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FOREWORD

Among their other monumental milestones, the Apollo missions to the Moon achieved the first collection of
extraterrestrial materials for return to Earth. Two generations of scientists around the world have dedicated
major portions of their lives to study of the 382 kg of rocks and soils that were collected, in total, by the six
manned expeditions (4pollo 11, 12, 14, 15, 16, and 17) during 1969-72. Indeed, availability of lunar samples for
laboratory analysis revolutionized planetary science by driving sophistication of both the necessary analytical
technology and the interpretive models for origin and evolution of the solar system.

An essential ingredient in the scientific success of Apollo was design, fabrication, and operation of tools and
containers for collecting and preserving the lunar samples. Major effort was invested in building hardware to
meet stringent scientific requirements for non-contamination of samples while remaining within constraints of
size, weight, power, and operability by pressure-suited astronauts. Some tools and containers worked very well
as originally designed whereas others required revisions, based on experience gained during early missions. In
all cases, the devices were operated with the greatest possible skill and resourcefulness by the astronauts on the
lunar surface -- a factor that is difficult to translate into systems designed for robotic operation.

As NASA embarks on its next initiative for exploration of the solar system, geologic sampling missions remain
key features in all scenarios. Accordingly, it is essential that the Apollo sampling experience be used to full
advantage in planning future sampling activities, whether they be robotic missions or missions piloted by human
crews. Regardless of whether the missions aim at the Moon, Mars and its moons (Phobos and Deimos), or
more distant targets such as asteroids and comets, all sampling activities will share a certain minimum set of
common goals and problems. Apollo represented the first implementation of those goals and the first
confrontation with the attendant problems. Although many volumes have been written about scientific results
of lunar-sample studies, descriptions of sample tools and containers used on the lunar surface have remained
scattered among internal reports that have become more inaccessible with time.

This report summarizes the hardware that was used to collect and preserve lunar samples until the time that
they were delivered to the receiving laboratory and curatorial facility at the Johnson Space Center. The catalog
format was chosen to individually feature tools and containers for engmeermg purposes, with a minimum
amount of ancillary descriptions. Emphasis was placed on summarizing important physical characteristics
(dimensions, weight, power, materials of construction); where known, references to original technical
documents are cited. No attempt has been made to chronicle development or testing of the hardware although,
when known, experiences that exerted major influence on design or modifications are mentioned. In some
cases, the passage of time has been too great and the recoverable information is unavoidably incomplete.
Finally, an appendix showing various inventories of flight-spare or prototype devices is included to assist future
tool and container designers who might find it important to directly inspect hardware.

Although this catalog was conceived and developed at my initiative and direction, full credit for its successful
completion must go to Judy Allton who painstakingly researched, compiled, and remeasured every item to the
fullest possible extent.

James L. Gooding
Solar System Exploration Division
NASA /Lyndon B. Johnson Space Center

February 27, 1989



4 INTRODUCTION

History of tool and container development
OPERATIONAL REQUIREMENTS

Since the tools and containers used on the moon were
handled by astronauts in space suits, tools had special
operational requirements. Space suit gloves were bulky,
stiff and fatiguing to operate. The sense of touch was
greatly diminished. Therefore, large gripping surfaces were
needed. Weight and volume were carefully rationed, so the
tools and containers were made as light-weight as possible.
Mechanisms were designed to accomodate the abrasive, fine
lunar dust. Materials had to withstand the lunar thermal

range of 100 to 380°K.

In addition, for crew and spacecraft safety NASA had
restrictions on flammability and outgassing characteristics of
materials carried aboard the Apollo vehicles.

SCIENTIFIC REQUIREMENTS

To insure that important scientific analyses were not
compromised by contamination from the tools or containers,
the scientific community proposed use of certain materials.
They recommended that materials for tools and containers be
selected to minimize contamination from Pb, U, Th, Li, Be,
B, K, Rb, Sr, noble gases, rare earths, micro-organisms and
organic compounds. Acceptable materials included
aluminum alloy 6061 and 300 series stainless steel, which
were the main structural components of tools. Teflon was
the only acceptable plastic, although Viton was acceptable
for backup, exterior seals. MoS2 was agreed upon for a
lubricant, as was use of soft indium metal for sealing
surfaces. In practice fluorosilicone was used instead of
Viton on the rock box seals. Post-mission sample analyses
showed that indium interfered with detection of siderophile
elements.

Catalog format
NOMENCLATURE

The information in this catalog was obtained for each tool or
container by part name or part number that was assigned by
its manufacturer or by the Apollo project. Neither part
names nor part numbers were consistent across all data sets.
Where practical, tools and containers are grouped by simple
names used in earlier literature. Significant variations in
configuration are described separately, within the groups, and
the names of these configurations were modified by the
author to distinguish the physical differences in the objects
(lighter weight, shorter, etc.)

SOURCES OF INFORMATION

Missions: Three basic types of records were used for
documenting the flight histories of the tools in this catalog:
1) the Flight Stowage Lists for each mission (except for the
Apollo 11 list which could not be located for this study;
Sample Information Catalog, Apollo 11 was used instead),

2) the packing list for each of the Apollo Lunar Sample
Return Containers (ALSRC, the rock boxes) and 3)
photographs taken on the lunar surface. The Flight Stowage
List details each observable piece of equipment packed into
the Lunar Module; tools and containers relating to lunar
sampling were identified from the list. Gaps in the data arose
because some items were packed inside of others. Since
tools and containers packed inside of the ALSRC were not
itemized on the stowage list, the packing list for the
ALSRC was used to verify these flight objects. Due to
imprecise nomenclature in a few cases, configuration of the
object was deduced from weight compared to a known
configuration. Conclusions based on data other than those
given here are explained in footnotes.

Weights: Most hardware weights cited in this catalog were
taken from the Flight Stowage Lists (weights given to the
nearest 0.1 1b) or the ALSRC packing lists (weights given
to the nearest gram). Averages of similar objects were used.
Exceptions were made if the weight systematically changed
by mission, indicating modification of the object. In this
circumstance, the weight from the latest mission was used,
since, presumably, the object was improved in later
versions. Weights taken from other sources are footnoted.

Dimensions: Engineering drawings provided the dimensions
for all of the equipment fabricated by NASA and for some of
the contractor-made hardware. Footnotes indicate if
dimensions were derived by direct measurement of a typical
or a similar object or if the dimensions are estimated.

Materials: When specific compounds or alloys are specified,
the data were taken from engineering drawings. General
descriptive terms like "aluminum" or "teflon" were deduced
from the appearance of the object or indirectly from
engineering drawing references to parts being anodized.
Exceptions to these data sources are footnoted.



PART 1. DESCRIPTIONS OF TOOLS AND CONTAINERS
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A. TOOLS AND CONTAINERS USED TO COLLECT LUNAR ROCKS AND SOILS

Contact Soil Sampling Device
Contingency soil sampler
Core tube

Drill

Extension Handle
Hammer

Lunar rover soil sampler
Rake

Scoop

Tongs

Trenching tool




mp

CONTACT SOIL SAMPLING DEVICE
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Fig. 1 (A ,left) Contact Soil Sampling Device open in the sampling position. (A,right) Device closed for stowage after
sampling. (B, left) Device open showing beta cloth sampler. (B, right) Device open showing velvet cloth sampler (NASA

photo S72-43792).
WEIGHT: 500 g
DIMENSIONS: 17.0 cm box width

15.9 cm box length
4.2 cm box thickness

DIMENSIONS OF SAMPLE PAD: 9.5 X 10.6 cm
MANUFACTURER: NASA, Johnson Space Center

APOLLO MISSIONS: Two Contact Soil Sampling Devices
(Fig. 1) were flown only on Apollo 16 to collect special
samples of the uppermost layers of lunar regolith. One
device had a sampling pad covered with beta cloth, and the
other had a pad covered with velvet.

OPERATION: To sample regolith undisturbed by the
descent engine on the lunar lander or dirt scattered by human
activities, the astronauts cautiously approached a large
boulder far away from the lander. They carefully extended the
sampler down to the protected surface on the farside of the
boulder using a long handle for that purpose [18,26].

MATERIALS: The devices were identical except for the
material comprising the sampling pad. The boxes and the
sampling pad supports were aluminum alloy 6061-T6.
These devices contained more organics and other materials
that were typically avoided in lunar sampling tools and

containers. Inside the box in the immediate sample
environment were:
Seal silicone rubber tubing
Adhesive primer SS-4120 (General Electric Silicone
Products)
RTV-102 (General Electric Silicone
Products)
Adhesive primer X R5001 (3 M Co.)

EA 954 (Hysol Div., Dexter Corp.)
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BETA CLOTH SAMPLER

USE: The beta cloth sampler (Fig. 2) was designed to
sample the uppermost 100 pm of the lunar regolith.

MATERIALS: The sampling pad was covered with beta

cloth, teflon-coated beta yarn type X4484 (Owens Corning
Fiberglas Corp.) (Fig. 3.)

VELVET CLOTH SAMPLER

USE: The velvet cloth sampler was designed to sample the
uppermost 1 mm of lunar regolith.

MATERIALS: The sampling pad was covered with white
nylon velvet, TL-390 (Martin Fabrics, J.B. Martin Co.)
(Fig. 4). -

>

Fig. 2. Beta cloth Contact Soil Sampling Device as
received in the laboratory, with lunar dust adhering (NASA
photo S72-39186).

69003 BETA PAD

Fig. 3. Close-up of Beta cloth sample pad containing lunar
sample 69003 along right-hand side of pad. The small
weight of soil recovered on this device has not been removed
from the pad for analysis (NASA photo S75-20313).

Fig. 4. Close-up of velvet cloth sample pad containing lunar
sample 69004. The small amount of sample recovered on
this pad has not been removed for analysis (NASA photo
S$75-20266).
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Fig 6. Contingency soil sampler in extended configuration (NASA photo S68-54937, drawing from [35]).
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CONTINGENCY SOIL SAMPLER

The contingency soil sampler (Figs. 5-7) was a device which
allowed the astronauts to quickly take a soil sample very
soon after they stepped out on the lunar surface. The sample
was taken near the Lunar Module and stored for ascent (take-
off), to insure that some lunar soil would be returned to
Earth in the event of an emergency.

WEIGHT: 1200 g
DIMENSIONS: 95 cm overall length
10 cm bag diameter

WEIGHT: 1200 g was an average weight for "Container,
contingency sample, soft" for missions 12, 14 and 15 as
given in the flight stowage lists. Author has assumed that
this was the contingency sampler, although the weight
appears to be greater than tools of comparable size (see LRV
Soil Sampler).

DIMENSIONS: The dimensions were estimated from
photos.

MANUFACTURER: The contingency sampler was not
made by NASA. It may have been Union Carbide, Nuclear
Division, Oak Ridge, TN

APOLLO MISSIONS: The contingency sampler was taken
on missions 11, 12, 14 and 15.

MATERIALS: The bag was made of teflon [35].

s

Fig. 7. Contingency soil sampler in folded configuration
(NASA photo S68-54939).
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S O ¥ SR e ot
E % F 84 S O ¥ N

Fig. 8. A 2-cm diameter core tube, attached to a shorter style extension handle, is being driven into the regolith at the Apollo
12 site (NASA photo AS12-49-7243).

Two styles of core tubes were used on the moon to obtain
continuous soil columns down to 70 cm in depth (Figs. 8- 2-CM DIAMETER CORE TUBE
18). The initial style, used on the early missions, was a
thick-walled, small diameter tube called a core tube. This
tube was designed to be easily opened in the laboratory; WEIGHT: 327 g, assembled core tube
however, the soil column obtained in this type tube was |PTMENSIONS: ~ 39.9 cm, overall length
disturbed by the collection process. Therefore, a wider 2.8 cm outside diameter
diameter tube with thinner walls was designed and fabricated

for the last three missions. This tube was called a drive ~ WEIGHTS:

tube to distinguish it from the earlier core tube (both tubes Core tube o 9% g
took cores and both tubes were driven into the regolith). A Inner sleeve (split liner) 46 g
soil column collected in a drive tube was not significantly Follower 5.58
distorted by the coring process [28]. Adapter (plug) 63 g
Pin 20g
MANUFACTURER: NASA, Johnson Space Center Bit 70 g
Cap 28 g
Cap dispenser with 4 caps 168 g

Cap dispenser with 3 caps & chisel bit 311 g

DIMENSIONS: 31.8 cm inside length containing soil
2.0 cm inside diameter
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Fig. 9 Components of a 2-cm diameter core tube. Dimensions are given in inches. Diagram modified from [2].

Fig. 10. Apollo 2-cm diameter core tubes showing two styles of bit. The upper two tubes have inverted funnel-shaped bits
typical of Apollo 11. These bits, designed for use in fluffy soil, did not work well in the relatively dense lunar soil. The
tapered bit on the bottom core tube was used on Apollo 12 and 14 (NASA photo S69-31856).

Fig. 11. Two 2-cm diameter core tubes screwed together with cap on end. The bottom tube has chisel bit attached; however,
the core tube was never used as a chisel (NASA photo S69-31858).



12 CORE TUBE

Fig. 12. Dispenser with caps and chisel bit for 2-cm
diameter core tubes (NASA photo S69-31845).

CAPACITY: 100 cm3

OPERATION: The core tube contained a thin inner sleeve
which was cut in half and held together by heat-shrinkable
teflon tubing. In the sleeve a follower was placed at the
bottom end. A bit was screwed on the bottom and an
adapter screwed into the top of the tube. Tubes were
presented to the astronauts in this configuration.

The astronaut attached the extension handle to the adapter,
placed the core tube and drove it in into the soil by hitting
the top of the handle with a hammer. The follower rode
atop the soil as it entered the tube, forming a restraint for
the upper soil boundary. The core was then extracted from
the regolith, turned horizontally, and the bit replaced with a
cap. The extension handle was removed. Two tubes could
be screwed together to take a longer core.

Once back at the laboratory, the cap was unscrewed, and the
inner sleeve full of soil was removed. The teflon tubing was
sliced with a razor, and the top half of the sleeve lifted off to
reveal the soil column.

APOLLO MISSIONS: The 2-cm diameter core tubes were
used on missions 11, 12 and 14; however, the shape of the
bit changed after Apollo 11.

MATERIALS:

Core tube Aluminum alloy 6061-T6

Inner sleeve Aluminum alloy 6061-T6 with
PTFE shrinkable tube

Follower PTFE teflon with metal spring

Bit 17-4 stainless steel (early bits were
made of aluminum alloy 6061-
T651)

Adapter Aluminum

Cap aluminum alloy 6061-T651

4-CM DIAMETER DRIVE TUBE

WEIGHT: 300 g, one tube without cap
110 g, caps & dispenser

90 g, ram tool
DIMENSIONS: 42.0 cm overall length, tube

4.4 cm outside diameter, tube

WEIGHTS:
Upper tube 184 ¢
Lower tube 196 g
Plug 73 g
Keeper 37g
Cap 13 g
Cap dispenser with 3 caps 112 g
Ram 0g

The weights given are from Apollo 16 and 17. Apollo 15
core tube weights were different which suggests that minor
modifications were made after that mission: upper tube 176
g, lower tube 191 g, keeper 22 g, caps 15 g.

DIMENSIONS:
Inside diameter, tube 4.13 cm
Wall thickness, tube 13 cm
Inside length containing soil 34.9 cm

CAPACITY: 470 cm3

OPERATION: The 4-cm diameter drive tube consisted of a
lower tube, plug (top closure for the tube and adapter to the
extension handle) and keeper (inserted into the tube to
restrain soil). Unlike a follower, the keeper was placed in the
top of the tube and only after soil filled the tube, was the
keeper emplaced using a ram tool. This ram was a slender
rod which was inserted through a small hole in the top plug
to push the keeper firmly against the soil. Use of a keeper,
instead of a follower, reduced the resistance of the soil
entering the tube.

The lower tube contained a steel bit and was used for a
single section core. The upper tube was threaded at the
bottom and was screwed into a lower tube to make a double-
length corer. A cap was snapped onto the bottom end of the
tube after it was extracted from the regolith.

APOLLO MISSIONS: The 4-cm diameter drive tubes were
used on missions 15, 16 and 17.

MATERIALS: The thin-walled core tubes were milled from
6061-T6 aluminum alloy tube of 2 in. O.D. and 1.5 in I.D.
The bit in the lower tube, made from 17-4 PH stainless
steel, was attached to the tube by magnetic forming. The
plug and the ram were mainly 6061-T6 aluminum.
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Fig. 15. Lower tube configuration of 4-cm diameter drive
tube with plug (top end closure and adapter to extension
handle) and cap (bottom end closure) removed. The shiny bit
is stainless steel and is permanently attached to the
aluminum tube (NASA photo S71-16527).

55 W W o

Fig. 13. A double length drive tube attached to an extension
handle is being driven by an Apollo 15 astronaut. The top
one-third of a lower tube, an entire upper tube, and the

bottom portion of an extension handle are visible (NASA
photo AS15-82-11161).

Fig. 16. Upper tube configuration of 4-cm diameter drive
tube with plug in place. The external threads on the bottom
allow this type tube to be screwed into a lower configuration
tube to lengthen the core barrel (NASA photo S71-16256).

Fig. 14. Hole remaining in lunar regolith after drive tube in
previous photo was removed (NASA photo AS15-82-
11163).

Fig. 17. Cap dispenser with teflon caps. Translucent caps,
of the type shown beside the dispenser, were used on Apollo
16 and 17. (NASA photo S71-45845).
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Fig. 18. A double length corer made by attaching an upper drive tube to a lower drive tube. The slender rod is a ram device
which allows the keeper to be pushed down to the surface of the soil to confine it inside the tube. The ram was inserted
through a small hole in the plug. (NASA photo S71-16525).



DRILL 15

BATTERY PACK
AND HANDLE

POWER HEAD
AND THERMAL
SHIELD

DRILL STEM

TREADLE

core stems were added. The power head was re-attached and
drilling continued. When the desired depth was achieved, the
drill was briefly powered at that depth to clear the flutes of
"cuttings". The power head was removed, the treadle was
installed over the protruding stems, and the drill string was
jacked out of the soil. The string was placed horizontally in
a fixture on the rear of the rover. Exposed ends were capped
as the string was broken into 2 or 3 sections for packing.

MANUFACTURER: Martin Marietta, Denver, Colorado

APOLLO MISSIONS: The surface drill was used on Apollo
missions 15 through 17. To obtain a soil column on
missions 15 and 16, six core stem tubes were used, and on
Apollo 17 eight core stem tubes were used.

COMPONENTS: Parts of the drill are described here as 4
components.

Drill Stem

Power Head

Battery

Accessories

DRILL STEMS

Fig. 19. Components of drill corer. Drawing from [37].

WEIGHT: 13400 g

DIMENSIONS: 58 x 24 x 12 cm (packed
configuration)

POWER: 430 watts

SYNONYMS: Apollo Lunar Surface Drill (ALSD)* (Figs.
19-20)

WEIGHT: The total weight of the drill, the sum of the 4
components described in this section, was 13400 g.

DIMENSIONS : When packed as shown in Fig. 21, the
dimensions were 58 x 24 x 12 cm.

POWER: The power head normally operated at 430 watts.

USE: This rotary-percussive drill was used to obtain a
continuous soil column up to 3 m in length and to provide
holes for emplacement of 2 heat flow probes.

OPERATION: The astronaut first attached the handle
(which also served as an "on/off" switch) to the power head
with battery. Then he set this aside while he assembled the
bit, lower core stem and one or two upper core stems. These
were attached to the power head and drilled into the regolith.
The power head was detached and one or two more upper

* All technical characteristics of the drill were obtained from [13,25],
except for individual drill stem weights and dimensions. These were
taken from ALSRC packing lists or measured by the author.

WEIGHT: A weight of 1200 g , the amount attributed to
the drill stem component in the total drill weight, represents
the weight of 5 upper stem tubes, one lower stem tube and
the bit. Each upper stem tube weighed 198 g, while the
lower stem tube weighed 176 g. and the bit weighed 48 g
(Figs. 22,23).

DIMENSIONS: The exterior diameter of the drill stems was
2.5 cm, while the interior diameter was 2.0 cm. The length
of an upper stem tube was 42.5 cm, which included 2.5 cm
of overlap where the tubes screwed together. Thus each tube
was capable of holding a column of soil 40 cm long. The
lower stem tube was shorter because the bit was attached to
it. The lower stem tube was 39.0 cm long, and the bit was
6.0 cm long. When the bit was attached to the lower stem
tube the length was 42.5 cm, like an upper stem tube.

CAPACITY: A 3-m length drill string (which required 8
core stem tubes, as was done on Apollo 17) had a capacity

of 940 cm3 of soil.

MANUFACTURERS: Chicago Latrobe, cutting tips;
Martin Marietta drill stems
MATERIALS: The structural metal of the tubes was

titanium alloy Al-4V. The threaded joints were lubricated
via an electrochemical process, similar to anodizing, called
canadizing. This process produced a hardened surface
impregnated with a fluorocarbon with controlled porosity
into which TFE was deposited. The bit was made of Hy-tuf
steel into which 5 tungsten carbide cutting tips were brazed.
Caps for the tubes were teflon.
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Fig. 20. Apollo Lunar Surface Drill being tested by subject in space suit. The handle, battery, power head and drill stems are
visible. A stand containing bore stems is in the foreground (NASA photo S70-29673).




DRILL 17

Thermal
Shroud

PACKED
CONFIGURATION

Treadle

| g
Fig. 21. Packing configuration of Apollo Lunar Surface Drill. Core stems were packed separately by the Lunar Receiving

Laboratory. Drawing modified from [13]. —

SPECIAL MATERIAL PROCESSING: On Apollo 17, to
reduce lead contamination of the cored soil from the drill
stems and bit, the core stems were treated with nitric acid
and special processes were employed in the application of
lubricant and color-codes. Excess brazing compound was
removed from the core bit to reduce silver and copper
contamination.

Fig. 22. Drill bit with 5 tungsten carbide cutting tips. The
bit is 6.0 cm long, and the narrow end is typical of threaded
joints between the stem tubes.
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Fig. 23. Standard length tube (upper stem section), bit-
holding core tube (lower stem section) and drill bit (NASA
photo $89-25295).

DRILL POWER HEAD

WEIGHT : 4000 g

POWER: 430 watts was required by the 0.4 h.p. brush
commutated, direct current motor.

MANUFACTURER: Black & Decker

OPERATION: The power head delivered 2270 blows per
minute and 280 RPM to the drill stem.

MATERIALS: The power head housing was magnesium
alloy QE-22A-T6 coated with a white thermal paint. The
teflon-based fluorinated lubricants were DuPont Krytox 143-
AC oil and 240-AC grease.

DRILL BATTERY

WEIGHT: 3500 g.
DESCRIPTION: 16 silver oxide-zinc cells

MANUFACTURER: Yardney Electric Corp.

DRILL ACCESSORIES

WEIGHT: 4700 g

DESCRIPTION: Included treadle, 12 bore stems, bore stem
adapter, thermal shroud, thermal guard, handle and actuator
assembly, wrench, 2 core stem caps and retainer. The treadle
included a jacking mechanism to aid in extracting the drill
string from the soil (Fig. 24). When drilling holes for heat
flow probe emplacement, bore stems were used. These
resembled drill stems, but were made of epoxy fiberglass
containing glass and boron filaments. The bore stem bit had
a solid face.
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Fig. 24. Treadle with a device to aid in extracting the drill string from the soil. (The treadle is so named because its original
purpose was to hold the drill down by foot when drilling into rock. In fact, the drill was screwed into the soil by the external
flutes, and consequently, was difficult to remove unless the flutes were completely cleared of "cuttings" by powered action at
constant depth.) Photo from [13].
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CL _____EXTENSION HANDLE

Fig. 25. Shorter style extension handle used on early Apollo missions (NASA photo S69-31844).

e WL
Fig. 26. Tools of the type used on Apollo 11 (L to R):
lighter weight hammer, gnomon, shorter tongs, shorter
extension handle, box-shaped scoop. The extension handle
was used with the hammer and the scoop (NASA photo
S69-31860).

Two styles of extension handles (Figs. 25-30) were used on
the moon. The model used on the later missions was
slightly longer, heavier and more streamlined in appearance.

USE: A single extension handle could be used with a scoop,
hammer, rake, core tube or drive tube, thus, saving the added
weight of each tool having a long handle (Fig. 26). When
attached to a core tube or a drive tube, the extension handle
was pounded with the hammer to drive the tubes into the
soil (Fig. 27).

MANUFACTURER: NASA, Johnson Space Center

APOLLO MISSIONS: This shorter extension handle was
used on Apollo 11 and 12.

Fig. 27. Shorter style extension handle attached to core tube
and being driven with a hammer by astronaut Buzz Aldrin on
Apollo 11 (NASA photo AS11-40-5964).

e

LONGER EXTENSION HANDLE

WEIGHT: 770 g Apollo 14
820 g Apollo 15, 16, 17
SHORTER EXTENSION HANDLE DIMENSIONS: 76 cm overall length
15.5 ¢cm width of 'T' handle
WEIGHT: 590 g
DIMENSIONS: 61 cm overall length MATERIALS: The long shaft was aluminum alloy 2024-

15.5 cm width of 'T' handle

MATERIALS: The 'T' handle and the main shaft of the
extension handle were made from aluminum alloy 6061/62-
T6. The end pounded by the hammer was reinforced with
303 stainless steel.

T3, and the end pounded by the hammer and holding the 'T'
handle was 303/316 stainless steel (Fig. 28).

APOLLO MISSIONS: This longer extension handle was
used on Apollo 14, 15, 16, and 17 (Figs. 29 and 30).




EXTENSION HANDLE 21

SR . 2 27 d (‘
£ ’:‘ ,I:' A " . ' :

Fig. 29. Longer style extension handle attached to scoop at

Apollo 16 site (NASA photo AS16-109-17846). at Apollo 17 site (NASA photo AS17-146-22291).
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Two basic styles of hammers (Figs. 31-34) were used on the
moon. The model used on later missions was heavier with
more surface area on the side of the hammer head.

USE: This tool was used to break chips from rocks or to
drive core tubes into the soil (Figs. 31 and 27) It was
designed to be used as a hoe for digging furrows when
attached to an extension handle (Fig. 32).

MANUFACTURER: NASA, Johnson Spacecraft Center

MATERIALS: The hammer head on both styles of
hammers was made of tool steel [AISI S5] which was coated
with vacuum deposited aluminum. The handles on both
styles were made of aluminum alloy 6061-T6.

Fig. 31. Heavier weight hammer in use on Apollo 15 (NASA photo AS15-82-11140).

LIGHTER WEIGHT HAMMER

WEIGHT: 860 g
DIMENSIONS: 41 cm overall length
16 cm hammer head length
3.8 cm hammer head thickness

APOLLO MISSIONS: Hammers of this style were used on
Apollo 11 and 12 (Fig. 33)

HEAVIER WEIGHT HAMMER

WEIGHT: 1300 g

DIMENSIONS: 39 cm overall length
16 cm hammer head length
3.8 cm hammer head thickness

APOLLO MISSIONS: Hammers of this style were used on
Apollo 14, 15, 16 and 17. However, there were minor
changes in configuration of the handle and adapter through
out these missions.
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Fig. 32. Lighter weight hammer attached to extension handle for use as a hoe (NASA photo S60-31849).

Fig. 33. Lighter weight hammer of the type used on Apollo 11 and 12 (NASA photo S69-31847).

Fig. 34. Heavier weight hammer of the type used on Apollo 14, 15, 16, and 17 (NASA photo S71-22471).
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Fig. 35. Lunar rover soil sampler with 12 round sample bags attached to Universal Handling Tool. Drawing from [22].

The LRV (lunar roving vehicle) soil sampler (Figs. 35,36)
consisted of a ring which held 12 nested cups for collecting
soil. This device was attached to a long handle called the
Universal Handling Tool which enabled the astronauts to
obtain lunar soil samples without getting off the rover. As
cach sample was taken, the cup full of soil was removed,
scaled and put away. Thus, 12 soil samples were taken
before the set of nested cups needed to be replaced. The cups
used in the LRV Soil Sampler were called Round
Documented Sample Bags.

WEIGHT: 140 g

DIMENSIONS: 25 cm approximate length
8 c¢cm cup diameter
13 ¢cm cup depth

WEIGHT: It was not clear whether the 140 g weight, taken ‘

from the Apollo 17 Flight Stowage List, excluded the the  Fig. 36. LRV soil sampler. Photo from [22].
12 sample cups or Univeral Handling Tool. Based on

weight comparisons with other tools, it was unlikely that

the UHT was included in the 140 g.

DIMENSIONS: The 25 cm length cited was estimated from
a photograph and included only the sampler, not the
Univeral Handling Tool shown in Fig. 35.

APOLLO MISSIONS: Apollo 17.

MATERIALS: The plastic bags, which were probably
teflon, had an aluminum supported rim to facilitate sealing
the sample [22]. The basket frame and rim appear to be
stainless steel, and the handle appears to be anodized

. £ 3
aluminum.

* Observation of typical LRV soil sampler basket by author.
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Rake being used in soil on Apollo 16 mission (NASA photo AS16-116-18690).

I NG 4

1500 G
29.4 cm basket length
29.4 cm basket width
10.4 cm basket thickness
22.3 cm handle length

1 cm tine separation

WEIGHT:
DIMENSIONS:

USE: The rake was used to gather a representative collection
of pebbles > 1 cm from the regolith. It was used with an
extension handle, and the angle of the basket was adjustable.
First, an undisturbed bulk sample of regolith was taken.
Then approximately 1 m2 of surface was raked to collect all
pebbles greater than 1 cm.

APOLLO MISSIONS: The rake was used on missions 15,
16 and 17 (Figs. 37 & 39).

MANUFACTURER: NASA, Johnson Space Center

MATERIALS: The tines on the rake basket were made from
17-7 PH stainless steel wire 1/16 in. in diameter. The spout-
like sidewalls on the basket were made from aluminum alloy
6061-T6 (Fig. 38)

-Fig. 38. Lunar soil rake showing stainless steel tines,
aluminum sidewalls on basket and adjustable angle handle.
Photo from [22].
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Fig. 3Y. Apollo 17 astronaut has collected tens of rocks > 1 cm in diameter by raking the soil. Rake marks are visible in
soil (NASA photo AS17-134-20425).
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Four styles of scoops were used on the moon to collect soil
samples (Figs. 40-47). Two styles, a box-shaped scoop and
a small scoop, maintained a fixed angle between the handle
and the scoop mouth. These were used on early missions
(11,12 and 14). Later, on Apollo 15, 16 and 17, scoops with
an an adjustable angle between the handle and the scoop
mouth were used in place of the rigid scoops. All four

scoops were made to be used with an extension handle. Due
to reduced gravity and the cohesiveness of lunar soil, scoops
required a cover and a rotating scooping technique to control
the soil (otherwise, the soil was propelled in an arc, often
covering astronauts or equipment with dirt).

Fig. 40. Large, box-shaped scoop attached to shorter model extension handle (NASA photo S69-31583).

LARGE, BOX-SHAPED SCOOP

WEIGHT:
DIMENSIONS:

400 g

39 cm overall length
15.2 cm box height
9.3 cm box width
15.2 cm box depth

MANUFACTURER: NASA Johnson Space Center

MATERIALS: The pan structure (box-shaped portion) was
made of aluminum alloy 6061. A stainless steel wire mesh
sieve was designed to cover the pan opening, but no
evidence was found of fabrication or use of the mesh.

APOLLO MISSIONS: The box-shaped scoop was flown on
Apollo 11, 12 and 14 [1,2,11]. Techniques for using this
scoop are shown in Fig. 42.

Fig. 41. Box-shaped scoop (NASA photo S69-31846).



28 SCOOP

o v »

photo S69-32243).

SMALL SCOOP

163 g*

34 cm overall length
6.6 cm pan width

3 cm pan height

WEIGHT:
DIMENSIONS:

MANUFACTURER: NASA Johnson Space Center

MATERIALS: The scoop pan was made from aluminum.
The edge of the pan was reinforced with a steel blade, for use

as a chisel.¥ The top of the scoop, where the extension
handle could be attached, was reinforced with steel* for

* Typical scoop weighed and measured for this catalog.
+ Uel Clanton, personal communication (1989)

# Based on appearance of typical scoop examined for this catalog

Fig. 42. Astronauts practice using large, box-shaped scoop to fill sample bag with soil in simulated lunar setting (NASA

absorbing blows during use as a chisel; however, the scoop
was not used as a chisel on the moon.

APOLLO MISSIONS: This scoop was used on Apollo 12
and 14. It was part of the tool set for the small tool carrier.
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Fig. 44. Use of small, non-adjustable scoop on moon
during Apollo 12 mission (NASA photo AS12-49-7312).

Fig. 45. Small, adjustable-angle scoop (NASA photo S71-
22472).

SMALL, ADJUSTABLE-ANGLE SCOQOP

WEIGHT:
DIMENSIONS:

516 g

32.8 cm overall length
7.3 cm pan width

4.6 cm pan height
12.7 cm pan length

MANUFACTURER: NASA, Johnson Space Center

MATERIALS: The pan was made from 17-7 PH stainless
steel.

APOLLO MISSIONS: This scoop was used only on Apollo
15, the first mission to employ the large tool carrier
mounted on the Lunar Roving Vehicle. The scoop was
stowed for use on this tool carrier. Later missions employed
a larger version of the adjustable-angle scoop. All adjustable-
angle scoops were designed to be pushed or pulled.
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LARGE, ADJUSTABLE-ANGLE SCOOP

WEIGHT: 590 g

DIMENSIONS: 35.4 cm overall length
11.4 cm pan width
5.1 cm pan height
15.2 cm pan length

MANUFACTURER: NASA, Johnson Space Center

MATERIALS: The pan was made from 17-7 PH stainless
steel.

APOLLO MISSIONS: The large, adjustable-angle scoop
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