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Preface

The accomplishments of the Apollo missions to the Moon unfolded on the TV screens of America
almost as a given. While there were certainly moments when things did not go as planned, for the
most part it looked easy. Walking and driving on the lunar surface, laying out experiment pack-
ages, and collecting samples all seemed as natural as the many science fiction stories we had been
reading for years.

Of course, it wasn't that easy. Years of planning, training, rethinking, and improvement had gone
into those operations. Carrying out useful work from inside a pressure suit required a great deal of
compromise on the part of experiment designers and mission planners. Even then, many tasks
which were accomplished turned out to be extremely difficult. The lunar environment, especially

its dust, low gravity, and vacuum, made it difficult to perform many operations. The need for a
pressure suit lowered the productivity of an individual, making it a constant struggle to even
merely grip something.

Someday we will be going back to the Moon and even onward to Mars. Many of the things we
want to do there will be similar to those we have already done. True, the instruments will be better
and may be used for different purposes, but the tasks required of an astronaut and the design
problems faced by the engineers will largely be the same. I hope to capture, with this document,

some of the knowledge from the Apollo era to make the jobs of those future designers and opera-
tors of lunar experiments somewhat more productive.

The original motivation for this database came from the Astronaut Office, Science Support Group,
which wanted to document the experience of the astronaut/experiment interface from the operations
perspective. Beyond that, I hope to retain some of the "lessons learned" from the Apollo experi-
ence so that future astronauts, principle investigators, design engineers, and trainers will not need
to make many of the same mistakes in operation and design of instruments and tools created for
use by a crew in an extravehicular 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-
ment and hardware, such as the lunar rover and some of the tools the crew had available. Also
included in this database are a few experiments performed in the command module during trans-
lunar and trans-Earth coasts that were precursors to some Skylab experiments. While we have
come a long way since then, some of the problems we still have in microgravity today were first
seen in the Apollo command module.

The progress made in the late '60s and early '70s was not as well documented as one might have
hoped. We were operating at such a rapid pace that no one had the time to write it all down. The
present effort was started by reviewing relevant documents, such as Apollo mission reports, pre-
liminary science reports, technical crew debriefings, lunar surface operations plans, and various
lunar experiment documents, and then collecting general and operation-specific information by
experiment. After this, the crews who actually dealt with these experiments on the Moon were
consulted for their input with 20+ years of hindsight. The anecdotes some of them shared con-
ceming the deployment and operation of these units is probably the most valuable information in
this document.

Thomas A. Sullivan

Solar System Exploration Division
NASA - Lyndon B. Johnson Space Center
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Introduction

This catalog is organized by discrete experiments and selected pieces of equipment used or

emplaced by an astronaut during the Apollo program. Part I consists of experiments performed on
the lunar surface. Each of the Apollo Lunar Surface Experiment Package (ALSEP) experiments is

described individually in addition to being addressed in a general ALSEP section. The many other

experiments performed on the surface are likewise listed under their own rifle. Certain tools or

pieces of equipment which were critical to experiment operations are also listed, since they were

key to the successful performance of the task.

There are also seven experiments which were performed at microgravity during the trans-lunar or
trans-Earth coasts. These are collected in Part II.

Within each experiment, general information about the principal investigator (PI) and other con-

tacts, experiment mass and dimensions, manufacturer, and the mission(s) it flew on is provided.

The Apollo experiment number is listed, an attempt to classify it into a discipline of study is made,

and a description of the hardware and purpose is provided. After this, a general set of questions

that are operational in nature is applied to the experiment so that the interaction of the crew with the

experiment or hardware can be understood. Not all questions make sense for each experiment, but
a standard battery of questions was applied to all with the idea that it might trigger the recollection

of some unique aspect of that operation. Many experiments flew on more than one mission, and

improvements were made for the follow-on flights based on the difficulties experienced. A cross
reference to other similar experiments from Apollo or other efforts is also provided. Some disci-

plines which continue to be studied on the Space Shuttle today are listed as a discipline code. This
code is relevant to an on-line database of shuttle experiments prepared by the Flight Crew Opera-
tions Directorate at JSC.

Part HI attempts to summarize some of the general problems encountered on the lunar surface and

provides guidelines for the design of future experiments to enable easier operation. Parts I and 1I

are intended to also be incorporated into an electronic database that can be searched using many

different query types. This remains a task for the near future.
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Experiment Operations During Apollo EVAs

Acronym: ASE Experiment: Active Seismic Experiment

PI/Engineer: Robert L. Kovack/
Stanford University

Other Contacts: Tom Landers/Stanford
Joel S. WatkinsAJniversity of NC

Apollo Flight Nos.: 14, 16

Weight: 11.2 kg

Manufacturer: Bendix (grenade launcher
made by Space Ordinance
Systems, Inc.)

Discipline: Lunar Seismology

Dimensions: See ALSEP Flight System
Familiarization Manual,
p. 2-152 for data on all the

ASE subsystems

Apollo Experiment No.: S 033

Description/Purpose--A string of three geophones was emplaced by Apollo 14 (A-14) and A-16.

This allowed profiling of the internal structure of the Moon to a depth of ~460 m. Two seismic
sources were included: an astronaut-activated thumper device containing 21 small explosive initia-
tors, and a rocket grenade launcher that was capable of launching four grenades at known times and
distances (150, 300, 900, and 1500 m) from the seismometer. High frequency natural seismic activ-
ity was monitored with the geophones. Electronics for the experiment were within the Apollo Lunar
Surface Experiments Package (ALSEP) central station.

The astronaut-activated thumper was a short staff used to detonate small explosive charges--
single bridgewire Apollo standard initiators. Twenty-one initiators were mounted perpendicular to
the base plate at the lower end of the staff. This flat base plate was driven down against the surface to
provide a known energy pulse. A pressure switch in the plate detected the instant of initiation. An

arm/fire switch and an initiator/selector switch were located at the upper end of the staff. A cable
connected the thumper to the central station to transmit real-time event data. The thumper also stored
the three geophones and connecting cable until deployment.

The three identical geophones were miniature moving coil-magnet seismometers. They were an-
chored into the surface by short spikes as they were unreeled from the thumper/geophone assembly.
They were emplaced 46 m apart and were sensitive to signals with frequencies in the range of 3 to
250 Hz.

The mortar package assembly (MPA) comprised a mortar box, a grenade launch tube assembly,
and interconnecting cables. A two-axis inclinometer provided pitch and roll angle data. Many safe-
guards existed on arming, launching, and detonating the grenades, all of which were done from Earth
after crew departure. The A-16 MPA was modified to have a more stable base than the one on A-14.

Unloading from the lunar module (LM)--As part of the ALSEP.

Transporting by foot or modularized equipment transporter (MET)--As part of the ALSEP.

Loading/unloading tools/experiments on lunar rover vehicle (LRV)-- NA

Site selection--As part of the ALSEP.

Deploying experiment--The geophones deployed very easily on A-14. They went into the soft sur-
face readily and were then stepped on to implant them. However, the loose soil gave little resistance
to hold them in place, and in moving the cable Edgar Mitchell pulled the second geophone out of the
soil and it had to be replaced. While deploying the ASE electronics package on A-16, the cable be-
came taut and pulled on the central station. The crewman had to go back and adjust the central
station. Before unreeling the geophone cable, it was staked in place (with the aid of an extension



handle)througha loopin thecablesothatthelunarmodulepilot (LMP)wouldnotdragthecentral
stationbehindhim whilelayingout thegeophoneline. Thefoot padson themortarpackrotatedout
of theproperposition,andthepackagehadto bepickedupandthepadsrotatedto apositionin
whichtheywouldrestproperlyagainstthesurface.ForA-14,therewasacraterattheoptimalloca-
tionof themortarpackage,andit wasthuslocatedcloserto thecentralstationthandesired.The
timelinefor A-16allotted-18 minutesfor thegeophonesto bedeployedby thecommander(CDR)
and-12 minutesof assistanceby theLMP. Deployingthemortarwasallottedanother-16 minutes
of theCDR'stime. Thetargetingareaof themortarwasto befreeof cratersandridges.

OnA-16,themortarboxcablewaslengthenedfrom3 m to 15.2m for greaterseparationdis-
tancefromthecentralstation.Also,a subpalletwasaddedfor themortarbox to providegreater
stabilityduringfiringsandfor easeof alignmentwhenerectingtheexperiment.Thedeploymentof
thepackagewassuccessful,althoughonly threeof thefourstakescouldbeemplaced.Therelease
pin for thefourthstakewasbentandjammedsothatit couldnotbepulledout. Thecrewreported
thefeelingthat,withapairof tweezers,theycouldhaveremovedthepin,butwith apressuresuit
gloveit wasnotpossible.Althoughtestsperformedduringthedevelopmentof theMPA showedthat
threedeployedstakeswereadequateto providestability,thismayhaveallowedtheassemblyto tip
overafterthethirdshot,althoughit is alsopossiblethatthesensorfailed. AlsoonA-16,theLMP
followedtheCDRwhilehedeployedthegeophonelineandstakedthecablein placeandimplanted
two of thethreegeophonesto preventthemfromshifting. TheCDRimplantedthethird.

Checkoutof experiment--OnA-16,neartheendof thethirdextravehicularactivity(EVA),the
MPAroll sensorwasobserved(bytelemetry)to bereadingoff-scale.A TV panoramaverifiedthatit
wasproperlypositionedandaligned,suggestingthattheroll sensorwasinoperative.Norepairwas
attempted.

Operation of experiment---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 failed to fire after several attempts at several initiator positions, and several firing positions (marked
as white marks on the geophone line) were skipped to gain EVA time. Three initiators were deliber-
ately not fired. Post-flight investigations showed that a malfunction occurred because lunar soil got
into the arm/fire switch mechanism and the initiator/selector switch was not properly seated in the
detents. The total time spent on thumping operations was 28 minutes, within allowable EVA con-
straints. The LMP was instructed to stand still for 20 seconds before and 5 seconds after each shot.

On A-16 this was changed to 10 seconds before and after. The A-16 timeline allotted ~25 minutes to

this activity.
Several thumper shots were fired while the CDR was moving on the surface near the ALSEP

central station. His movements generated seismic energy that was recorded by the geophones, and his
movements had to be restricted during the remaining thumper operations. In the future, it may be

possible to conduct thumper operations and allow the second astronaut to move about, provided that
he is sufficiently far removed from the central station and geophone line.

On A-14, the geophone/thumper anchor was used as a penetrometer (see Soil Mechanics - Apollo
Simple Penetrometer [ASP]) to obtain three two-stage penetrations into the lunar surface. This device
(figure 4-11 in the A-14 Preliminary Science Report) had black and white stripes 2 cm long to
provide a depth scale. After completion of these tests, the device was used to anchor the geophone
cable when the cable was placed in position for the ASE.

The grenades were not launched after departure of the A-14 crew for fear that dust would land on
the other ALSEP experiments. (The off-nominal deployment was necessitated because of a crater at

the optimum mortar package deployment location. Post-flight tests showed that the central station
would at least suffer thermal degradation and perhaps be damaged if the grenades were launched.)
There was consideration of firing the mortars 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, continued 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, but
after the third was fired, the pitch/angle sensor on the mortar package went off-scale in a high direc-



tion. Consequently,its positionwasuncertainandthefiring of the fourth grenade was never
attempted.

On A-16, 19 thumper shots were successfully fired by the CDR (although the thumper had 21
shots). This took 14 minutes. For safety and experimental needs of quiet before firing, it needed to
be armed for five seconds before it would fire.

Repairs to experiment--On A-14, upon reaching position 11 (at the middle geophone) the LMP
observed that this geophone had pulled out of the ground, apparently because of the effects of set or
elastic memory of the cable. After repositioning the geophone, he resumed operations. Even though
geophone 2 was resting on its side during the first five firings, usable seismic data was obtained.

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 once in 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, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--The
mortar in A-14 was to lob four explosive charges whose shocks would be recorded on the seismome-
ter. However, it was placed so close to the central station that experimenters feared that firing it would
cover the central station with dust, so the experiment was not performed. There was also a hand-held
"thumper" unit that contained small explosive charges. Several safeguards existed on both these
items.

On A-16, three grenades were launched. Because the pitch position sensor then went off-scale,
the decision was made not to launch the fourth.

Was lighting a problem?--No.

Were the results visible to the crew?--No.

Would you recommend any design changes?--For A-16, the thumper was modified to improve the
switch dust seals and to increase the torque required to move the selector switch from one detent to
the next. Also, a longer cable to the MPA was provided to ensure adequate deployment.

Were any special tools required?--Thumper, universal handling tool (UHT). On A-16, the LRV
was used to provide a guideline for laying out the geophone line along a heading of 290.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--The geo-

phone array was laid out in a linear fashion. There were little flags to assist in this alignment. There
was a 7° constraint on their deployment, most likely on their horizontal orientation, but it is unclear
from reading the literature. The orientation of this array was set by driving the LRV along the re-
quired heading for 100 m to lay out a track in the regolith to be followed in deploying the line. The
targeting area of the mortar was to be free of craters and ridges.

Was the experiment successful?--Yes.



Werethere relatedexperimentsonotherflights?--SeeS 203 - Lunar Seismic Profiling Experiment
(LSPE). See also S 031 - Passive Seismic Experiment package (PSEP).

Where was it stored during flight?--Part of ALSEP.

Were there any problems photographing the experiment?--No.

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

What was different between training and actual EVA?---Cable memory allowed the very light cable

to stick up in the low gravity.

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

References:

Preliminary Science Report for A-14
Mission Report for A-14
Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in

JSC History Office
Apollo Program Summary Report, section 3.2.10, Active Seismic Experiment, JSC-09423, April 1975
Apollo 16 Final Lunar Surface Procedures, March 16, 1972, MSC
ALSEP Termination Report, NASA Reference Publication 1036, April 1979

Apollo Lunar Surface Experiments Package (ALSEP) Flight System Familiarization Manual, Bendix
Aerospace Division, Contract No. NAS9-5829, 1 August 1967, in JSC History Office

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

Figure 1: The MPA deployed at the Apollo 16 ALSEP site. Note the stable base which was

an improvement over the Apollo 14 mortar (AS-16-113-18376). See figure 2 for the MPA
on A-14. See also figure 29 for the flags which mark the geophones of the ASE array.



Experiment Operations During Apollo EVAs

Acronym: ALSEP Experiment: Apollo Lunar Surface
Experiments Package

PI/Engineer: Several PIs for individual
experiments

Apollo Flight No.: 12, 14, 15, 16, 17

Weight: Varied, see individual missions

Manufacturer: Bendix (subcontractors
had individual instruments)

Other Contacts: See individual experiments

Discipline: Several

Dimensions: Several packages spread
out on the lunar surface, connected by
cables (which caused some problems)

Apollo Experiment No.: (contained several

experiments)
A-12 included PSE, SIDE, SWS,

LSM, LDD, and CCG
A-13 was to have had PSE, CCG, HFE,

and CPLEE

A-14 included PSE, ASE, SIDE,
CPLEE, LDD, and CCG

A-15 included PSE, SIDE, SWS, LDD,
LSM, HFE, and CCG

A-16 included PSE, ASE, LSM, & HFE
(HFE damaged during deployment)

A-17 included HFE, LEAM, LSG, LACE, LSP

Description/Purpose--A combination of experiments taken to a site sufficiently far from the LM was
collectively called the ALSEP. There was a central processing station to which all of the peripheral
experiments and the radioisotope thermal generator (RTG) were attached. It provided power distri-
bution, communications with Earth, etc. The rest of the experiments connected to this station by
cables. Power for all of the experiments was provided by the RTG. Each experiment was assigned its
own name and number and is considered separately in this database. With several of the packages in
place on the Moon, networks provided more information than any one could provide. For example,
the seismometer network provided from ALSEPs emplaced by A-12, 14, 15, and 16 enabled the lo-
cation of impacts and moonquakes to be determined. The network of three lunar surface magneto-
meters (LSMs) enabled the study of solar wind plasma movement by detection of its contained
magnetic field. The ALSEP on A-17 carried different instruments since the networks had been
established by earlier flights.

Unloading from the LM--The ALSEP was stored in the Scientific Equipment Bay (SEn) during
flight. There were booms of some sort to prevent the crew from becoming unbalanced when remov-
ing the equipment, but these were not needed on A-15, perhaps because of the slope on which they
landed. Lanyards were used to release the packages and allow them to swing free and then be low-
ered by pulley to the surface. The pulleys were removed for A-17 since the crew felt they were not
needed. The height of the pallets was at the limit for easy manual deployment on level terrain, and
unloading the pallets was hindered by a small crater 8 to 10 feet to the rear of the LM. However,
sufficient working area was available in which to place a pallet and conduct fueling operations. The
mission timelines show unloading as a coordinated activity and allowed 8 to 9 minutes from both
crewmen.

Transporting by foot--It was packaged on two major subpallets in the LM which were removed and
then attached by a "barbell" (which later became the antenna mast) to enable carrying. On the A-12



ALSEP,thewholepallettendedto rotate,especiallythepalletcontainingtheRTG. Thecrewcom-
mentedthathavingto grip thecarrybartightly wastiringto thehands.OnA-14,Mitchellcomment-
edthatthebouncingsubpalletsat theendof thebarbellmadeit verydifficult to carryandthathe
endedupcarryingit acrosshisarms.It wasconsiderablyheavierthanheanticipatedsincethe1/6thg
lightweightmock-updid notrespondin thesameway. OnA-15,Irwin decidedto carryit in the
crookof hiselbowandhadaneasytimecarryingit to thedeploymentsite. EvenoncetheLRV was
available,theLMP carriedtheALSEPwhiletheCDRdroveto thedeploymentsite. OntheA-16
ALSEPdeploymenttraverse,theRTGfell off thesubpallet.Lunardirt in thesubpackagesockethad
preventedtheflangedendof thecarrybarfrom slidingall thewayintoplacesothatthepin could
lock. TheLMPknockedthedirt outof thesocketandre-attachedthepackage.After reachingthe
deploymentsite,theLMP hadto rest. It took275secondsto reachthesite,duringwhichhismeta-
bolic ratewasashighas2300BTU/hr. He rested for three minutes afterward, while also describing
the site. The total mass of the A-16 ALSEP was -250 lbs, or 41.5 lbs moon weight. The A-17 LMP

has commented that after just a short time on this long traverse, his total attention was on how much
his arms hurt from holding onto the ALSEP. The total mass for this ALSEP was -360 lbs, or 60 lbs
force on the Moon.

Loading/unloading tools/experiments on LRV--Even on A-15 through A-17, the LMP carried the
ALSEP subpallets to the site while the CDR drove the LRV.

Site seleetion--A level site was desired. Generally, 100 m to the west of the LM (but not in its shadow
at sunrise) was seen as adequate. Craters and slopes were avoided since they would degrade the
thermal control of the unit. A-14 had some trouble finding such a site. Also, a location far enough

away from the LM to avoid the dust and debris of ascent and the seismic disturbance of the venting
propellant tanks and thermally creaking structure was desired. Since, in addition to this, a reasonable
straight and level area for a geophone line (on those missions with ASE or LSPE) and a clear area for
mortar firings (for ASE) was needed, a perfect site was difficult to find.

Deploying experiment--See individual experiments. The central station (mass, 25 kg; stowed vol-
ume, 3.48 m3) was deployed and connected to the RTG and the separate experiments. Thirty min-
utes was allotted for this on the A-16 timeline. A-14 allotted ~20 minutes, A-17 allotted 17 minutes.

Most, if not all, crews had difficulty erecting the sunshade on the central station due to its lightweight,

flimsy nature.
On A-12, the fuel element for the RTG would not come out of its cask easily and several minutes

were spent working with the delicate element before it was removed satisfactorily. They had to hit the
cask with a hammer while pulling on the element to coax it out. Also, the crew commented that there
seemed to be no way to avoid getting dust on the experiment during unloading, transport, and de-
ployment, and that this should be considered during the design.

A-14 had difficulty releasing one of the Boyd bolts on an ALSEP subpallet when the guide cup
became full of dirt. The crew commented that there seemed to be no way to avoid getting the experi-

ments dirty during transport and deployment. Also, there was always at least one side of the central
station in the shade, which made seeing the bolts difficult. On the traverse to the deployment site, the

pallets on either side of the antenna mast (barbell) oscillated vertically and the mast flexed, making
the assembly rather difficult to carry. However, they believed the barbell arrangement to be suitable
for traverses of as much as 150 meters. When erecting the central station the sunshield did not lock

in the "up" position, but the scientists in the support room at JSC noticed it and had the crew return
to fix it. The communication between these scientists and the crew on the surface was, by some

accounts, too "filtered" to have good interaction under the tight timelines that existed.
A-15 and A-16 crewmembers reported no particular problems deploying ALSEP (but see A-16

Heat Flow Experiment (HFE). Some cords which were to release pins on the central station of A-15
broke and the pins had to be released by hand. A-16 deployment took 134 minutes, including travel

preparation and obtaining a documented sample at the end (25 minutes).
The A-17 crew had trouble removing the dome from the fuel cask. The chisel end of the geo-

logical hammer was used to pry the dome off the cask. The remainder of the operation went
nominally. They also had difficulty leveling the central station and antenna gimbal. The leveling



wasaccomplishedbyworkingtheedgeof thestationdownto a levelbelowthelooseuppersoiland
placinga large,flat rockunderthecomer. In doingthis,-30%of theuppersurfaceof thestation
sunshieldwascoveredwithathin layerof dust,andnoattemptwasmadeto removethisdust. Also,
soil became banked against the edge of the station. Later, upon request from ground personnel, this
soil was removed by clearing a 15-20-cm-wide moat around that edge of the station. Some dust and
soil still adhered to the sides of the station, but the white thermal coating was visible through most of
the dust.

During antenna gimbal leveling, both the N-S and E-W level bubbles appeared to be sticky and
prevented precise leveling of the antenna gimbal. The N-S bubble eventually became free-floating,
but the E-W remained at the E end of the fluid tube. Precise antenna pointing was not verified, but
ground personnel reported that the signal strength appeared to be adequate. The time deficit
resulting from these activities was compensated for by relocating the first traverse station to an area
near the rim of Steno 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 only and
would allow the crew to make ALSEP work despite certain possible failures. Also, the experiments
were operated after crew departure from JSC via the ALSEP Command System. The commands took
the form of an octal number which was entered manually via a thumbwheel and sent by pushing
another button. On most days, tens to hundreds of commands were sent. Many would be routine
commands for leveling experiments after terminator crossing or flipping magnetic field sensors, but
many were at the request of the PIs for particular studies. A number of engineering tests of the
ALSEP hardware and electronics were also performed. An ALSEP Termination Report (NASA
Reference Publication 1036, April 1979) is available that lists these operations and tests.

Repairs to experiment--During A-14 EVA 2, the crew was able to adjust the alignment of the central
station antenna in an effort to strengthen the signal received at Earth. Photos show that the antenna-
aiming mechanism was not properly seated on the antenna mount and, despite the fact that the correct
settings were used in aiming the antenna, it was pointed -8 ° off nominal.

During erection of the central station on A-15, the rear-curtain retainer removal lanyard broke,
requiring the LMP to remove the pins by hand.

Recovery/takedown of experiment--See individual experiments, but nothing was returned from the
ALSEP itself.

Stowing experiment for return--See individual experiments.

Loading/unloading samples on LRV---Even after the LRV was available, the ALSEP pallets were

carried by hand to the deployment location -100 meters from the LM.

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--Drilling was required for the emplacement of the HFE. Some drill cores were also taken
near the ALSEP site and helped to characterize the area, which was helpful for interpretation of the
seismic experiments. The Apollo Lunar Surface Drill (ALSD) was developed for these tasks and was
considered, by some, as part of the ALSEP package.

Navigating/recognizing landmarks--NA



Werethereanyhazardsin the experiment,i.e.hazardousmaterials(explosive,radioactive,
toxic),sharpobjects,highvoltages,massive/bulkyobjects,tripping hazards,temperatures?--All
the ALSEPS had SNAP-27 RTGs to generate power. The fuel capsules for these were kept in a
separate cask for safety (they were at 500 ° C and radioactive) until the astronaut on the surface
removed it and placed it into the thermocouple assembly with the fuel transfer tool. The cask was
mounted outside the descent stage of the LM. Redesign of the package or revision of procedures was
necessary after the critical design review with the astronauts. The A-12 crew commented that the fuel
cask guard was not needed and commented that heat radiating from the fuel element was noticeable
through the gloves and during the walk to the deployment site, but was never objectionable.

The ASE had small explosive charges in the "thumper" (see previous experiment). The LSPE
had explosive charges which were deployed by the crew but not set off until after departure. See
individual experiments for safety aspects.

Was lighting a problem?--No.

Were the results visible to the crew?--Silver and black decals were difficult to read in bright

sunlight. A needle was not visible on a current meter on the A-12 RTG or central station--it was
possible that the shorting plug had been depressed before the intended time.

Would you recommend any design changes?--The A-12 crew commented that some sort of over-
the-neck strap might be advantageous for deployment distances beyond 100 m. Also, the RTG fuel
element was redesigned with looser tolerances for later flights.

Were any special tools required?--The Apollo Lunar Hand Tools (ALHTs) were considered by
some as part of the ALSEP package, but they were mostly used in the geological field work. The
geological hand tool carrier was carried for 3 flights, A-12 to 14.

Two UHTs were included to help carry and level many of the individual units on the surface.
These were usually discarded after ALSEP activation, but on A-17 one was used as a handle for the

LRV soil sampler. Also, a fuel transfer tool (FTT) was used to remove the fuel elements from their
casks on the outside of the LM descent stage and place them in the RTG. A dome removal tool
(DRT) was also included, to operate the fuel cask dome. A-14 required several attempts to lock the
DRT onto the dome. The A-17 crew also had trouble with the fuel cask dome. The A-12 crew

commented that the tools should have been 2 to 5 inches longer. The change was made for later

flights. The difficulty in fitting and locking both tools in most of the experiment receptacles was
frustrating and time-consuming. Looser tolerances would probably have eliminated the problem.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--The central
station and most, if not all, of the individual experiments needed to be leveled to within 5 ° of vertical
and oriented with respect to the Sun. The central station was aligned within 5 ° of the E-W line using

the partial compass rose and its gnomon, for proper thermal control. See individual experiments.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--All landed missions had an
ALSEP except for A-11, which had EASEP.

Where was it stored during flight?--A-11 through A-14 used the LM Modularized Equipment

Stowage Area (MESA). A-15, 16, and 17 list the SEB Quad II as the storage area.

Were there any problems photographing the experiment?--No. A chart of desired photos of the
ALSEP area was provided to the crew to document all orientations of the instruments. This task took
N20 to 25 minutes.

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?_The radioisotope fuel capsule needed cooling before launch because the temperature of
its fuel cask would be above the ignition temperature of some of the fuels used on the spacecraft if
this cooling were not provided.



WhatwasdifferentbetweentrainingandactualEVA?--Installationof theRTGpower cable
connector to the central station was more difficult than it had been in training. The A-14 crew said
that, by the end of training, they were consistently ahead of the timeline by 25 to 30 minutes, and felt
that this would be adequate to take care of the extra time that they would use on the surface in being
more careful, and to allow for problems. As it turned out, it wasn't enough. "The fact is that you're
just a bit more careful with the actual flight equipment." They recommended a 25% to 30% pad.
The Apollo 16 Time and Motion Study looked at the ratio of time to perform tasks related to ALSEP
deployment on the lunar surface on A-15 and A-16 vs. the time the crew took on their third 1-g
training session. This ratio ranged from 1.16 for simple tasks to 2.18 for more complex ones. The
average ratio on A-15 was 1.41, and that on A-16 was 1.66. The difference is not statistically signifi-
cant. This suggests that tasks take about 50% longer to perform under the lunar EVA constraints
than in training.

What problems were due to the suit rather than the experiment?--If the fuel element of the RTG
were to brush against the suit, it would have damaged it.

Any experiences inside the LM of interest from the experiment/operations viewpoint?--At the end
of the last EVA, surface procedures called for a crewman to police the area around the LM, especially
in the direction of the ALSEP, for material and loose equipment which could be blown by the ascent
stage engine into the experiments. This loose gear and trash, much of which was brought out of the
LM at the beginning of each EVA, was to be kicked underneath the descent stage.

References:

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 FC93/Head, Lunar Surface Section, 7 October 1971, re: Apollo 14 ALSEP 4

Post-mission Report

The thermal control designs of 8 of the experiments and the central station are discussed in Apollo
Experience Report # 17 - "Thermal Design of Apollo Lunar Surface Experiments Package"

Apollo Lunar Surface Experiments Package - Apollo 17 ALSEP (Array E) Familiarization Course -
Handout for class of 1 September 1972, in JSC History Office

Apollo Lunar Surface Experiments Package - ALSEP Familiarization Course - Handout for class of
15 January 1968, in JSC History Office

Apollo Lunar Surface Experiments Package (ALSEP) Flight System Familiarization Manual, at JSC
History Office

Final Systems Mission Rules for Apollo Lunar Surface Experiments Package - ALSEP 3, March 23,
1970

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

Apollo Program Summary Report, JCS-09423, section 3.2, Lunar Surface Science, April 1975

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

Apollo 14 Technical Crew Debriefing, 17 February 1971, in JSC History Office

Personal communication with Herb Zook, 1 April 1993, re: ALSEP command procedures

ALSEP Termination Report, NASA Reference Publication 1036, April 1979



PersonalcommunicationwithJimBates,21April, 1993,re: ALSEPs

Apollo16TimeandMotionStudy(FinalMissionReport),NASA,MannedSpacecraftCenter,
Houston,TX, July 1972

Figure2: ALSEPcentralstationfrom Apollo14. Note the mortar box for the active seismic
experiment in the background to the right. The antenna mast was used as the "barbell" for
carrying the two subpallets to the deployment site. (AS-14-67-9378)
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Experiment

Acronym: Several

PI/Engineer: Several PIs for individual
experiments

Apollo Flight No.: 11, 12, 14, 15, 16, 17

Weight:

Manufacturer:

Operations During Apollo EVAs

Experiment: Cameras - General
Information

Other Contacts: Image Sciences Division/JL

Discipline: Used to document experiments
in several disciplines

Dimensions:

Apollo Experiment No.: Supported
several experiments

Description/Purpose--Cameras of several types were used to document the activities during the

Apollo missions. Scientifically useful information about the situation of a rock or soil about to be
sampled was obtained, and post-sampling photos further documented the process. Photos were also
used to 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 it.

One particular type of camera was carried which was called the Apollo Lunar Stereoscopic
Closeup Camera (ALCC). This was used for very close-up pictures of the soil to document its mor-
phology in 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 magazines were transferred from the LM cabin to
the surface using an equipment transfer bag (ETB). After the CDR began to exit the cabin, the LMP
would hand it to him.

Transporting by foot or MET--A bracket on the chest-mounted remote control for the portable life
support system (PLSS) held a camera.

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

Site selection--NA

Deploying experiment--NA

Checkout of experiment--NA

Operation of experiment--The A-12 crew commented that both cameras became extremely dusty.
It was believed that some dirt was on the lens, but was hard to detect because the lenses were recessed.

Cleaning the lens was not possible until A-17, when a lens brush was included. The dust brush had
been used before that in an attempt to clean it. Toward the end of the second EVA on A-12, the
fluted thumbwheel on the screw that attached the camera to the mounting bracket (on the front of the
suit) worked free from the screw. The camera could no longer be mounted to the suit and was not
used for the remainder of the EVA.

The film was not to be exposed to vacuum for more than 8 hours and was to be kept in the range
of 50 ° to 100 ° F. The Lunar Surface Procedures documents include general photo requirements for

panoramas, ALSEP documentation, the LRV "grand prix," polarimetric surveys, and other standard
techniques.
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Repairs to experiment--On A-15, the LMP's camera did not advance film properly near the end of
EVA 2. It failed again on EVA 3 after only six pictures had been taken. Inspection in the LM cabin
revealed excessive lunar material on the film drive. Also on A-15, the polarizing filter for the Hassel-
blad electric data camera could not be installed because of excessive dust in the bayonet fitting. A

lens brush was used to clean the cameras during EVA. On A-17, the mounting mechanism on the
remote control 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 again be mounted.

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) to document the EVA by the CMP dur-
ing the trans-Earth coast (TEC) for recovery of the film cartridges (per Schmitt).

Loading/unloading samples on LRV--NA

Loading of experiment/samples into the LM--Cameras and film magazines were loaded into the
ETB for transfer to the LM.

Stowing of package once in the LM--No comments by crew.

Sampling operations (soil, rocks)--The photographic techniques used for documented samples and
for documenting core tube samples were: The CDR took a cross-sun stereo pair from 7 feet before
sampling while the LMP took a down-sun photo from 11 feet. The CDR then took an after photo
cross-sun from 7 feet and the LMP took a cross-sun location photo from 15 feet with the LRV in the

background. This procedure assumed that a photo panorama was taken at each science site, showing
the position of the LRV. To document a core tube sample, a cross-sun stereo pair from 7 feet and a
location photo from 15 feet were taken after the core tube was embedded in the surface. This docu-
mentation amounted to -10% "overhead" in the timeline (guesstimate from Schmitt). The estimate

from J. Young was higher, perhaps 20% of the time during geological sampling, depending on the
task.

Trenching--See Geology - General Information.

Raking--See Geology - General Information.

Drilling--See Geology - General Information.

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

Were there any hazards in the experiment, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--No.

Was lighting a problem?--For the 70-mm camera, the recommended settings were f/5.6 for shots
into the Sun and -80 ° to either side of the Sun; f/8 for 80 ° to nearly down-sun; and f/11 within ~10 °

of down-sun. Several different types and speeds of film were used for the several cameras. These are
summarized 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 not advancing. Dust was a problem in seeing the settings.

Would you recommend any design changes?--The A-15 crew commented that, since the camera
was at the same height as the area in which one rolls up the sample bags, dirt got in the camera. 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 any 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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Wastheorientationof theexperiment(i.e.horizontal/vertical)important? Difficult?--A chartof
desiredphotosof theALSEPareawas provided to the crews to document the orientation of the in-
struments.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--All flights have photos.

Where was it stored during flight?--In the LM and the CM.

Were there any problems photographing the experiment?--NA

What pre-launch and cruise requirements were there? Power, thermal, late access, early

recovery?--None reported.

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.

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

References:

Preliminary Science Reports have tables of the cameras flown on that mission in a chapter which
discusses the photography on the mission.

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

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

Apollo 15 Final Lunar Surface Procedures, JSC, July 9, 1971

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

Personal communication with John Young, 1 April 1993

13





Experiment

Acronym: CPLEE

PI/Engineer: D. L. Reasoner/
Rice University

Apollo Flight No.: 14

Weight: 2.5 kg

Manufacturer: Bendix

Operations During Apollo EVAs

Experiment: Charged Particle Lunar
Environment Experiment

Other Contacts: Brian J. O'Brien/

University of Sydney

Discipline: Solar wind - charged particles
radiation

Dimensions: 28.7 x 21.6 x 11.4 cm,

stowed 46 cm high, deployed

Apollo Experiment No.: S 038

Description/Purpose--This experiment was designed to measure the ambient fluxes of charged
particles, both electrons and ions, with energies in the range of 50 to 50,000 eV. One of the most
stable features observed was the presence of low-energy electrons whenever the site is illuminated by
the Sun. The variation during the lunar eclipse provided strong evidence that these were photo-
electrons liberated from the lunar surface.

The CPLEE consists of a box supported by legs. It contains two similar physical charged-particle
analyzers oriented in different directions for minimum exposure to the ecliptic path of the Sun. Each
detector package had six particle detectors (five provided information about particle energy distribu-
tion, and the sixth provided high sensitivity at low particle fluxes), two different programmable high-
voltage power supplies, and other circuitry.

Unloading from the LM--As part of ALSEP.

Transporting by foot or MET--As part of ALSEP.

Loading/unloading tools/experiments on LRV--NA

Site selection--As part of ALSEP.

Deploying experiment--Accomplished without difficulty. Alignment and leveling were within 2°
and 2.5 °, respectively, by using a Sun compass and bubble level. Timeline shows N5 minutes allotted
for deploying the unit.

Checkout of experiment--Calibration was enabled by a 63Ni radioactive source placed on the under-
side of the dust cover, which was not removed until after LM ascent. More extensive calibration
occurred on Earth before launch.

Operation of experiment--From JSC via the ALSEP command system. The dust cover was not re-
moved until after LM ascent. A brief functional test of 5 minutes' duration was done during EVA 1.

Repairs to experiment--None required.

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 once in the LM--NA

Sampling operations (soil, rocks)--NA



Trenching--NA

Raking--NA

DrUling--NA

Navigating/recognizing landmarks--NA

Were there any hazards in the experiment, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--High

voltages were not turned on until the unit was activated by Earth command. A 63Ni radioactive
source was placed on the underside of the dust cover for calibration, but its dose was not high enough

to be a major concern.

Was lighting a problem?--No.

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

Would you recommend any design changes?--No comments by crew.

Were any special tools required?--UHT for deployment and alignment.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--It had to be
level within 2.5 ° and aligned within 2 ° of the E-W Sun line. It was aligned using the shadow of the
UHT while in the carrying socket and alignment marks on the experiment.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--See Suprathermal ion detector
experiment (SIDE) (S036).

Where was it stored during flight?--As part of ALSEP.

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 EVA?--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
comments by crew.

References:

A-14 Preliminary Science Report

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

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

Apollo Program Summary Report, section 3.2.20, Charged-Particle Lunar Environment Experiment,
JSC-09423, April 1975

ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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Figure 3: CPLEE deployed on the surface at the Apollo 14 ALSEP site. Note the leveling
bubble and the arrow pointing to the east (AS-14-67°9364). The dust cover is still in place.
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Experiment Operations During Apollo EVAs

Acronym: CCG (CCIG, CCGE)

PI/Engineer: Francis S. Johnson/
University of Texas at Dallas

Apollo Flight No.: 12, 14, 15

Weight: 5.7 kg

Manufacturer: The Norton Co.,
Time Zero Corp.

Experiment: Cold Cathode Gauge
(a.k.a. Cold Cathode Ion Gauge,
a.k.a. Cold Cathode Gauge Experiment,
a.k.a. Lunar Atmosphere Detector)

Other Contacts: Dallas E. Evans/JSC
J. M. Carroll/UT-Dallas

Discipline: Lunar atmosphere

Dimensions: 34.0 x 11.7 x 30.5 cm

Apollo Experiment No.: S 058

Description/Purpose--The purpose of the instrument is to measure the tenuous lunar atmosphere.

Only the amount of gas can be measured with this unit, not its composition. Pressures between 10-6

and 10-12 torr could be measured. The basic sensing unit consists of a coaxial electrode arrange-
ment. As gas is ionized in the instrument, the resulting current is a measure of the gas density in the

gauge. The gauge was sealed for deployment, and opened by a squib charge.

Unloading from the LM--As part of the SIDE which is part of the ALSEP.

Transporting by foot or MET--As part of ALSEP.

Loading/unloading tools/experiments on LRV--NA

Site selection--As part of ALSEP and near the SIDE, to which it was attached by a 1.5-m cable. It
was deployed away from the ground screen of the SIDE. It had a strong magnet, and thus needed to
be placed at least 25 meters away from the LSM.

Deploying experiment--Some of the electronics for the CCIG were contained in the SIDE, which
provided the command and data-handling systems. It was stored in the SIDE for transport. The
CCIG was then separated from the SIDE and connected to it by a cable -1.5 meter long. It was
intended that the gauge opening would be oriented horizontally and would face the pole, generally
away from the LM. See the SIDE experiment for deployment details. A typical timeline from A-15
shows -10 minutes for deploying the SIDE, including the CCIG.

On A-12, the gauge tended to undeploy itself, but they finally got it to lie down while pointing
upward at N60 °. The problem was caused by the cable, which was cold and stiff and which kept
pulling back on the instrument and causing it to face in a generally upward direction. The mission
report stated that the tape wrap would be eliminated from future experiment packages to avoid this
problem.

On A-14, considerable difficulty was experienced with the stiffness of the interconnecting cable
between the CCIG and the SIDE. Whenever an attempt was made to move the CCIG, the cable caused
the SIDE to tip over. After several minutes of readjusting the experiments, the crew managed to
deploy them successfully.

On A-15, the connection to the SIDE was redesigned to be an "extended leg" based on the
above experience. It sat N33 cm from the SIDE.

Checkout of experiment--Calibration cycles were included in the instrument operation.
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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 to get it to deploy properly.

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 once in 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, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--A
squib was used to remove the dust cover. High voltage was not turned on until after the unit was
deployed. There was a strong magnet that would have interfered with LSM if it was not at least 25 m
away from it.

Was lighting a problem?--NA

Were the results visible to the crew?--NA

Would you recommend any design changes?--After A-12, the Mylar tape wrap was eliminated,

reducing the cable stiffness by 70%. The connection to the SIDE was redesigned to be an "extended
leg" for A-15 because of the high latitude of the site - it needed to point at the zenith. Also, the
original design was for the CCIG to be totally included in the SIDE package, but its magnetic field
interfered with the SIDE instrument and the two packages needed to be separated.

Were any special tools required?--No.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--See

deploying, above. It was desirable that the orifice be pointed in a particular direction. Different
missions looked in different directions so that, as a network, greater understanding of the lunar

atmosphere was obtained. It was to have a clear view away from all other ALSEP subsystems and the
LM. An arrow decal placed on the unit was to point north.

Was the experiment successful?--Yes, but the unit at the A-12 site failed after N14 hours of opera-
tion when the 4500 V power supply shut off. This may have been due to dust getting into the unit

when it continually tipped over during deployment.

Were there related experiments on other flights? Apollo? Other?--The lunar atmosphere com-
position experiment (LACE) (S 205) was an improved atmospheric detector (mass spectrometer)
developed later in the program. There was also a mass spectrometer in the Scientific Instrumentation

Module (SIM) Bay of A-15 & 16 to measure the atmosphere at higher altitudes.

Where was it stored during flight?--In the SIDE, as part of the ALSEP.

Were there any problems photographing the experiment?--No.
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What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?--None reported.

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.

Any experiences inside the LM of interest from the experiment/operations viewpoint?--Venting of

the LM for EVA, and even the approach of an astronaut, could be measured due to the gasses
released. Exhaust gasses from liftoff could be detected.

References:

Preliminary Science Reports for Apollo 12, 14, 15

Personal conversation with Dallas Evans/JSC, 25 March 1993

"Alignment, Leveling, and Deployment Constraints for A-15 Lunar Scientific Experiments," in JSC
History Office

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

Final Apollo 12 Lunar Surface Operations Plan, JSC, October 23, 1969

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

ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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Figure4: TheCCIGis thesmallunitin thebackgroundto theleft of theSIDEattheApollo
14ALSEPsite. Thecableis lessstiff thantheoneflown onApollo 12. Notethelunardust
adheringto theverticalsurfaceof theSIDEdueto its beingtippedoverduringdeployment
(AS-14-67-9369).Themainribboncableto thecentralstationis visibleto theright.
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Acronym:

Experiment

CRD (A-16)

(CRE, CRDE)

LSCRE (A-17)

PI/Engineer: R. L. Fleischer/

General Electric R&D Lab,

Schenectady, NY

Apollo Flight No.: (11) 16, 17

Weight: 163 g (LSCRE)

Manufacturer: General Electric

Operations During Apollo EVAs

Experiment: Cosmic Ray Detector

a.k.a. Cosmic Ray Experiment

a.k.a. Cosmic Ray Detector Experiment

Lunar Surface Cosmic Ray Experiment

Other Contacts: Buford Price/U. C./Berkeley

Robert M. Walker, E. Zinner/

Washington Univ./St. Louis

Discipline: Radiation, solar; radiation, cosmic;
solar wind

Dimensions: 22.5 x 6.3 x 1.1 cm (LSCRE)

5 x 18.4 x 30 cm (CRD, folded for return)

Apollo Experiment No.: S 152 (S 151 on A-11)

Description/Purpose--The CRD on A-16 consisted of a four-panel array of passive particle track

detectors to observe cosmic ray and solar wind nuclei and thermal neutrons, and also included metal
foils to trap light solar wind gasses. As the particles passed through the materials, they left tracks
which could be observed after preferential chemical attack, allowing the particles to be identified and
counted.

A new set of smaller detectors was carried to the surface on the A-17 mission. Two sets were

exposed, one set facing the Sun and one set in the shade facing away. On A-11, the CRD was entirely
passive and was limited to post-mission analysis of the flight helmets.

Unloading from the LM--On A-16, it was mounted to the LM before launch and first exposed to
space just after trans-lunar injection when the LM was withdrawn from the adapter. It was left in
place during EVA 1, but moved to a shadowed foot pad during EVA 2 because of high temperatures.

On A-17, a two-part experiment was performed, one in the Sun and one in the shade. Neither was
exposed until the first EVA on the surface, when they were hung on the descent stage of the LM. To
avoid contamination, the LSCRE was transported to the Moon in a plastic bag inside the LM cabin in
storage area A5.

Transporting by foot or MET--NA

Loading/unloading tools/experiments on LRV--NA

Site selection--NA

Deploying experiment--On A-16, it was to be deployed by pulling a lanyard on the unit. It broke.
The crew had never seen the experiment deployed and could not tell whether the lanyard broke at the
end of its normal travel or at an intermediate point. In fact, it was only partially deployed due to
incorrectly installed screws which interfered with the travel of the plates. This degraded portions of

the experiment.
On A-17, the LSCRE was deployed by first pulling the slide cover off while in the shade of the

LM and hanging the cover on a hook attached to the side of the LM. The cover remained in the
shade, with the detectors pointed toward space, for 45.5 hours. After deployment of the cover, the
box portion of the LSCRE was carried into sunlight and hung on the strut of the LM using the Velcro
strap attached to the end ring. Deployment was nominal and was completed early in EVA 1. It was
intended to have the Sun half be perpendicular to the rays of the Sun. This was accomplished, based
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onphotoswith novisibleshadeonthedetector.Theexperimentwasterminatedatthebeginningof
EVA 3.

Checkoutof experiment--OnA-16,bythebeginningof EVA 2, thetemperaturelabelsindicatedthat
theexperimentwasreachingitsupperlimit. TheexperimentwasremovedfromtheLM andwas
placedonthe-Y footpadsothatit facedawayfromtheSun. Thecrewfelt thattheexperimentmay
havereachedthis temperaturebeforelandingdueto theextrathreerevolutionsbeforedescent.

Operationof experiment--Thepanelswerealignedto anewposition(to allowidentificationof
tracksby co-alignmentin thenewposition)bypullinga lanyard.

Repairsto experiment--At theendof EVA 1on A-16, the experiment was moved for thermal con-
trol. Although the clean equipment should not have overheated, a deposit of as much as 10% cover
of dust would have produced excessive heating. Temperature labels, designed to sense the approach

to the permitted 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 temperature had exceeded 318 K; therefore, the

contingency procedure was followed. It is not known if the "dust" covering was from lunar dust
from landing or a residue from engine exhaust emplaced during transposition and docking.

Recovery/takedown of experiment--On A-16, the experiment was terminated at the end of EVA 3.
The panels were hung up inside the frame. After pulling so hard that the nylon strap broke, it was
necessary to use a pair of pliers to get sufficient grip on the panels to free them for stowage. They
were bagged for return with the help of the LMP. On A-17, the array was pulled out of its frame at
the beginning of EVA 3, after 45.5 hours of exposure, and folded into a compact 5 x 18.4 x 30-cm
package for return to Earth. First, the Sun half was taken down, then the LMP walked into the shade
and mated it with the shade half. Thus, the shade half was never exposed to the Sun. The exposure

time was cut from the original plan (through the end of EVA 3) because Houston expected a small
solar flare. The LMP was instructed to 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 into a plastic bag for return to Earth.
The A-17 LSCRE was stored inside 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 in the LM--No comment by crew.

Sampling operations (soil, rocks)--NA

Trenching--NA

Raking--NA

Drilling--NA

Navigating/recognizing landmarks--NA

Were there any hazards in the experiment, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--No,
but the array was hot to the touch, even through the gloves, when recovered.

Was lighting a problem?---For A-16, only in a thermal sense. The array was to be kept below
328 K. For A-17, there were two portions to 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 labels 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 experiment for A-17 was redesigned.

Were any special tools required?--Not nominally, although a pair of pliers was used on A-16
during recovery.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--On A-17,

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

Was the experiment successful?--Partially.

Were there related experiments on other flights? Apollo? 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 three worn on A-12 were used as heavy-particle dosimeters. A control helmet was also
exposed to cosmic rays at a balloon altitude of 41 km. The lunar neutron probe experiment (LNPE)
on A-17 measured thermal neutron fluence. The experiments were supported by Sun monitoring
stations during the experimental period. In particular, Vela 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 experiment?--No.

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?--The temperature was controlled below 328 K during trans-lunar coast (and supposedly
while on the surface) by covering with a perforated thermal control material.

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

What problems were due to the suit rather than the experiment?--None.

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

References:

A-16 &17 Preliminary Science Reports

A-16 &17 Mission Reports

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

Apollo Program Summary Report, section 3.2.24, Cosmic Ray Detector Experiment, JSC-09423,
April 1975

Apollo Program Summary Report, section 3.3.8, Cosmic Ray Detector (Helmets), JSC-09423, April
1975

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

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

Personal communication with John Young, 1 April 1993

Apollo Stowage List - Apollo 17, MSC, 12 December 1972
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Figure5: TheCRDasrelocatedon the-Y footpadof theLM, lookingdown-sun,whereit was
placedonEVA 1(AS-16-107-17442).Alsovisiblein thebackgroundis thetiltedcask
whichcontainedthefuelelementwhichpoweredtheRTG.
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Figure 6: The portion of the LSCRE which was located in the Sun hanging from the landing
strut of the Apollo 17 LM (AS-17-140-21382).
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Experiment

Acronym: DTREM, (LDD)

PI/Engineer: James R. Bates/JSC

Apollo Flight No.: (11), 12, 14, 15

Weight: 0.27 kg

Manufacturer: MSC (JSC)

Operations During Apollo EVAs

Experiment: Dust, Thermal, & Radiation
Engineering Measurements Package
(a.k.a. Lunar Dust Detector)

Other Contacts: S. C. Freden, B. J. O'Brien

Discipline: Lunar dust

Dimensions:

Apollo Experiment No.: M515

Description/Purpose--This engineering measurement was included on the central station of the
ALSEPs to record the then-anticipated heavy dust accumulation from LM ascent or from any long-
term cause. Subsequent findings showed the dust layer and resultant blowing of the dust to be less
than expected, so the original configuration was expanded to include the effect of radiation degrada-
tion of the solar cells and their resultant drop in voltage output. It merely measured the power
generation from solar cells as their illumination varied through the day/light cycle and due to dust
coverage. It consisted of three different solar cells attached atop the structure and three temperature
sensors (internal, cell, and external infrared temperatures). Three different types of solar cells were
used: a bare cell without cover glass; a cell with 0.15 mm cover glass; and a cell with a cover glass

which was also pre-irradiated with lx1015 electrons of 1 MeV energy. The short circuit current was
measured due to its direct dependence on illumination. This was considered an engineering experi-
ment rather than a science experiment, hence the M designation rather than S.

Unloading from the LM--It was part of the ALSEP central stations.

Transporting by foot or MET--See ALSEP - General Information.

Loading/unloading tools/experiments on LRV--NA

Site selection--As part of the central station of the ALSEP.

Deploying experiment--No action required separate from deploying the central station.

Checkout of experiment--The data was received on Earth to verify operation.

Operation of experiment--There was no real operation of the experiment, since it was passive, but
data was collected by telemetry at JSC. The A-14 instrument yielded data from 2/71 to 2/76. The A-
15 instrument yielded data from 7/71 to 2/76. Although the data continued to be received for an
additional 19 months, it was not processed due to budget cutbacks and these data are not retrievable.

Repairs to experiment--NA

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 once in the LM--NA

Sampling operations (soil, rocks)--NA

Trenching--NA
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Raking--NA

Driiling--NA

Navigating/recognizingiandmarks--NA

Werethereanyhazardsin theexperiment,i.e.,hazardousmaterials(explosive,radioactive,
toxic),sharpobjects,high voltages, massive/bulky objects, tripping hazards, temperatures?--No.

Was lighting a problem?--No. But, as described below, on-orbit observations of A-17 used the
Moon to occult the Sun and provide the necessary lighting conditions to view the corona, zodiacal
light, and possible lunar dust at high altitude.

Were the results visible to the crew?--No.

Would you recommend any design changes?--None made by crew.

Were any special tools required?--No.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--No.

Was the experiment successful?--Yes.

Were there related experiments on other fUghts?--The power generated by the A-11 PSEP solar
panels may have provided similar information, but the lifetime of the experiment was limited and the
power output curves are not retrievable. On-orbit sketches from the A-17 crew (and others) were
made of the lunar horizon before orbital sunrise. This was intended to look at the solar corona and

zodiacal light. A glow along the horizon has been interpreted as evidence of lunar dust at high
altitude (~10 km) that was caused by expulsion from the surface by photoelectric charging of the soil
near the terminator. Also, one of the Lunakhod rovers had a UV/visible photometer which looked

vertically and registered a glow for at least two hours after local sunset. This was interpreted as a dust
cloud at least 200 m above the surface. Finally, Surveyor cameras registered a "horizon glow" after
sunset that was deduced to be only several tens of centimeters above the surface. The lunar ejecta and
meteorites (LEAM) provided data consistent with the detection of the transport of lunar surface fines.

Where was it stored during flight?--With the ALSEP.

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

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

What was different between training and actual EVA?--See ALSEP - General Information.

What problems were due to the suit rather than the experiment?--None.

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

References:

Preliminary Science Report for A-11, 14, 15

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

Personal communication, J. R. Bates/JSC

H. A. Zook and J. E. McCoy, Large Scale Lunar Horizon Glow and a High Altitude Lunar Dust

Exosphere, Geophys. Res. Let., Vol. 18, No. 1, 2117-2120, 1991

Criswell, D. R., Lunar dust motion, in: Proc. 3rd Lunar Sci. Conf., The MIT Press, Cambridge, MA,

2671-2680, 1972
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Rennilson, J. J. and D. R. Criswell, Surveyor observations of lunar horizon glow, The Moon 10, 121-
142, 1974

Apollo Program Summary Report, section 3.2.27 Lunar Dust Detector Experiment, JSC-09423, April
1975

ALSEP Termination Report, NASA Reference Publication 1036, April 1979
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Experiment

Acronym: EASEP

PI/Engineer: See individual experiments

Apollo Flight No.: 11

Weight: See individual experiments

Manufacturer: Bendix

Operations During Apollo EVAs

Experiment: Early Apollo Scientific
Experiment Package

Other Contacts: See individual experiments

Discipline: Several

Dimensions: See individual experiments

Apollo Experiment No.: Included S 031, S 078

Description/Purpose--This name was given to the combination of the PSEP and the LRRR. It was
two separate units that were merely carried out to the same site together. Little reason (other than
ALSEP program delay) exists for combining them together under one name - EASEP was put

together when it was apparent that the ALSEP program was running behind and would not be ready
for the first landing. Furthermore, the margins needed for the first landing would almost certainly
have "bumped" a heavier unit such as a full ALSEP, and the EVA time available on the first landing

would probably not have been adequate to deploy one.

Unloading from the LM--No comments by crew.

Transporting by foot or MET--Carried 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 level area.
The operational limit on A-11 constrained the deployment distance somewhat.

Deploying experiment--See individual experiments.

Checkout of experiment--See individual experiments.

Operation of experiment--See individual experiments.

Repairs to experiment--See individual experiments.

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 once in the LM--NA

Sampling operations (soil, rocks)--NA

Trenching--NA

Raking--NA

DrUling--NA

Navigating/recognizing landmarks--NA

Were there any hazards in the experiment, i.e. hazardous materials (explosive, radioactive,

toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--No.

Was lighting a problem?--No
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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?--No.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difflcult?--The level-
ing device did not function properly on the PSEP; a metal ball (BB) in a concave cup rolled too
much to be useful in leveling.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--See ALSEP - General
Information.

Where was it stored during flight?--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 EVA?--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.

References:

A-11 Preliminary Science Report

The thermal control designs of EASEP are discussed in Apollo Experience Report # 17 - Thermal
Design of Apollo Lunar Surface Experiments Package.

Apollo Scientific Experiments Data Handbook, JSC-09166, NASA TM X-58131, August 1974, in
JSC History Office
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Figure8: BuzzAldrin carryingthetwopackagesthatmadeup theEASEPonApollo11. Ontheleft
is thePSEPandon theright is theLRRR(AS-11-40-5942).
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Experiment Operations During Apollo EVAs

Acronym: UVC (LSUC)

PI/Engineer: G. R. CarruthersAIurlburt

Center for Space Research,
Naval Research Lab, Wash. D.C.

Apollo Flight No.: 16

Weight: 22 kg

Manufacturer: Naval Research Lab,

Applied Physics Lab (spectrometer)

Experiment: Far UV Camera/Spectrograph
(a.k.a. Lunar Surface Ultraviolet
Camera)

Other Contacts: Thornton Page/JSC

Discipline: Astronomy, UV; Earth atmosphere,
aurora

Dimensions: 1 x 0.5 x 0.5 m (in zipped bag)

Apollo Experiment No.: S 201

Description/Purpose--A miniature observatory that acquired imagery and spectra in the far-UV
range (below 1600/_). An advantage of the electronographic technique used was that it was com-
pletely insensitive to visible and near-UV light. The unit was supported between two vertical stan-
chions on a table so that it could swing vertically from 0 ° to 90 °. This table was supported by a
tripod and could rotate 360 ° horizontally. The main instrument was an f/1.0 Schmidt camera of 7.5
cm aperture. It had a 20° field of view (FOV) in the imaging mode, 0.5 ° x 20 ° in the spectrographic
mode. Either of two corrector plates (LiF or CaF2) could be selected for different bands of UV.

The goals of the experiment were to 1) determine composition and structure of the upper atmo-
sphere of Earth from its spectra; 2) determine the structure of the geocorona and study day and night
airglow and polar aurorae; 3) obtain direct evidence of intergalactic hydrogen in distant galaxy
clusters; 4) obtain spectra and imagery of the solar wind and other gas clouds in the solar system;
5) detect gasses in the lunar atmosphere, including volcanic gasses, if any; 6) obtain spectra and
colors of external galaxies in the far UV; 7) obtain spectra and colors of stars and nebulae in the
Milky Way; and 8) evaluate the lunar surface as a site for future astronomical observatories.

Unloading from the LM--John Young opened the plastic bag and removed it from the pallet in the
SEB, and carried it to the shadow of the LM. There was no difficulty with this.

Transporting by foot--Much easier than had been anticipated from 1 g training.

Loading/unloading tools/experiments on LRV--NA

Site selection--Placed in the shadow of the LM for proper thermal conditions and to eliminate direct
sunlight. Because of the delayed landing and EVAs, and the fact that the LM landed on a slope, the
shadowed area behind the LM was considerably smaller than anticipated and the camera was located
closer to the LM than originally planned. Hence, its field of view was somewhat restricted. It was
moved even closer for EVA 2 and again for EVA 3 after the Sun rose high enough to shine on it,
thus eliminating two of the planned targets due to occultation by the LM. Once back in the shadow,
there was no residual adverse affect from having been heated.

Deploying experiment--A checklist was attached to the camera. The CDR deployed it successfully
in the shadow per the checklist. The three legs were unfolded and locked to form a tripod under a
leveled table. The only way to level it on the slope, however, was to step down on two of the three
legs, pushing them 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

lay flat and tangled up in the CDR's legs almost every time he approached the camera. Fortunately,
the battery moved rather than the camera. He had to level the unit and point it down-sun to zero the
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azimuth. Pointing was accomplished by using two sets of graduated circles (in degrees) on an alti-
tude-azimuth telescope mount. Pointing at Earth was accomplished by eye with a sighting tube. The
A-16 timeline allotted -8 minutes to offload and deploy the unit and another -7 minutes to align it.

Checkout 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, as planned.
Actual exposures were controlled by an electronic sequencer. Aiming the unit was more difficult
than had been anticipated. Because of high friction in the azimuth adjustment (the lubricant was a

poor choice for the cold conditions since it became waxy below 10° C), the camera often needed re-
leveling after a new target was selected. The condition degraded with each adjustment. Because of
this friction, the uneven and sloping surface, and the occasional camera moves to keep the camera in
the LM shadow, it used more EVA time than anticipated. On the last EVA, some shots were aligned

by eye. The first target was very bright relative to later targets and manual operation of the unit was
used to get several short exposures. Inadequate film advance caused the first seven exposures to be
overlapped by adjacent frames (he was supposed to wait three seconds between shots but did not).

The overlapping did not adversely affect the science.
Once each operation was accomplished, the astronaut was to leave the vicinity of the camera as

soon as possible due to the venting of waste gasses from the PLSS which could increase the local
ambient pressure, thus causing the camera to stop operating, and/or contaminate the optics.

Repairs to experiment--None.

Recovery/takedown of experiment---Only the film was recovered.

Stowing experiment for return--Only the film cassette was returned.

Loading/unloading samples on LRV--NA

Loading of experiment/samples into the LM--The film was retrieved and stowed in the LM at the
end of EVA 3.

Stowing of package once in the LM--Camera not returned. The film magazines were transferred to
the LM via the ETB.

Sampling operations--178 frames were obtained, including data on the airglow and polar auroral
zones of Earth and the geocorona, and over 550 stars, nebulae, or galaxies.

Trenching--NA

Raking--NA

Drilling--NA

Navigating/recognizing landmarks--There was a planned set of targets with altitude and azimuth
settings for the camera. These had to be modified for the later EVAs.

Were there any hazards in the experiment, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--
There was a strong magnet in the camera which was shown not to affect the watches worn by the crew.

Was lighting a problem?_The unit was deployed in the shadow of the LM. Since the landing was
delayed, and thus the sun angle increased, it was placed closer to the LM than originally planned, thus
restricting its field of view. Reflected light was adequate to view the settings on the altitude and
azimuth adjustments.

Were the results visible to the crew?--No. Alignment devices were visible. The crew had received
training with the qualification unit a week before launch and had discovered that the camera mode

38



changesproducednoiseon theVHF radio. Therewasnootherapparentelectromagneticinterfer-
enceresultingfrom thepowersupplyoperation.

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

The backup unit to A-16 was flown on Skylab 4. The unit was modified by removing the tripod
and sealing it so that the internal atmosphere would not coat the optics. The mirror was also coated
with AI + MgF2 rather than rhenium, as on the A-16 model. A clamp was added so that it could be
mounted to the Apollo Telescope Mount while on EVA. Images of the comet Kohoutek were thus
obtained. For this operation it was pointed by eye. This experiment was called S201K. It was also
used by placing it in the scientific airlock, during which there were mirrors used (articulated mirror
system) to enable pointing the FOV at the targets. During this general operation it was called S201G.
After some time, the mirrors got clouded by contamination from Skylab.

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

Were any special tools required?--No.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--It was
important and very difficult. Setting the azimuth on EVA 3 moved the camera off level because of
the torque force required. In several realignments, it was impossible to move the leveling bubble to
the center of the ring because of the geometry of the three camera legs on the slopes and the time

available for releveling.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--UV telescopes have flown in
Earth orbit. 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-
trometer in the SIM Bay of the service module, which was primarily used to study lunar atmospheric
density and composition while in lunar orbit, was also used during TEC to observe Earth's atmo-

sphere, zodiacal light, and galactic and extragalactic 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.

Where was it stored during flight?---Quad III of the LM, SEB.

Were there any problems photographing the experiment?--No. Photos clearly show the unit de-
ployed on the surface. Some scattering of far UV light in the photos of the Magellanic cloud was at-
tributed to lunar dust electrostatically suspended above the surface. See also "Lunar Dust Detector -
DTREM."

What pre-launch and cruise requirements were there? Power, thermal, late access, early
recovery?--A major requirement was to avoid gas contamination of the photocathode. The unit was

placed into a bag. The bag was then purged with dry nitrogen continuously until 72 hours before
launch to keep out moisture while on the launch pad. The bag must have vented upon launch. The
mass of this bag is included in the 22 kg.

What was different between training and actual 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 experiment/operations viewpoint?--No.
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Figure 9: Far UV camera deployed in the LM shadow (AS-16-114-18439).
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Experiment Operations During Apollo EVAs

Acronym: LSG

PI/Engineer: Joseph Weber/
University of Maryland

Apollo Flight No.: 17

Weight: 12.7 kg

Manufacturer: Univ./Maryland & Bendix

Experiment: Lunar Surface Gravimeter
a.k.a. Lunar Tidal Gravimeter

Other Contacts: John. J. Giganti, J. V. Larsen
J. P. Richard/University of Maryland

Discipline: Space physics, lunar geology,
lunar gravimetry

Dimensions: 27.7 x 25.4 x 38.4 cm, stowed

plus a 7.6 cm (dia.) cable reel

Apollo ExperimentNo.: S 207

Description/Purpose--This was designed to make very accurate (1 part in 1011) measurements of the

lunar gravity and of its variation with time. It was essentially a sensitive spring balance, and also
functioned as a one-axis seismometer. It was considered part of the ALSEP. Its intent was to mea-

sure gravity waves by using the Moon as an antenna and also investigate tidal distortions of the shape
of the Moon. Following deployment of the gravimeter, problems occurred in trying to balance the
beam. These problems were caused by a mathematical error in the sensor mass weights. Several
reconfigurations of the instrument were made during the previous year.

Unloading from the LM--As part of ALSEP.

Transporting by foot or MET--As part of ALSEP.

Loading/unloading tools/experiments on LRV--NA

Site selection--Part of ALSEP, ~8 m from the central station.

Deploying experiment--As part of ALSEP on EVA 1. After releasing it from the subpallet with the
UHT, it was carried (using the UHT) to its site. The crew had to raise and tilt a sunshade, set the
instrument on a firm surface with approximate orientation, level and align it using a bubble and

shadowgraph, perform initial uncaging, and report level and alignment. It was planned to take
-3 minutes. There were no known anomalies in the deployment of the LSG that would account for
the problems encountered upon the commanded activation of the experiment.

Checkout of experiment--It was discovered on EVA 2 that the sensor beam of the LSG could not be
nulled (using the micrometer screw adjustment of the instrument), even though the LMP reverified
that the instrument was level and the gimbal was free. Later analysis showed a design (arithmetic)
error of the sensor mass weights. They were -2% lighter than the proper nominal weight for 1/6 g

operation of the flight unit. The sensor mechanism allowed up to only 1.5% adjustment from the
nominal for possible inaccuracies. The error was made in the conversion calculations from 1 g to

1/6 g for the flight unit by including an erroneous value in the calculations from the uncorrected
calculations for the qualification unit.

Operation of experiment--From JSC via the ALSEP command system. After determining the design
error in the instrument, it was reconfigured to obtain long-term seismic and free-mode science data.

However, the sensitivity of the system was considerably reduced.

Repairs to experiment--Attempted on EVA 2 and 3, but unsuccessful due to design error. The LMP
rapped the exposed top plate on the gimbal; rocked the experiment in all directions; releveled the
instrument, working the base well against the surface; and verified the sunshade tilt. These actions
were taken to free a mass assembly or a sensor beam that was suspected of being caught or bound,
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butnochangewasapparent.Theproblemwasat leastpartlyovercomeby applyingpressureon the
beam with the mass-changing mechanism beyond the design point by addition of all included masses
so that it contacted the beam. Much valuable EVA time (-30 minutes) was spent on the attempt.

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 once in 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, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?--No.

Was lighting a problem?--NA

Were the results visible to the crew?--Instrument level and gimbal release were visible.

Would you recommend any design changes?--Yes. The PI considered his experiment proprietary
and was able to bypass NASA reviews and supply his experiment as a "black box." Perhaps the
design error would have been caught in the proper reviews if they focused on the technical aspects of
the device, but not if they only looked for hazards.

Were any special tools required?--The UHT was used during deployment. It was also used later to
attempt to jar the gimbal loose during a repair attempt.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--The unit
needed to be leveled.

Was the experiment successful?--No, but the signals received were processed and analyzed for
seismic, free mode, and gravity wave information.

Were there related experiments on other flights? Apollo? Other?_There was also a traverse
gravimeter (S 199) on A-17 which took 7 measurements on the 1st EVA, 7 on the 2nd, and 9 on the
3rd. Orbital measurements of mascons were made in several orbital missions, both manned and

unmanned. There were also seismic experiments (S 031 and S 033) performed on landed missions.

Where was it stored during flight?--As part of the ALSEP.

Were there any problems photographing the experiment?--No.

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

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.

Any experiences inside the LM of interest from the experiment/operations viewpoint?--No.
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Figure 10: The LSG deployed at the Apollo 17 ALSEP site. The sunshield is tipped appro-
priately for the latitude of the site. The central station, RTG, and LM are visible in the back-
ground (AS-17-134-20501).
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Acronym: TGE

Experiment

PI/Engineer: Manik Talwani/
Columbia University

Apollo Flight No.: 17

Weight: 14.6 kg

Manufacturer: MIT/Draper Lab

Operations During Apollo EVAs

Experiment: Traverse Gravimeter Experiment

Other Contacts:

Discipline:

Dimensions:

Apollo Experiment No.:

George Thompson, Brian Dent
Stanford University

Space physics, lunar geology,
lunar gravimetry

50.8H x 27.9W x 24.8 cm deep

S 199

Description/Purpose--The primary goal of the TGE was to make relative gravity measurements at a
number of locations in the A-17 landing area and to use these to obtain information about the geo-

logical substructure. A secondary goal was to obtain the value of the gravity at the landing site rela-
tive to an accurately known value on Earth. The gravity sensor used was a Bosch Arma D4E vibrat-

ing string accelerometer. It was a double-stringed instrument. The sensor was mounted on a

gimbaled frame. Two vertical pendulums mounted on the frame sensed departures from vertical
through comparator circuits, which drove motors to level the unit--up to 20 seconds was required in
the normal mode and between 90 - 130 seconds in the bias mode (instrument inverted). The TGE

could be leveled only if it was initially placed in a position less than 15° from level. 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 the display/control panel.

Unloading from the LM--With ALSEP pallets.

Transporting by foot or MET--NA

Loading/unloading tools/experiments on LRV It rode on the geopallet at the back of the LRV.

Between EVA periods, the unit was placed in the shade with the radiator open.

Site selection--The field geology stations on the planned traverses were used to obtain the TGE mea-
surements. Several measurements around the LM were also made.

Deploying experiment--Measurements were made both with the TGE mounted on the LRV and with

it placed on the surface. One reading was made at the start and end of each EVA.

Checkout of experiment--Several runs near LM, and on and off the LRV, were performed to check

the operation of the instrument.

Operation of experiment--A network of gravity measurements at 12 sites spread across the valley

floor (and one gravimeter bias measurement) were obtained during EVAs on A-17. Six measure-
ments (and the bias) were made on EVA 1, seven on EVA 2, and four on EVA 3, spread out among

several stations and near the LM (some were duplicates). A measurement was initiated by depressing

the "GRAV" button. The cycle started by leveling, then went into the measurement mode. To ob-

tain the bias measurement, a separate button was pushed, and a similar sequence ensued. It had to be

left undisturbed 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 crewman had time

to read it. A toggle switch selected ON or STANDBY for power conservation.

The TGE team strongly wanted to impose a constraint which would not allow the LRV TV camera

to be aimed during the gravimeter's operating cycle because of vibrations. The geology team was
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just asstronglyopposedtonotbeingableto seewhatthecrewwasdoingeveryminuteatastation,or
notbeingableto seesomepotentiallyinterestingrockanddirectingthecrew'sattentionto it. The
gravimeterteamwashardpressedto specifyexactlywhatconstitutedan"unacceptable"vibration
level. A greatdealof analyticalworkwentintotryingto provewhatthevibrationlevelswouldbe,
andit wasfinally necessaryto instrumentanengineeringmodelof theLRVwith accelerometersin
thevacuumchamber.Thevibrationfromthemovingcameraprovedto benegligibleandthe
"constraint"went away.

Repairsto experiment---Nonerequired.NotethatthepalletonwhichtheTGEsatin theLRV swung
openbeforemeasurement25andtheresultantbangingof thepalletmayhavecausedproblemsre-
suitingin anerroneousreading.

Recovery/takedownof experiment--Leftonthesurface.

Stowing experiment for return--NA

Loading/unloading samples on LRV--It was mounted on a pallet. There was a folding handle on

top of the unit. Cam latches on the sides of the handles secured it to the LRV pallet when the handle

was pressed down toward the rear of the unit.

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 in the experiment, i.e., hazardous materials (explosive, radioactive,
toxic), sharp objects, high voltages, massive/bulky objects, tripping hazards, temperatures?-

Power was supplied by a 7.5 V battery.

Was lighting a problem?--No.

Were the results visible to the crew?--Yes. A display panel read out gravity and oven temperature
values.

Would you recommend any design changes?--No comments by crew.

Were any special tools required?--No.

Was the orientation of the experiment (i.e. horizontal/vertical) important? Difficult?--Yes, level

was important, but the astronaut only had to have it level to 15°, the instrument did the rest.

Was the experiment successful?--Yes.

Were there related experiments on other flights? Apollo? Other?--There was a stationary LSG

(S 207) on A-17. Also, orbital measurements of mascons were made during several manned and
unmanned missions. The accelerometers of all LMs which landed measured a value of lunar g after

landing.

Where was it stored during flight?--LM Quad III, experiment pallet.
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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 EVA?--No comments by crew.

What problems were due to the suit rather than the experiment?---Operating the unit on the surface,

as opposed to on the LRV, was difficult because it was very low and the suit made it hard to lean over

and press the buttons. Gene Cernan tended to put it down near the LRV so that he could lean on it to

reach the experiment, or if on a slope, stand down-slope. Leaning on a scoop might have worked,
too.

Any experiences inside the LM of interest from the experiment/operations viewpoint?--No.
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Figure11: TheTGEexperimentasoperatedon thesurface(AS-17-142-21730).Theunit is
sittingon thesurfacedirectly"above"thegeologicalscoop,whichis in theforeground.It
wasalsooperatedwithoutremovingit fromtheLRV. Seealsofigure37for theTGEmount-
edon theLRV.
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Experiment Operations During Apollo EVAs

Acronym: HFE

PI/Engineer: Marcus G. Langseth/
Columbia University

Apollo Flight No.: 15, (16), 17

Weight: 9.9 kg, total;

4.6 kg, electronics box

Experiment: Heat Flow Experiment

Other Contacts: Sydney P. Clark, Jr./Yale
J.L. Chute, Jr., S. J. Keihm/

Lamont-Doherty Geological

Observatory

Discipline: Lunar geology, heat flow

Dimensions: Probes - 4 x 50 cm segments

(stowed 8.6 x 11.4 x 64.8 cm);
electronics box 28 x 25 x 24 cm

Manufacturer: Columbia University, Apollo Experiment No.: S 037
Arthur D. Little, Martin-Marietta

Description/Purpose--This experiment was designed to make temperature and thermal-property
measurements in the lunar subsurface in order to determine the rate at which heat flows out of the

interior of the Moon. This heat loss is directly related to the rate of internal heat production and to

the internal temperature profile; hence the measurements resulted in information about the abun-
dances of long-lived radioisotopes within the Moon and increased the understanding of the thermal
evolution of the body.

The essential measurements were made by two slender temperature-sensing probes that were

placed in pre-drilled holes in the subsurface (the borestems were left in the ground, as well), spaced
~10 m apart. Each probe consisted of two nearly identical 50-cm-long sections. Each section of
each heat flow probe had two accurate (+/-0.001 K) differential thermometers that measured temp-
erature differences between points separated by 47 and 28 cm. The probe segments also contained

heaters which provided heat to measure the thermal conductivity. The electronics were contained in a
separate box which rested on the lunar surface and was connected to the ALSEP central station.

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

Transporting by foot or MET--As part of the ALSEP.

Loading/unloading tools/experiments on LRV--NA

Site selection--The electronics package was placed 7.6 to 9.1 m north of the central station, at least 3
m from all other experiments, and at least 6 m from the PSE. Two holes needed to be drilled for
emplacement of the probes below the surface. These were located 4.6 - 5.8 m from the electronics
package and N7.6 m from the RTG. Also, the holes/probes needed to be at least 60 m from fresh
craters with surrounding stones and at least 5 diameters from large isolated boulders > 0.7 m across

exposed at the surface.
A third constraint on the placement of the probes (although it may not have ever been docu-

mented) was that they not be deployed within one crater radius of large old craters. A few weeks be-
fore the mission, the PI worried that the official target point for the landing was too close to the crater
Camelot and that the effects of the crater topography would cause the heat flow data to be skewed.
Although one can correct for topography, it adds uncertainty to the data that could be avoided. A
change in the landing coordinates (stored in the computer) at that late date was unheard of. The PI
did let his concerns be known at NASA Headquarters and it eventually made its way to Ceman whose
reaction was, "No problem, I'll simply redesignate a little short if necessary to stay one crater radius
short of the rim of Camelot." The important thing, as far as the crew was concerned, was to get the
very best data possible for this experiment on the last opportunity to do so. They did, indeed, land
short by the necessary distance, although it is unclear whether it was necessary to redesignate.
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