulky ohjects, tripping hazards, temperatures? The
electrical system produced 300 VDC for the electrodes for separation. The crew was protecied from
this. The entire unit consumed 32 W of power.

Was lighting a problem?—Ng.
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Were the resulis visible to the crew?—Yes.

Would you recommend any deslgn changes?—Many werc made from the A-14 experiment {see
previous axperiment).

Were any special fools required? —Camera and tripod, included.
Was the orientation of the experiment (Le. horizontalivertical) important? DIMeult?—No.
Was the experiment successful?— Yes,

Were there related experiments on other flighta?—Apollo 14, Skylab, Shuntle middeck (EQS),
Spacelab(?).

Where was it stored during flight > —Uncertain.

Were there any problems photographing the experiment?—MNe.

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?!—None reported.

What was differeat between training and sctual operation?—Seme bubbles were present in the
tubes which expanded during flight due to the Jower pressure in the OM,

Any cxperiences inside the CM of interest from the experiment/operations vewpoint?—Performed
on trans-lunar coast the day afier launch. The apparatus was then jettisoned along with the LM so
that additional storape could be provided in the CM for lunar material.

Relerences:

A-16 Missien Report
NASA TM X-64724, Electrophoresis Separation in Space - Apollo 16, 1572

Apollo Program Summary Report, section 3.6. Inflight Demonstrations, JSC-09423, April 1975
Apollo 16 Techniral Crew Debriefing, 5 May 1972, in 15C Histary Office
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Figure 40: Electrophoresis demonstration - left side view.

il e —— " —
a

L
I il *
.. - - th . - I. '..




TN TR —ee - -

R PR
L)

. 'm LN H".".“"’-ﬂﬂi.r




Experiment Operation During Apollo TVA at Zero-g

Acronym: HFC Expenment: Heat Flow and Convection
Pl/Engineer: Tommy C. BannisterfMSFC Other Contacts:
Apoilo Flight No.: 14 Discipline: Fluid Dynamics {1700)
Materials Science - Fluids (2610)

Weight: 3.2 kg Dimensions: 23 x 23 x 9.6 ¢m
Manufactorer: Marshall SFC Apollo Experiment No.: None

(with Lockbeed Mixsiles

and Space Co. N

Description/Purpose  Three different types of test cells-—radial, flow panemn, and zone—were used
10 detect convection directly, or detect convective effects by measurement of hear flow rates in fluids.
Each cell contained a smul] electric heater, powered by the spacecrafi 28-VDC system, Seven tests
were made, cach requiring 10 10 15 min. The data was recorded by the 16-mm DAC. The heat flow
rales were visually displayed by color-sensitive, liquid crystal thermal strips and the color changes
filmed with the DAC. It was demonsirated that surface tension can produce Benard cells in a Liguid,
independently of gravity-induced convection. Zome heating of liquid samples produced an unex-
pected cyclic heat-flow panem. See figure 5-3 in Mission Report for photo.

The radial cell was a circular cell filled with CO; used 1o test radial heat flow, The cell, a cylindn-
cal dish with a small heater in the center, was covered by a plastic film coated with a liquid erystal thar
indicated 1he temperature changes.

The flow patiern cell was designed 10 test the convective flow panern induecerdt ii: an o1l layer by
thermai changes in surface tension. It was a shallow aluminum dish which was wuformly heated
from the bottom. Thin layers of Krytox ( ining aluminion flakes for visibility) were open to the
spacecrafl atmosphere and were thys enconfined.

The zone cells were composad of twa ransparent cylinders with heaters in the centar. One con-
tained water and the other a sugar solution. Liquid crystal sivips located slong the central axis of

signifying hem flow.

Site selection—In the Jower equipment bay during operation.

Dreploying experiment —The box had two doors which opened. The DAC was attached via a short
rod.

Checkout of experiment—No comments by crew.

Operation of exprriment—No operations document was found, but the experiment drawing shows an
onfoff switch, a cell selecior/heater Jevel select switch, and some knobs for the introduction and re-
moval of the Krytox cil. Seven experiments were performed, each requiring 10 to 15 minutes. The
cr:wmmmmtudtha:th:pmmdumsmduquipm:mwmmgmdahap:mdthat it was casy to
accomplish the experiment.

Repatrs to experiment—When filling the cup with Krytox fluid it did not flow evenly over the bot-
tom. Thcmwn;ndafmgcrmtrympushﬂmﬂuidmﬂubuuﬂm,nvmuuhcnﬁng ¢lement, and
some of 1t did stay, but they never visually saw Benard cells as they expected.

Recovery/takedown of experiment—No comments by crew.
Stowing experiment for retwrn—No comments by crew.
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Leadingfunloading samples—Krytox was added 10 the flow pattern cell from a reservoir by tuming a
knob.

Were there any hazards In the experiment, i.e_, hazardous materials (exploslve, radioactive,
toxle), sharp objects, high voltages, massive/bulky ob)ects, tripping hazards, temperatures?—Ng.

Was lighting s problem?—No.

Were the results visible (o the crew?—Yes.

Woold you recommend any design chanpes?  The experiment flew again on A-17.
Were any special tosls required?—The 16 mun DAC was used.

Was the orientation of the experiment {i.e, horizontalivertical important? DIfficylt?
Was the experiment spccessful?—Yes,

Were there related experiments on other flights’—A-16. See Skylab, Shoule, Spacelab databases,
Where was it stored durfng flight?—CM aft bulkhead storage locker AR,

Were there any problems photopraphing the experiment? —No.

What pre-launch and cruse requiremsents were there? Power, thermal, late access, early
recovery?—NMNone reported.

What was different between training sand actual operation?—Me comments by crew.

Any experiences inside the CM of interest from the experiment/operations viewpoint?-— Performed
on TEC with live color television during a press confercnce, It was also filmed.

Nao.

References:

A-14 Mission Report
NAZA TM X-64735, Heat Flow and Convection Demonstration (Apollo 14), 1973

Apollo Program Summary Report, section 3.6, Inflight Demonstratiens, JSC-09423, April 1975
Apollc 14 Technical Crew Debriefing 17 February 1971, in the JSC History Oifice
Am!h Smwng: Lm_'ﬁ: 14: . ".gu"‘hl'---ﬁhﬂfﬁi. R T . [

e B, BT e e s e




Experiment Operation During Apollo IVA at Zero-g

Acronym: HFC Expeniment: Heat Flow and Convection
PLEngineer: T. C. Bannister/MSFC Other Comtacts: B, R. Facemire/MSFC
Apallo Flight No.: 17 Discipline: Fluid Drynamics ¢1700)

Materials Science - Fluids (26103
Weight: 3.2 kp Dimensions: 23 x 23 x 9.6 ¢m
Manufacturer: Marshall 8FC Apollo Experiment No.: Nope
Description/Purpose—This was a modified version of the A-14 demonstration and contained thres

separale experimental tests. Data was obtained with the DAC and from crew observations, both of
which were of excelient quality.
The first test was a flow pattemn experiment 1o mvestigate convection caused by surface tension
gradients. The gradients result from heating a thin layer of liquid which generates celiular patterns
known as Benard Cells. The apparatus consisted of an open aluminum pan ~7 em in diameter with
clectrical beaters attached to the bottors. There was no cover, thus an airfliquid interface existed. The
liquid was Krytox o3l with ~0.2% fine Al powder added for visibility, and the solution was released
into the pan by a valve and pump arrangement.  Baffles around the inside periphery of the pan
maintained the liquid level at 2 mmd 4 mm in depth. The baffles were redesigned after the A-14 mis-
5100 o ensore an even layer of oil across the bottom of the pan. On the A-14 demonstation, e
fluid tended to adhere to the walls of the pan. Om the A-17 demonstration, the test was conancted
twice, once with a 2-mm fluid-depth, and once with a d-mm depth.
The fluid contained bubbles which were not easily dissipated by stiming. At the 7 -rum depth,
onset of canvection occurred within a few seconds of heat application, whereas, on Earth, the average
onset time was ~5 minutex. The fluid was contained by the baffles around the penphery and asspmed
2 convex shape, similer to & perfect lens. The surface was observed 1o be free of ripples and distor-
tion, and the center thickness was about twice the baffle height of 2 mm.
The Benard cells formed in the 2-mm depth were less orderty and symmetrical than the ground-
based patterns and they reached a sicady stale in ~7 minutes. Cells formed in the demm tesl were
more: regular and lerger than those in the 2-mm test, but the ceils did not reach a steady-state condi-
tion during the 10-minute heating period.
Th-:radja]hmﬁngc:]lwumi:w:sﬁgamh:atﬂuwmdmnvmtiunhiamnf‘uwdgumlnwg L
-- comditions. - The-experiment consisted of a cylinder which contained argon, and was -6 cm in diame-
ter and 2 em in length. The initial internal pressurc was ~1 atmosphere. Heat was applied by a post
heater mounted in the center of the ceil, Temperature changes and dismribution were monitared by o
liquid crysial strips which changed color as the temperature changed. Color changes indicated

g The demonstration consisted of a cyiindrical glass container ~3 cm in diameter and 9 ¢cm long,
containing Kryiox oil. A disc-shaped heater was located at one end of the cylinder and the tempera-
ture changes were monitored by liquid crystal sttips. The cell also contained a few mapnesium parti-
cles to aid visibility. Color changes indicated proper operation.

Site selection—Uncertain, probably in docking mmnel or lower equipment bay of CM.
Deploying experiment—No comments by crew. The box had two doors which opencd.
Checkont of experiment—No comments by crow,

Operation of experiment—During the trans-lunar coast. The first of two 40-minute demos was I
begun at 00:33 GMT on 12/%9/72. The second was begun 2 hours 20 minutes later. The pan was
filled with ail by tuming a kngb a prescribed mumber of tems, Because of the presence of bubbles,
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additional oil had 1o be transferred by tuming the knob more. This may have overfilled the pan and
formed a convex surface. As a result, fluid depth was not welt known,

Repairs to experiment—None required, but see operation, above.
Recovery/takedown of experiment—No comments by crew.
Stowing experiment for return—No comments by crew.

Loading of experiment/saroples in the CM—The pan was filled with oil by tuming a kneb a
prescriged number of wms.

Sampling operations—NA

Were there any hazards in the experiment, Le., hazardous materials {explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazerds, temperaturesT-—No.

Was lighting & problem?—No.
Were the results vigble to the crew?—Yes.

Would you recommend any design changes?—Some changes were made from the A-14 model to
this unit, as described above.

Were any special tools required?—DAC,

Was the orientation of the experiment (Le. borizontalivertical) important? Dilficult?—Between the
Two runs, the experiduent was reoriented 5o that the radial experiment would point perpendicular 1o
the CM spacecraft x-axis rather than parallel to it. This should not have made much of a difference,
in any case,

Was the experiment successfl?—Yes,

Were there related experiments on other flights? Apollo 14. Other?—5ee Skylab, Shuttle, and
Spacelab databaxes,

Where was it stored during flight?— CM stowage, uncertain,

Were there any problems photographing the experiment?—No.

What pre-launch and cruise requirements were there? Power, thermal, late access, carly
recovery?’—No comments by crew.

wnuwumﬁmmmmmm?—mmmmﬂmﬂum;ﬂm
i which 1 problems with the experfimeat—— = - - - - ;

Aoy experiences inside the CM of interest from the experimentioperations viewpoint?—Performed
on trans-lunar coast by Ron Evans. The mass of the A-17 crafi, mere fully foeled and with the LM
atiached, washighm‘ﬂmnthemuf:h:h~l4n:ﬂduﬂngthﬂ:up:ratinn of the experimert on that
mission (during TEC without the LM). The g-jitter might thus have been lower.

o e TR J

References:

The Apollo Spacecrafi - A Chronology, NASA SP-4009, Vol. 4, p. 358

Apollo 17 Heat Flow and Convection Experiments-Final Data Analyses Results, NASA TM X-64777
Heat Flow and Convection Experiments Aboard Apello 17, Science, vol. 187, 1975, pp. 165-167
Apolio Program Summary Report, section 3.6, Inflight Demonstrations, JSC-00423, April 1975
Apolle 17 Technical Crew Debriefing, 4 January 1973, in J5C History Office
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Experiment Operation During Apollo IVA at Zero-g

Acronym: None Experiment:  Light Flashes Experiment
(ALFMED) {Apollo Light Flash Moving Emuision
Detector)
Pl{Engincer: Richerd B. Benson/1SC Other Contacts: Lawrence S, Pinsky/75C

W. Zachary Osbom/Univ. of Houston
J. Vernon Bailey/ISC

Apollo Flight Ne.: 11, 12, 14, 15, 16, 17 Discipline: Life Sciences {25003,
Animal Biology/Medical - Eyes (2533),
Cosmic Radiation (2900)

Weight: 1.5 kg - ALFMED Dimensions:
Manofacturer: Uncerain Apollo Experiment No.: NA

thal Cerenkoy radiation from energetic cosmic rays traversing the cyeball, which had been the most
widely accepted explanation for the light flashes, probably did not cause all or most of the Nashes
because light from this source is quite faint. Some of the flashes observed in space may be caused by
direct jonization interactions of cosmic rays with the retina.

ﬂ:ﬁlﬂu{EDmm:lawwmmin]d:ﬁmtmiadmAJﬁ&l?muwuwnmmumh:ad
somewhar like a belmet and suppertad cosmic-radiation-sensitive emulsions around the head of the
test subjpect, A:ﬁyﬁntrmrdwupmvidadufmnitnypmiclﬂlhupuud through the emulsion
and, m turn, throogh the head. A fixed vs. moving emulsion comparisen allowed time resolution to 1
second.

Slte selection—In the CM during coast periods. Casual observations from the LM were also made,
Deploying experiment—The ALFMED unit was donned Jike a helmet with a face shield.

<onducted. one each during trans-hmar coasts and TECS, ALFMED was womn in the first session
only, eye shades were used for the second. The obscrvation of flashes was reported to Mission

than TEC. thagrapdryufth:hndmnﬂhmb:fmmduﬂnﬂighmvﬂjadnu&mhh
chanpes. T‘I:mC!u!Pncnruwm]rﬂuhururﬂh:mﬁmﬂigluufﬁ-lﬁ.hﬂitiawmumuﬁngﬂmh:
has poor night vision.

Rejprairs to experiment—NA
Recovery/takedown of experiment—NA
Stowing experiment for retarn— NA

ST 153

R t1:Y PRECEDING PAGE PLANX NOT FN.MoD




Were there any hazards in the experiment, ie., hazardous materials {explogive, radicactive,
toxic), sharp abjects, high voltages, massive'bulky objects, ripplog herards, ternperatures?—No.

Was lighting a problem?—Dark adzptation may have affected the resylts.
Were the results visible to the erew?—Yes, by definition,
Would you recommend any design changes?—No comments by crew.

observation perind and reported the flashes to Mission Control as they occurred, A-15 crewmembers
were the first 10 have special light-tight eye shades to provide a uniform and reproducible degree of
darkness. A-16 & 17 crewmembers wore special ALFMED headgear designed to document the
passage of cosmic rays.

Was the orientation of the experiment (i.e. horizontalivertical) important? Difficult?-—Ng.
Wis the experiment successful?— Yes,

Were there related experiments on other Mights? Apollo? Other?-—Lab studies with humans
exposed to X-rays and several types of particuizte radiation have becn done and show that similar
light-flash sensationx are pbserved.

Where was it stored during Might? —CM aft bulkhead Jocker A8 (for A-16).

Were there any problems Photographing the experiment?—The emulsions recorded the passage of
the cosmic rays through the film, Since one moved relative to another, eoincidence of 1wo tracks by
alignment of the plates defined the time of passage. This was correlated with the fimes of the ohger-
varons of the crew to Mission Coaol,

What pre-lsunch and crulse requirements were there? Pawer, thermal, late access, early
recoveryt—None.

What was different between training and sctual operatlon?—No comments by crew,
Any experlences inside the CM of Interest from the experiment/operations viewpgini? —Na,

References:

_—ry - [

i .
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Frehminary Science Reports " o
Apollc light flash investigations, in “Biomedical Results of Apollo,” pp 355 - 365, NASA, Osborne,
W.Z, Pinsky, L. 5., Bajley, J. ¥,

Apolle Program Surmmary Report, section 8.2.2.2, ¥isual light flash phenomenon, JSC-09423, April
1975

Apello 16 Technical Crew Debriefing, 5 May 1972, in JSC History Office
Apolio Siowage List - Apolle 16, MSC, 18 April 1972

Memorandum to Mansger, Apollo Spacecraft Program, from Director of Medical Research and
Operations, re Visual Light Flash Phenomenon - Apollo 15 DTO Assessment Report, 18 October
1971, in JSC History Office
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Figure 43: Interior view of ALFMED device {(S5-71-39590).
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Figurc 4. The ALFMED device as worn duning light flashes investigation (5-71-1039]).
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Experiment Operation During Apollo IVA ai Zero-g

Aconym: LTD Experiment: Ligoid Transfer Demonsiration

FlfEngineer: Kaleel L. Abdalla/LeRC Other Contacts:  Edward W. Otto, Eugene P. Symons,
Donald A. Petrash/LeRC

Apollo Flight No.; 14 Duscipline: Fluid Dynamics (1700}

Fluid Management (1710}
Matenials Science - Fluids (2610}

Weight: 4.1 kg Dimensions: 25 x 15 x 3 cm (est.)
Manufactorer: Lewis RC Apolle Experiment No.: None

Description/Purpose—The demonstration had two sets of tanks, one set containing baffles and the
other without baffles, The unit was ~ 25 cm x 15 cm x 3 cm (estimated from photo}, plus a small
hand purip and 2 plastic tubes, The tanks were 10.16 cm in diameter, and the flat faces were sep-
arated by 635 cm. Each tank contained two ports positioned 180° apart. The flat sides were clear
for photographic purposes. The side which faced the light was frosted for diffuse liphting. The
purnp was a screw-driven piston providing a positive pressure on one side while creating a suction on
the other side. 1t could be operated in either direction. By attaching mbing to the vent of each 1ank,
the system became closed. The tubing, sized for friction fit over pump and tank poTt CoOnneclions,
could be easily swirched to permit pumping between the baffled tank set or between the plain 1ank
scl.

Transfer of hquid between the unbaffied tanks was unsuccessful, as expected.  DHfferenr flow rates
were obtained by different crank speeds on the pump. Transfer between the baffled tanks demon-
strated the effectivencss of two different baffle designs. The liquid wansfer demonstration clearly
showed that suitable baffles inside a tank at zero-g permit positive expulsion of liquid contents, taking
advantage of the surface-tension propertics of the lquid. Orderly inflow into the receiver 1ank with
no liguid loss through the gas vent was also successful.

Site selection—Unclear, probably on stowage lockers.
Deploying experiment—No comments by crew.
Checkout of experiment—No comments by crew.

ﬂw.ﬁuﬂumhﬂnnmhdmpmmunﬁquﬂﬁmmm:nmunﬂmﬁﬂu
small hand-cranked pump. Another photographed the tanks either with a motion picture sequence
camera or with the onboard video camera. They did the experiment a1 least twice. The first time was
on television.  During filming with the camera, there were more bubbles present than the first time.

Repairs to experiment—None requiced.

Recoveryftakedown of experiment—No comments by crew.

Stowing experiment for return— NA

Loading/unloading samples—Samples were pumped using a hand crank pump.
Sampling operations—Nene,

Were there any hazards in the experiment, i.e,, hazardous materials {explosive, radioactive,
toxic), sharp objects, high veltages, massive/bulky objects, tripping hazards, temperatures?— All
external plastic surfaces were covered with laminated safety glass and an overlay of thin fluoro-
plasnc to ensure maximum crew safety, The liquid used in the tanks was an inert fluorochemical,
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perfluoromibutylamine. Is propemties simulated the contact angle of most propellants on typical
spacecraft materials,

Was lighting a problem?— A lighting frame, containing six incandescent lamps utilizing spacecrafi
power, was provided for photographic purposes,

Were the results visible 1o the crew?—Yes,

Would yon recommend any design changes? —No comments by crew.

Were any special 100ls reguired?—-No.

Was the orlentation of the experiment (i.e. borizontal/vertical) Important? Difficulit?—No.
Was the experiment successful?— Yes

Were there related experiments on other Nights? Apolle? Other?—STS-53 petformed the Fluid
Acquisition and Resupply Equipment (FARE) experiment which moved fluids from one tarnX to
another in zero g. A successor 1o this flew on STS-57.

Where was it stored during Might?— Afi bulkhesd lockers AB and A10.

What pre-launch and crubse requirements were there? Power, thermal, late access, earky
recovery?—None noted.

What was different between trainiog and actual eperation?—No comments by crew.

Any experiences inside the CM of interest from the experiment/operstions viewpoint?—
Performed on TEC with live color television during a press conference. 1t was ziso filmed and

photographed. A picture of the apparatus is in the Mission Report as figure 5-2.
References:

A-14 Mission Report

NASA TM X-2410, Liquid Transfer Demonstration On Board Apolle 14 During Trans-Earth Coast,
1971

Apollo Program Summary Report, section 3.6, Infiight Demonstrations, JSC-09423, April 1975
Apoilo 14 Technical Crew Debriefing, 17 Febrvary 1971, in the ISC History Odffice
Apolle Stowage List - Apollo 14, MSC, 9 February 1971
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Part 171]: Summary of Lessons Learned and
Guidelines for Future Experiments

The major question for planning eperations on the lunar surface invalves deciding which experi.
menis or asks will be performed. Comments regarding overplanning of the Apollo timelines ang
having little lime to explore and think while performing an EVA arc certainly ones that have been
voiced by the crews and some of the PIs of the era. but it is & complex question that mus he traded
off aganst what one would have been willing o forego in order to do moye “thinking ang explor-
ing.” How do we measyre the improvemen: in sample selection s, 3 ETeater number of samples, an
inereased number of Measurements, or an improved deployment of an instrumen? How many sam.-
Ples are we willing to give up? How much poorer z documentation of the samples? lHow many fewer
Magretiomeler or gravimerer measurements? Each discipline would have a differcnt ser of &ns wers,

The Apolle traverse Planners tried 1o take these considerstions into Account by providing some time
at mosi of the siations for general observations and descriptions, ang by Irying to armive ai an overall
SCience consensus before the mission via the Science Working Panel, a5 10 what was a reasonable pal.
ance of nme allocations among the various 2Xperiments. Cenainly, in the early missions the EVA
limelines were scheduled very tightly. In the later J missions, however, more EV A time, better train-
ing, and an cmphasis on expleration resulted in a more relaxed appreach o the field gealopy exper-
iment, It is ~ucstionable whether Apolle would be done any differcnily 1oday if we were oomng back
10 the Moon with the same Constraints on time available at g Biven site. When we hgve 4 ptrmancnt
cutpost and an OpPpOTUNIY o have longer visits to an areq, this approach may change, It must be
realized, however, that this will nor happen even in the first few ¥ears of an outpost. The number of

time. Also, Apollo had months t¢ plan and train for each mission. Similar Earth support for an
equivalent effor when EVAs happen daily is prabably not realistic, sq more “local™ planning may
be cssential. Add o this the consensus realized duning Skylabr 4. and practiced during Shurtle mis-
SWns foday. that some crew Aulonomy is necessary, and it js likely that an approach to the desired
“thinking and exploring time™ may result, even if some joss of efficiency also arises.

Many of the problems deay with on the lunar surfacc arose from just a few povel conditions thag
manifested thermeives in various Rasty forms. Low gravity caused cables to stick up and Eel caught
on feet, and also made It casy for INSiruments o Lp over. Dhust was 3 constant problem and causegd
abraston, visibiiity, and thermal control difficulties, Uperating in a pressure suj limited a person’s
ACH¥ily. especially in the hands and waisl. From the aperations described in this docirment, the
lessons learmcd are Jisted befow,

But the cables themselves were sl a problem. Alsg, ImsLruments wiih a high cenier of gravity, such as
the SIDE, were casily pulled over by the normal tension of the cables. Fupure missions might consig-
er ncluding “tent stakes™ 1o ancher cables or instrments, Alse. using some other way of transmyjt-

ting data 1o (would optical pulses work in the bright lunar Enviromaent?) and power from {microwave
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of laser beaming?) a central station would avoid cables. If each insirument werc individually powered

by its own solar panels and returned data directly to Earth, as the PSEF on Apollo 11, the problem
would disappear. Of eourse, power during the night is still required for many experiments and the
bencfil of a common power souree is considerzble.

Crientation of the experiments was mostly done using a bubble level and Sun comnpass. Leveling the
experiments was generally not & problem since fairly gentle slopes were nsually available. The YEry

Since Apollo missions always occurred in the Junar morming, and since the missions were short and
the geometry of the Sun ar emplacemen was known, the shadow technique worked well for direc-
ional onientation. Shadow position for the planned landing site was marked on the instruments
before Earth launch. If EVAs from a future lunar base are performed under varying Sun angles, a
new orientation procedure for directional pointing will be needed. This could be as simple as using
the same Sun compass concept with updated information from Missien Control (except near lnnar
noon—during which EVAs may be restricted due 1o thermal laads anyway), or as complex as having
the equivalent of a global positioning network sround the Moon. EVAs performed with only Earth-
shine obviously cannot use Sun orentation for emplacemens

Dust got everywhere. It even got into the arcas where the release bolls were located and made it
difficult 1o even deploy some experiments.  Fulure thermal and mechanical designs muost allow for
this. Dust covers that encase the entire instrument, not just & sample port, might be included that are
lefi on, and removed only when everyhing is sef ap comectly,

Intricate manipulation was extremely difficult with the pressure suit gloves on, Even carrying the
ALSEP out to the deployment site, a task which required gripping, was difficult becanse of the con-
stant effort required to close the hand. Simple operations which do not rely on a closed hand will be
casiest until glove design improves. Bending of the arms and wrist was also difficult. Tasks pear the
chest, such as putting a sample mig 8 bag, wiar therefore gwkward and became 2 two-man operation,
Bending the legs was easy, but kneching in the dust would creaic a housekeeping problems upon
entering a spacecraft or habitas,

While the LRV worked very well, negotiahing slopes sidewise was difficult for the downhill CTEwman
who felt as if he could casily fall off despite the seat belt. Alse, once the mass of the LRY started
going downhill, steering was marginal since the inertia would keep it going in a straight line. Ferhaps
the suspension can be made to compensate for some amount of side slope, and the whee! design can
grab the surface more. Cone wheels seem to have some advantages and wili probably be used instead
of the wire mesh wheels of the LRV. If the weight of the vehicle is increased by filling empty con-
tainers with regolith, would that improve traction? Would this also wncrease the downhil! sieering
probicm 2nd power consumption? Is there one optimuem or does it depend on the particular mission
on that EVA?

Low gravity is the norm on the Moon, therefore equipment easily tipped over if the center of gravity
was too ligh and cables pulled on them, Perhaps future experiments could include “tent stakes™ or
incorporate pockets for weight to be added if this is a problem. The use of loose regolith as the

weight eould create 2 dust problem, so rocks, sintered soil, or cast basalt might be used as the ballast,
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Digging and drilling was very difficult below the top few centimeters of the lunar regolith. The scil
very quickly becomes consolidated beyond any normal seil here on Eanth. Cere tubes and dril
stems were redesigned 10 work properly. To assist the removal of the long core wbes, the treadle and
Jack were designed. While much of this is now understoed, it would be wise to reconsider how these
operations can best be accomplished in the futere,

Since each crewman had 1o place his geological samples inte a bag which hung on the PLSS of the
other crewmarn, their proximity to sach other was necessarily close. Future sampling operations
might benefit from aliowing a crewman o place samples in a bag hanging on his own PLSS {requir-
ing high flexibility in the suit or tools) or parhaps from using a sack that can rest on the ground with
# handle that cen be reached for carrying like a shopping bag. In general, leamwork which is
requited only due to mobility and dexterty {imitations should force consideration of other ways of
accomplishing the task. This could effeciively dooble the sampling activity of an EVA 1cam.

On fooi, navigation appears to have been the most difficull problem encouniersd dunng lunar
surface activities. [nexpected terrain fezilures, as compared to relief maps available from orbital
reconnaissance, were the source of thesc problems. The ridges and valleys had an average change in
clevation of ~3 w0 3 meters. Landmarks thal were clearly apparcnt on the maps were not an all
apparent on the surface. Even when the crewmen climbed to a ndge, the landmark ofien was not
¢learly in sight. Druring their short stay 1imes, at least one landmark, the Sun, was always in sight and
always reliable. This will not be the case at a future outpost when long stay times are the norm.

Latcr crews used the LRV, which had excellent navigation aids. A (otal of 5 hours was spent at tra-
verse station stops on A-15, and the astronauts transmitted excellent descriptions of the lunar surface
while in transit between stations. A-16 and 17 impreved upon this. While most future EVAs can also
expect 1o be supported by a rover, emergency walk-backs might need to be supported with bener
navigaiional aids.

In a more general sense, the interaction of experiments during Apollo created a logistical quagmire
that had to be carefully considered. The magnets in the SIDE and CCG had to be & minimum dis-
tance frotn the magnetometer. The lunar neutron probe had to be emplaced a minimum distance
frem the RTG. The vibrations of the LRY duc 10 moving the TV camera were a concem o the tra-
verse gravimeter (sam. The layout of the ALSEP packages was driven by interactions of the instru-
menis and their various prientation requirements. While intermingling many experiments from both
a hardware and a timeline perspective may be necessary for efficiency, there is always a price to pay
in compromising the dzta or operations required.

During the Apollo EVAs, ihe planned timelines were carefully followed by leams of mission con-
trollers and science support people in the back rooms. Rarely were the crews “allowed” to gel far
behind this timeline.  Some wasks, such as deploying the rover of traznsferring the foel rod to the RTG,
were critical, and whatever was needed to accomnplish them was done. i these cages, something clse
had 1o be sacrificed. That usually meant shortening the Llime at one of the stations on the geology
traversc, or elumnating the stabon aliegether. Some special samples were eliminated or obtained at
alternate locations. [t is dovbiful that this much support will be provided to future crews when EVA
is a daly occurance. What is lost in efficiency will hopefully be made 1p for in sheer quantity of
time af the ourpost.

As our experience with training for and performing lunar surface EVAs grew with later missions, our
ability to plan realistic timelines increased. The A-14 crew said that, by the end of training, they were
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consistently ahead of the timeline by 25 1o 30 minutes, and felt that this would be adequate 1o take
care of the exmra time that they would use on the surface in being more careful, and to allow for
problems. As it wmed out, it wasn't enough. “The fact is that you're just a bit more carefui with
the actual flight equipment.” They recommended 2 25% 1o W% pad.

An analysis of the three EVAs of Apolio 15 was performed and is documented in a series of charts
and tabies on file at the JSC History Office under the tille “Apello 15 Realtime Lunar Surface Sum-
mary Timelines, Activity Completion Percentages Attached.” It compares the actual rime required to
complete all the tasks on the surface to the planned timelines. It also shows percentage of completion
of each task and has some comments on the compearisons. A similar document could net be found in
the Apollo Collection for the other missions. One would need to view the mission video and audio
lapes and compare them to the Hmelines to get this information.,

‘The Apello 16 Time and Motion Study Jooked a1 the retio of Bme to perform tasks related to ALSEP
deployment on the lunar surface on A-15 and A-16 vs. the time the crew ook on their third one-g
training session. This ratio ranged from .16 for sinple lasiks 1o 2,18 for more complex ones. The
average ratic on A-15 was 1.41, and that on A-16 was 1.66. The difference is nol statistically signifi-
cant. This suggests that tasks take aboul 505 longer to perform under the lenar EVA constraints
than in fraining.

A number of factors can be proposed to explain the differences in lunar EVA and ene-g traming
comparisons. The more obvious of these are rooted in the differences assoctated with lunar and
Earth-bound conditions—g level, differences in soil and lerrain, visibility, cic. There are also attitudi-
nal mfluences which are important. Central to these is the attitude of care or carcfulness. The equip-
menl was oot indestructible and the erew had very limited repair capability. Duning lunar EVA the
astronaul had no one 1o correct mistakes or te help i difficult situations, in contrast 1o a raining
scssion where numerous individuals were avaLable to check experiment deployment. The simuiated
lunar surface at KSC was not only smoother than the actua] Junar terrait, but was also more familiar
and created no problems relative to site selection for experiment deployment. When on the Meon,
the astronaut was keenly aware of the fact that he had only one chance 1o complete his task, that his
performance must be efficient, and tha he was being intently observed by a large portion of the
world popuiation. In short, lunar EVA induced an attituds of greal cate in the exccution of the
allotied tasks.
There are alsa the matters of rest and pacing. During waining, it is not possible to continge working
for very long in the suited condition. Work periods are shorter and astronauts tend to mobilize their
energics for swift but effective performance. Training time, then, would tend to be shorter.

A future lunar program will have (o leam from its mistakes as well as jts successes, just as the Apollo
missions did. It is impartant to build opon what we have already leamed, however. This docoment
will hopefully help us to retain the corporate knowledge of Apolio operations until we get back to do
it even better nexi time,
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Appendix A - Apollo Experiments and Missions

Surface Apolla Mission
Nunber Lxperiment i 12 {4  [5 a1z
501 Fassive Ssismic X X X X X
503 Active Seismic X X
S 034 Lunar Surface Magneiometer X X X
3 035 Solar-Wind Spectrometer X X
5 036 Suvprathermal lon Detector X X X
5 037 Heat Flow X {1} XN
3 D38 Charged Particle X
S 058 Cold Cathede Gage X X X
5 059 Lunar Geology X X X X X X
5 078 Laser Ranging Retroreflector X X X
5 152 Cosmic Ray Detector X X
5198 Portable Magnetometer X X
5 199 Traverse Gravimeter X
5 200 So0il Mechanics X X X X X X
5 201 Far TV Camera/Spectrograph X
5 202 Lunar Ejecta and Meteorites X
5 203 Lunar Seismic Profiling X
5 204 Surface Electrical Properties X
e 5 205 Lunar Atmespheric Composition X
S 207 Lunar Swface Gravimeter X
5229 Neutron Probe X
M 515 Dust Detector X X X X
Time on Moon {hours) 22 32 33 67 71 75
Number of EVAs 1 2 2 3 3 3
Duration of EVAs thours) 28 7.8 9.4 18.6 2.2 22.1
Tora! Traverse Length (km) 0.25 2.0 3.3 299 270 150
(1) Cable broken during deployment.
Microgravity Apollo Missien
Esperiment Il iz Id iy e 17
Composite Casting Demonstration X
Electrophoresis Demonstration X X
Heat Flow and Convection Demonstration X X
Light Flashes Experiment X X X X X
’ Liquid Transfer Demonstration X
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Active Seismic Experiment (ASE) {, 5. b, 8, 10, 81, B5, 105, A-]

Apollo Light Flash Moving Emulsion Delector (Light Flashes Experiment] (ALFMEDN)
153, 154, 155, 156, A-1, B-2

Apolle lenar hand tools (ALHT:) B, 72

Apolle lunar sampie return container (ALSRC) (also SRC) 65, 71

Apolle Lunar Stereoscopic Closeup Camera (ALCCY 11, 133, 134, 135

Apollo Lunar Surface Experiments Package (ALSEP) 1, 2, 5-9, 11, 13. 15-17, 19, 20, 22
29, 30, 34, 41, 42, 44, 45, 49, 50, 53, 57-59, 61, 62, 72, 73, 75. 76, 85, B6, 89, 90, 9%, 99,
103, 104, 105, 117, 121-124, 130, 159-162, B-1, R-2

Apollo lunar surface drill (ALSD) 7, 51, 52, 67, 72, 75, 76, %9, 110

Apolle Simple Penctrometer (ASPY 2. 109

astronomy 17

aurpra 17

barbzll 5, &, 106, 103

BE 14, 1DS

bore stems 50.52

Boyd bolts &, 98, 117, 122, 123

cnbh:I.l.d.?.19,29.12,3?‘50.5],61,55+39,93,9d,9?1Iﬂl.IGE,lﬂ?,llﬂ.lzl,IEE.IES.
129, 159

cameras 11, 12, 13, 37-39, 81, 109, 140, 144

central station 1-1, &-10, 22, 29, 41, 49.51, 47, 61, 63, &4, 75, 86, B9, 102, 103, 107, 117, 121,
122, 13D, 158, 160

Charged Particle Lunsr Envirenment Experiment {CPLEE) %, 15, 17, 123, A-1

Celd Cathode Gange Experiment (CCG) {CCGE) (CCI3) 5, 19, 20, 22, 58, 89, 121, 123, 124,
161, A-1

Composite Casting Demonstration 137, A-1, B.l

core be 67, 72, 74, 101, 109-111, 161

cosmic ray (radiation) 23, 25, 153

Cosmic Ray Detecter (CRDY (CRDE) (CRE} (also Lunar Surface Cosmic Ray Experiment,
or LSCRE) 23, 26, 77. 114, A-1

cratering 61

Data Acquisition Camera (DAC) LI, 137, 147, 140, 150

Data Storage Electronics Assembly (DSEA) 125, 126

dome removal tool (DRT) B, 9799 102

drill{iing) 7, 49, 50, 67, 68, 72, 76

dust (lunar) 2, 3, 6, 7, 11, 12, 24, 29, 30, 39, 62, 75, 8O, Bl, 97-949, 103, i04, 113, 114, 122,
124, 126, 129, 133, 159, 160, A-]

Dust, Thermal & Radiation Engineering Measurements (DTREM) (also Luoar Dust
Detector, or LDDY 29, 39, A-1

Early Apolle Scientific Experiment Package {EASEP) B, 13, 35, 103, 109

Earth atmosphere 37, 39

Earth  sciences-magnetosphere 117, 121

electrophoresis 139, 143, 145, A-1, B-]

equipment transfer bag (ETB) 11, 12, 38, 99, 114, 126, 133

erectable S-band antenna 97, 159

explosives 1, 57, 85, 86, B7, 104, 128

Far UV Ca;n:rafﬁp:cl:mgraph (UVC) 37, 38, 40, 160, A-1, B-2

flag 4, 97, 96, 101

fuel cask & 26, 102

fuel transfer tool (FTT) 8, 97-100, 102

geochemistry 125

geophones 1-4, 6, 85, 86, 107, 110
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gnomon 8, 11, 34, 62, 66, 67, 74, B, 104, 110, 112

grand prix 11, §2

gravimeter 4]

greniades | -3

hammer 6, 67, 71, 72, 75, 98, 111, 114

heat flow 49

Heat Flow and Cenvection Experiment (HFC)} 147, 149, A-1, B-1

Heat Flow Expetiment (HFE) 5, 6, 49, 50, 52, 72, 85, 159, A-1

Laser Ranging Retroreflector (LR} (LRRR) 2, 33, 35, 53-55, 103, A-1

Liguid Transfer Demonstration (LTD) 157, A-1, B.2

lunar atmoesphere 19, 37, 57, 58, 121

Lunar Atmosphere Composition Experiment {LACE) §, 20, 57, 39, A-l

lunar cemmuenications relay unit (LCRII} 81, 82

Lopar Dust Detector {LDD) (zlso DTREM) 5, 29, 62

Lunar Ejecta and Metecorites (LEAM) 5, 30, 61-63, 130, A-1

lunar equipment conveyer (LEC) 65, 97, 98

lunar geology 41, 45, 49, 61, 65, 125

lunar geosciences 65, 71

lunar gravimetry 41, 45

lunar magnetometry §9, 93

Lunar Mass Specrometer {LMS) (aiso LACE) 57

Lunar Neulron Probe Experiment {LNPE) {(also NFE) 25, 75, 7%

lunar rover vehicle (LRY) 1, 3, 6. B, 45-48, 53, 65, 56-68, 72, 74, 79-81, B3, 35, 87. 97, 99,
1%, 110, 125, 126, 130, 16D, 16]

Lunar Scismic Profiling Eaperiment (LSPE} 4-6, 8, 57, 61, B1, B5-BE7, 105, 128, A

lunar scismology 1, 85

lunar seismometcy 103

Lunar Surface Ceosmic Ray Experiment (LSCRE) 23, 24, 26, 77, 114

Lunar Surface Gravimeter {L3G) 5, 41, 44, 46, 63, 105, A-l

Lunar Surface Magnetometer {LSM) 5, 19, 20, 89, 91, 93, 94 A-]

Lunar Surface Ulraviclet Camera (LSUC) (also Uvey 37

Lunar Tidal Grzvimeter {also L5G) 41

Lunar Portabie Magnetometer {LPM) 93-95, A-]

magnetosphere 117, |21

mass spectrometer 20, 57, 58, 114

micremeteontes 61, 62

Modularized Equipment Swowage Area (MESA) 8, 51, 66, 75, 77, 80, 86, 97, 94, 101, 114

Modularized Equipraent Transperier (MET) 1. 53, 65, 66, 71. 93, 95, @7, 99 101, 109, 133

morar 1, 2, 4, 4, 10

mortar package assembly (MPA) 1, 2, 4

Neutron Flux Eaperiment (NFE) (alsa LNPE) 75, A-1

Passive Seismoic Experimenmt (PSEY (PSEP) 4, 5, 30. 33-35, 49, 53, 103-106, 107, 160, A-1

penetrometer 2, 110, 111

portable life support system (PLES) 11, 28, &6, &7, 74, 79, 93, 9%, 104, 121, 123, 120, 161

probe emplacement ool 51, 52

radiation 15, 23, 75, 121

rake 67, 72, T4

rammer 51, 131
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