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FOREWORD

This document is prepared and submitted in
accordance with the requirements of Contract
NAS9-9462, Article III B, items 11 & 16 and
Exhibit C paragraphs 2.13, 2.14, and 2.8.

This document supersedes Martin Marietta
Report number ER 14756; DSM-1 and DSM-2
prepared under Contract NAS9-6587.

This document includes a description of the
Apollo Lynar Surface Drill with associated
Ground Support Equipment, lunar mission re-
quirements, operating and service instructions,
spare parts distribution, and transportation
and storage requirements,

This Jocument is approved per NASA-MSC letter
EA22/11~19/L362,
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I, SUMMARY AND INTRODUCTION
1,0 GENERAL CONTENTS

The ALSD Familiarization and Support Mamal contains equipment descrip-
tions, operating procedures and support instructions necessary to maintain
the Apolle Lunar Surface Drill at a field level of operation. Major areas
contained in the manual include:

] Interfaces with the Apollo Tunar Surface Experiments Package (AJ.SEP)
° Operational Requirements
b Equipment descriptions with major part number identifications
®  ALSD Operating Procedures
A Service Instructions
e BXA  and KSC Prelaunch Operations
® Spare Parts Distribution
® Transportation and storage requirements
2.0 EQUIPMENT CHECKOUT AND MAINTENANCE CONCEZPTS

The field level checkout and maintenance requirzments for the ALSD
have been minimized because of the relatively short service life, simpli-
city, and portability of the equipment. Elaborate GSE for the ALSD system
was eliminated during concept definition. Extensive factory checkouvt re-
quirements of the ALSD and the relative simplicity of the equipment pro-
vides a high degree of confidence that it will function properly during
the lunar mission,

Since Training Unit No, 2 will be subjected to greater usage than
the flight units, a periondic inspection check list has been established
for it. Training Unit No. 1 is a ligh*weight, nonoperational model to
similate the 1/6 G lunar gravitational enviromment. It is a deployment
training model for use by the astronauts for procedure rehearsal, and
sclentific experiment positioning on the simulated lunar surface at the
MSC Houston. The training units will be returned to the factory for
detailed inspection and repairs if required. A syare parts inventory
has been established to support both field level and factory level main-
tenance requirements.

I-1
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The checksut and meintenance summary chart for both the flight and

training unit ALSD's is diagrammatically iilustrated in Figure I-1.
It is recommended that Martin Marietta Corporation technical assistance
be provided when performing checkout and maintenance activities.

3.0 SFARES

The spares provisioning and distribution system for the ALSD system
is es*tablished in conformance with the checkout and maintenance concepts.
Spares which are readily replaceable at the "black box" level are provided
at the required fie'd locations. Other more complex components requiring
factory .evel installation, adjustments, and testing will be maintained
in the f.ctory GFE inventory until required. A list of spares for the
ALD program is tabulated in a later section of this manual.

F.gure I-2 diagrammatically illustrates the spares distribution system
for the ALSD,

I-2
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POWER HEAD FACTORY CHECKOUT BATTERY FACTORY CHECKOUT

Mechanical Inspections - Mechanical Inspection
Bare Motor Run-In Test - Cell Resistance Test
Bare Motor Brake Test - Cell Pressure Integrity Te:
Bare Motor Locked Torque - Circuit Contiruity Test
Bare Motor Temperature Rise - DNlelectric Strength Test

p . Percussor Spring Energy Measurems:nt - Insulation Resistance Teat
Assembly Load Test (RPM, BPM, Current) . Case Pressure Integrity Test
Dielectric Strength Test :
Flectromagnetic Interference Test

ALSDASSEMBLY FACTORY CHECKOUT 1 {
. Mechanical Inspection

Battery Assembly Pressurization Test

Power Head Pressurization Tesi

Rock Penetration Rate Test, Power

Requirement and RPM FACTORY CHECKOUT
Treadle Lock/Core Stem /Wrench Lock Test
Deployment Test - Inspection and repair as required
Interface and Fit Checks

4
Weight and ALSEP Control Tool Interface -

ALSD Flight Units ALSD Training Units

‘ - e - ———— — - ———— —— —— G W — G V= ;-+ ————————————— e e — - —————————

NASA-MSC LRL

! « Sterilization of Core Stems, Caps and NASA-MSC !

Installation in SRC - ALSDOperational Training Tests

BXA ASSEMBLY AREA |

. Mechanical Inspection

. ALSEP Interface Fit Check

Battery Pressurization Test

Power Head Pressurization Test
Deployment Test

Battery Assembly Activation (Test Only)
Power Head Operation Test

W\,
e o o @

e nion vt -

NASA-KSC ASSEMBLY AREA

- Battery Assembly Activation
« Power Head Operational Test

. ALSEP Pre-Installation Checkout

[

NASA-KSC LAUNCH PAD
> . Installation Aboard ALSEP/LM

;
L

|

*

) Figure I-1, Recommended ALSD Checkout and Maintenance Summary Chart
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POWER HEAD FACTORY CHECKOUT

BATTFRY FACTORY CHECKOUT

Same as Figure I-1 for Flight Back-Up Unit
Miscellaneous Spare Component Inspections

Same as Figure I-1

ALSD ASSEMBLY FACTORY CHECKOUT | J

GFE STOREROOM

l . Same as Figure I-1 for Flight Back-Up Unit

Power Head Components

Misc. Spare Subassembly Inspections

Miscellaneous

ALSD Flight Spares

NASA-MSC LRL

Same as Figure I-1

BXA ASSEMBLY AREA

Same as Figure I-1 for Flight Back-Up Unit
Pressurization Unit

Battery Charging Unit

Battery Assemblies

Miscellaneous Components

NASA-KSC ASSEMBLY AREA )

+ Complete ALSD Flight Back- Up Unit
--{ . Battery Assemblies
- Miscellaneous

ALSD Training Spares

NASA-MSC

Accessory Group -
Training Battery Assemblies
Training Battery Cell Sets
Core Bits

Core Stems

Bnre Stems

Drill Bits

Miscellaneous

Figure I-2, ALSD Spares Distribution
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II, ALSD MISSION REQUIREMENTS AND GENERAL SYSTEM DESCRIFPTION
1,0 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE (ALSEP)

The ALSEP is a group of scientific experiment and support subsystems
which will be deployed on the surface of the moon by the Apollo astronauts.
The ALSEP will measure lunar physical and emviroomental characteristi:s
and transmit the data to receiving stations on Earth up to one year after
departure of the astronauts. This data will be used to derive information
on the composition and structure of the lunar body, magnetic field, atmosphere,
and the solar wind.

The ALSEP consists of the foullowing subsystems:

o Structural/thermal subsystem

. Electrical power subsystem

A Data subsystem

b Eight experiments in varying combinations

hd Apollo lunar hand tools subsystem

The eight experiments consist of the following subsystems:

b Passive seismic

b Magnetometer

° Solar wind

. Suprathermal ion detector

L Active seismic

. Heat flow with supporting ALSD

b Charged particle lunar enviromment

U Cold cathode gauge

The purpose of the ALSD is to provide a means for a single astronsut
to emplace Heat Flow Experiment (HFE) probes below the lunar surface and

to collect subsurface cores. Emplacement of the HFE probes requires the
boring of two subsurface holes to a maximim depth of three meters. The
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bore stems remain in position in the lunar soil and function as an en-
casement to preclude cave-in of unconsolidated lunar material, and to
facilitate insertion of the probes. A subsurface core is to be obtained
by powering six core stems into the lunar soil, removing and capping

the stems for subsequent transport to Earth in a Sample Return Container
(SRC).

2.0 ALSD/ALSEP INTERFACES

The ALSD is designed as a totally integrated system which mechanically
interfaces with the ALSEP Subpackage Number 2 during transit from Earth
to the lunar surface in the Lunar Module (IM) Scientific Equipment Bay
(SEQ). Conceptual illustrations depi.ting these interfaces are presented
in Figures II-1 and II-2. ALSEP Subpackage No. 2 is shown in Figure II-3.

Upon arrival on the lunar surface the ALSEP subpackages are removed
from the LM-SEQ by the astronaut. The ALSD is detached from the ALSEP sub-
package by the astronaut, and the subsequent drilling operations are per-
formed completely independent of the ALSEP,

The ALSD core bit, core stems and caps are stowed in the SRC during
the outbound flight. These items are subsequently removed from the SRC i
by the astronaut and integrated with the ALSD during the post-landing
preparations.

3.0 OPERATIONAL RCQUIREMENTS

3.1 Drilling

The ALSD possesses the capability of boring and coring in all anti-
cipated lunar surface materials ranging from low density, fragmental
material to dense basalt. Contractually defined lunar surface model
sim:ilations for ALSD design guidelines include:

1) Two holes, three meters in depth in materials having particle
sizes ranging from less than 3 millimeters in diameter to
approximately 16 inches in diameter.

2) Tvo holes, three meters in depth, in msterials similar to 1)
above, but part of this model includes two tabular pieces
of 407% vesicular basalt, one 10 inches thick, buried 5 feet

below the model surface and one 5 inches thick 10 feet below
the model surface.

3.2 Environmental ‘
The ALSD possesses the capability of performing the lunar surface 1
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drilling mission described in paragraph 3.1 after being subjected to the
translunar and lunar environments. Major environmental criteria which
influenced the sy.tem design included:

1) Translunar

a) Sho~k, vibration, and acreleration of levels and dura-
tions specified in zpplicable contractual documents,

b) Thermal-vacuum exposure to ambient pressure 1 ~ls of
10-8 tor~, and SEQ wa'l temperatures between 20:“F and
160°F, Nominal exposure time during the translunar
portion of the mission is 106 hours.

2) Lunar Surface
a) 1/6-G gravitational field.
b) Thermal-vacum exposure resulting from the low ambient
pressure (10‘13 tcrr range) or the lunar surface, and sun
angles between 9° and 45° above the local horizon. Maxi-
mum exposure time during the lunar surface mission is -

36 hours.

3.3 Weight and Volume

Limitations of the SEQ and ALSEP requirz that the ALSD (exclusive
of core stem and caps) be packaged within a ‘- olume not to exceed 7 x 5.6
! x 22.68 inches., A maximum weight limitation of 31.0 pounds has been im-
posed upon the ALSD, The flight configuration weight is less than 30,0
pounds.

4.0 GENERAL SYSTEM DESCRIPTLION

The drilling device which wiil be employed to praduce the lunar sub-
surface holes is a hand-held, battery-powered, rotary-percussion drill.
The cotary-percussion drilling principle wa: selected for this application
because: (1) the axial bit pressure and rotary torque requirements for
44 efficient drilling are considerably less than that required for rotary
driliing; (2) the drill bit operating temperarures are sufficicntly low to
preclude the requirement for a drill bit coolant such as air or water; and
(3) the tungsten-carbide bit cutters will drill with reasonable efficiency
in the presence of a sma'l dust layer in the bottom of the ole vwhich is
inherent with a mechanical cuttings transport system,
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The ALSD is inherently capable of coring a 1.032-inch diameter hole
in dense basalt (22,000 psi compressive strength) at a maximum rate of
2.5 inches per mimute, or 43% porosity vesicular basalt at a maxirum rate
of 6 to & inches per minute, with an optimum applied axial bit pressure
of 60 pounds. Under actual lunar surface drilling conditions, the maximum
driliing penetration rate is degraded in proportion to the hole depth and
available axisl bit pressure which can be mamually applied by the astro-
naut. For 2 hole depth of 1.5 meters and nominal astronaut applied axial
bit presgure of 10 to 12 pounds, the dense and vesicular basalt penetration
rates are reduced to appreoximately 1 and 5 inches per minute respectively.
Penetration rates in conglomerate or pumnice type materials vary from 30
to 120 inches per minute. Boring performance of the ALSD is essentially
the same with the boron-fiberglas stems and solid face bit except the
hole diameter increases to 1.125 inches.

The ALSD is designed as a totally integrated system which interfaces
with the ALSEP pallet located in the LM-SEQ during transit from Earth to
the moon's surface. The drill, with its various subsystems, can be re-
moved as a single package from the ALSEP subpackage and transported by
the astronaut to the selected drilling site for subsequent aesembly and -
operation. The core bit, core stems, and caps are transported separately
to the lunar surface in a sample return container.

A brief description of the ALSD subsystems, (Ref. Figure II-4), required
to perform the lunar surface drilling mission follows:

1) Batte~v - Provides the total electrical power capacity required
to perform a three-hole lunar surface drilling mission.

2) Battery Thermal Shroud - Provides low temperature protection
for the battery during lunar surface operations at a low sun
angle.

3) Power Head - Contains the electric motor, percussion and
rotation systems required for powering the drill bit and core bit.

4) Power Head Thermal Guard - Prevents the astronaut from
accidentally contacting areas of the power head which may
exceed + 250°F during drilling operations.

5) Handle and Switch Actuator Assembly - Provides the astronaut
with & means of mamual restraint and motor control of the drill,

6) Drill and Core Bits - Provide the cutting capability required
for rock penetration.
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7 Bore Stem - Transmits the rotary-percussion energy from the
power head to the bit and mechanically transports cuttings
from the bit to the surface.

8) Core Stem - Transmits the rotary-percussive energy from the
power heal to the bit and provides a means fur core collection,

9) Core Stem Caps -~ Precludes loss of core material from the core
stems,

10) Bore Stem Adapter - Couples bore stem to power head output
spindle.

11) Wrench - Provides a means of decoupling core stems, and an
alternate wmethod for adapter removal.

12) Rack Assembly - Provides outbound mission stowage restraint
for bore stems, wrench, and handle assembly, and provides
temporary vertical stowage of bore stems, core stems, core
stem caps and wrench during lunar drilling/coring operations.

13) Treadle Assembly - PYrovides structural restraint for the
entire ALSD system during outbound mission stowage, and houses
the core string lock used in conjunction with the wrench for
core stem decoupling operations.

Ms jor items of GSE required to support the ALSD include the following:

1) Shipping Container - Provides a convenient means for shipping
or hand-carrying the ALSD assembly.

2) Pressurization Unit - Provides capability for sequentially
pressurizing the battery and power head for verification
\ of relief valve operation and seal integrity.

3) Battery Charging Unit - Provides capability for recharging
of battery if required.

4) Battery Activation Kit - Contains electrolyte for individually
activating the sixteen battery cells,

5.0 GENERAL MISSION SEQUENCE DESCRIPTION

5.1 ALSD Fabrication and Assembly

All elements of the ALSD are fabricated and integreted into the
basic system at the prime contractor's facility., The syctem is subjected
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to a rigid acceptance test consisting of the following me jor steps prior
to shipment:

1) Power head and battery pressurization and seal integrity
verification,

2) Power head and battery electrical circuit checkout,
3) Mechanical interface of all subsystems,

4) Operational coring test inclusive of rotational speed, power
requirement, and basalt penetration rate measurements,

5) Bore stem operational release test,
6) Operational deployment test,

7 Mechanical interface with ALSEP control tool,
) Mass properties and envelope measurement,

9) Vibration

Upon completion of acceptance tests, all elements of the flight
unit drill systems are cleaned, bagged, and packaged in a special -
aluminum shipping container, Battery activation electrolyte is packaged
and shipped separately. The core bit, core stems and caps are shipped
to the LRL located at NASA-MSC, These elements are subsequently sterilized
and integrated into the SRC for stowage during the outbound mission,

5.2 KSC Checkout and Integration with ALSEP Aboard LM

The ALSD will be removed from the ALSEP and held in the KSC
Assembly Area for battery activation and final checkout, Installation
of the ALSD with a freshly activated battery on the ALSEP (previously
installed in the LM-SEQ) will be aceomplished within two days prior
to the acheduled launch,
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5.3 Lunar Surface Transport Mode

Upon arrival on the lunar surface, the ALSEP subpackage will be re-
moved from the LM-SEQ, and the ALSD removed from the subpackage. The
core stems and core stem caps will be removed from the SRC and placed
in the ALHT carrier or ALSD rack, Transport modes are described in
Chapter V,

5.4 Lunar Surface Operating Mode

The astronaut will employ either the MESA SRC table or the ALHT
carrier as a work platform for assembly of the ALSD, Detailed operating
procedures for the ALSD are presented in Chapter V,
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III. ALSD SUBSYSTEM DESCRIPTION

1.0 CONTAINER FOR ALSD (Ref. Figures III-1, -2)

1.1 General - A shipping container is provided for transporting or
hand-carrying the basic ALSD assembly in the stowage mode prior fo in-
stallation aboard the ALSEP subpackage. Commercial transportation re-
gulations require that the battery activation kit with elect:olyte be
shipped in a separate container. Core stems and cap assemb’jes are also
packaged separately for transport tn the NASA-LRL for integration with
the SRC.

1.2 Construction - The basic element of the shipping container is

a commercial-type, aluminum carrying case. Polyethylene closed-cell
foam i8s bonded to the bottom and 1id of the case in a manner to preclude
excessive movement of the ALSD assembly during transport.

2.0 ALSD CONTAMINATION CONTROL (Ref. Figure III-2)

2.1 Generual-The ALSD Flight Unit Subassemblies, final assemblies,
and spare batteries are carefully cleaned,after final painting and
acceptance testing, in the Martin Marietta Corporation's Certified
Contamination Control Room to the following levels of cleanliness:

No hydrocarbons detectable under ultra-violet light (Black-
light).

2.2 Contamination Control Bags - Upon certified completion of the
cleaning process, the ALSDs sre sealed in Polyethylene bags.
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2.3 Contamination Control Samples - In order to ensure an identifiable
control of ALSD equipment which may contact the return lunar material
specimens, control samples are maintained and ultimately forwarded to the
NASA-LRL. These control samples are fabricated from the same raw material
stock as the flight unit components, and are subjected to all manufacturing,
painting, and final cleaning processes.

For each flight unit the following contamination control samples
are provided:

1) Three core bits,
2) One Core Stem,
3) One Wrench,
4) Three core stem caps and a cap retainer,
3.0 ALSD STOWAGE MODE ASSEMBLY (Ref. Figures III-3, -4, -5)

3.1 Assembly Integration - The ALSD assembly consists of three major
subassemblies:

1) Battery, thermal shroud, power head and thermal guard
assembly,

2) Rack assembly, inclusive of the wrench, handle and switch
actuator assembly and bore stems,

3) Treadle assembly

The treadle assembly provides the major restraining element of
the ALSD stowage mode assembly. The combined battery, thermal shroud,
power head and thermal guard assembly is restrained to the treadle by
means of the power head support bracket (Ref. Figures III-3, -14) and
the battery camloc (Ref. Figures III-5, -14). The rack hinged mounting
bracket also pr vides restraint to the rear of the power head by a hold-
down tab which bears against the power head. The rack is restrained to the
treadle assembly by means of the rack hinged mounting bracket camloc
(Ref. Figure III-3, -14), the rack-to-treadle forward support pin (Ref.
Figures III-3, -14) and the rack-to-treadle rear pull pin (Ref. Figures
III-5, -14).

3.2 ALSD/ALSEP Interface - The ALSD is stowed on the ALSEP subpackage

in the orientation illustrated by Figures III-4 and -5. Restraint to the
ALSEP is accomplished by means of four support pins:
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1) Two round nose support pins mounted on posts located in
the bottom &nd of the ALSEP subpackage engage twe mating re-
ce, tacles (through oversize holes in the battery shroud)
located on the ALSD battery as illusrrated in Figure III-5,

2) One support pin located on the upper surface of

the ALSEP subpackage which engages a mating ALSD receptacle
as illustrated 1in Figure III-¢4,

3) One ball detent pin which inserts through a hole in the
ALSD hold-down bracket illustrated in Figure
III-4 engages a mating receptacle mounted in the ALSEP
structure.

The proper size and location of all ALSEP interface points on
the ALSD are controlled by an interface tool fuirnished by BXA,

4.0 BATTERY (Ref. Figures III-6, -7)

4.1 General - The purpose of the battery subsystem is to provide the
power necessary for a single lunar surface drllling mission. It has

the capability for being detached fron. the power head for prelaunch
activation and checkout. It comprises as major components a case, battery
cells, power switch, electrical connector, pressure relief valve, thermal
coating, and mounting brackets for the handle and switch actuator assembly.
All components have been designed for an optimum performance-to-weight
ratio.

4.2 Case - The battery case consists of an AZ31B-H24 magnesium alloy
enclosure, 6.28 x 5.86 x 3,9 inches, with provisions for a pressure relief valve,
electrical receptacle, and power switch. Integral with the case are

threaded bosses for securing the case to the power head, and brackets

for securing the handle and switch actuator to the case. The top of the

case incorporates support pin receptacies for securing the ALSD system

to the ALSEP subpackage, and an access cover for prelaunch battery

activation. The externai surfaces of tne case are coated for a high ratio
of thermal emissivity-to-absorptivity to control the battery temperature
profile during lunar surface operation. The internal surfaces of the

case are ccated with a monoseal resin to reduce the possibility of cell-
to-case high resistance paths in the event of minor losses of electrolyte.
The case material provides shielding of active circuit elements and
conductors for containment of potential electromagnetic interference
radiation sources. The construction cf the case is sufficient to support
a pressure in excess of the 5 + 1 psi control level of the pressure re-
lief valve.
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Conscruction of the training battery cases is similar, except
stainless stcel {8 substituted for the magnesium alloy used in flight
units.

4.3 Battery Cells - The battery cell assembly is a prima.y silver
oxide-zinc system consisting of 16 individual cells which operate a. 3
nominal output of 23.0 + 1 VDC at 18.75 amperes for 40 minutes. Each
cell has a vent valv: to maintain a cell pressure of 8 + 3 psi while
allowing relief of any excess gases. The battery is activated by filling
each cell with electrolyte (17 cc of 407. KOH) as part of the prelaunch
operations. Cell cases are fabricated from a high temperature plastic
(cycolac X-27) which can function safzly at temperatures up to 225 F

if required.

Training bat“ery cells are of the secondary type possessing a
multiple recharge capability. These cella6 fabricated from Bakelite
C-11 with a softening temperature of +185 F, are heavier than the flight
cells. They can deliver the required power for approximately 16 minutes,
Activation electro:yte for each cell consists of 21 cc of 427 KGH.

4.4 Power Switch - The power switch i{s a single pole, single throw,

heavy duty microswitch with a push-to-activate mechanism. The eswitch -
portion of the assembly is contained by the battery case with the

push-to-activate mechanism protruding through the case for external

operation. Seal integrity is maintained by means of an APM Hexseal boot.

The Hexseal boot, in turn, interfaces witn the handle and switch actuator

assembly mechanism when the latter is installed on the battery.

4,5 Electrical Connector - The electrical connector is necessary to
permit decoupling of the electrical power circuit when the battery sub-
system ie removed from the power head. The shell of the connector 1is
overlapped by the shell of the male connector on the power head when
joined. Thias cverlap serves as shielding co contain any electromagnetic
interference emanating from the conductors. Case/connector seal integrity
is maintained by a preformed "0" ring. The mated battery and power head
connectors are enciccled by a .007-inch wall co-netic AA sleeve to further
reduce the level of radiated electromagnetic interference.

4.6 Pressure Relief Valve-The pressure relief valve mnintains an
absolute pressure of 5 + 1.0 psi of nitrogen in the battery case to
preclude electrolyte vaporization in the event of a cell vent valve
failure.

4.7 le Mounting Brackets - The handle brackets extend from the i
batter, case and sre uaed to support the ALSD handle and switch actuator

assembly during ALSD operation. Due to spacecraft stowage volume

limitations, the bandle is stowed sepsretely from the mounting brackets
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during transit to the lunar surtace.

4.8 Thermal Contru: System ~ Temperature control of the battery is
essertial fog proper 8perating periormance. An operating .emp tvature
range of 420 to +225 F has beer established for the battciy.

Internally generated heat within the cells durirg drilling opera-
tions is conducted outward through the cell pack to tn: outer walls of
the battery. Thermally conductive silver-siliccne grease is employed
to fill the voids between the cell block and the outer walls. The
prassurizing medium also provides, to a 'scser degree, conductance of
internally generated heat to the outer case surfaces. The battery is
isol.ted from the higher operating temperature power head by means
of thermal isolation bushings at the mechanical interface. Radiation
from the power head to the battery is mirimized.by a thermal shield
comprised of multiple layers of aluminized mylar between the two units,
The external surfaces of the battery are painted with a finish possessing
an absorptivity (a) of 0.21, and emigsivity (¢) c¢f 0.88, which radiates
the heat tc space and the lunar surface.

Under low temperxsture operating conditions (low SEQ temperature
and low lunar sun angle ab.’e the horizon, the thermal finish vtilized
on the battery case posseésses incorrect characteristics for stabilizing
the battery temperature. A removable opattery shroud is employed for the
low temperature profile mission A more detailed descriptior of the
shroud is presented in the following paragraph.

5.0 THERMAL SHROUD (Ref, Figures III-6, -8)

5.1 General - A thermal shroud is assembled to the battery to provide
temperature compensaticn when operating under the combined effects ot
minimum “4Q temperature (20°F) and lci sun angles above the lunar horizon
in the range of 9 to 22 degrees. Thc thermal shroud will always be in-
stalled on the battery during the trans-lunar po.tion of the mission under
the currcntly defined SEQ environment, which includes SEQ wall tempersture
extremes of 20 and 160 F with an emissivity (¢) of 0,5. Temporary stowage
of the ALSD (nonoperating mode) on the lunar surface at sun angles in the
range of 9 to 22 degrees must be accomplished with the shroud installed.
Under these conditions, the combined effects of lcw SEQ temperature and
low sun angsc will result in a minimum nonoperatiag battery cell tempera-
ture of +21 F, which is well vithin that required for successful power
head operaticn. At sun angles higher than 22 degrees above the horizom,
the shroud will be removed from the ALSD.

Under all sun angle conditions, the shroud will be removed when
the ALSD is used to perform the drilling mission. The shroud can easily
be removed by pulling the release ring 1illastrated in FPigure III-6.
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The shroud also limits the maximum temperature of the battery during
the trans-lunar portion of flight, Under the upperoextremeotemperature
condition, the SEC walls rise from a stabilizgd 100 to 160 F during lunar
descent, followed by a linear decrease to 120 F over a 35 hour period.

The maximum temperature experienced by the shrouded battery under these
conditions within the SEQ after lunar surface touchdown is less than 160°F.

5.2 Construction - The shroud is fabricated predominately from 0.C1l2
inch thick 2024-T3 aluminum alloy sheet., A diagonal split across the

top of the shroud, combined with the front hinge and lanyard rzlease
locking tabs allows the unit to completely oper during the removal process,
Two oversize holes are vrovided on the top rear of the shroud coincident
with the rear ALSEP support pin receptacles in the battery tc facilitate
installation aboard -he ALSEP,

Thermal isolation from the basic battery is accomplished by a
series of 0.030 inch thick epoxy laminated sheet glass cloth strips
bonded to the inner surfaces of the shroud. An aluminum paint with an
absorptivity (a) of 0.25, and emissivity (€¢) of 0.25 is applied to the
surfaces of the shroud.

6.0 POWER HEAD (Ref. Figures III-6, -9, -10)

6.1 Genera’. - The power head subsystem converts the electrical energy
from the batcery into machanical rotary-percussive energy for delivery

to the core stem or bore stem bits. A rotary-percussion ratio has been
selected which will provide the ultimate in drilling efficiency consis-

tent with the life parameters of the bits. The power head is self-contained
within a housing which will operate in any position, and which interfaces
directly with tbk- battery and ccre stems, and indirectly with thke bore

stems through a coupling adapter. The power head is mechanically more
complex than tit:e other ALSD subsystems. Therefore, component description

is limited to the major elements of the subsystem.

6.2 Housing - The power lead outer housing consist. predominantly cf
three QE-22A-T6 magnesium alloy investment castings which are mated together
by external sealed flanges threaded for socket head screws. The front

end housing which encloses the output epindle is machined from 2024T351
aluminum alloy. The internal surfaces of the investment castings are im-
pregnated with a polyester resin sealant to preclude possible leakage
through the walls.

Training Unit No. 2 powei head is identical to the flight units,
with the exception that the rear housing which attaches to the battery is
fabricated from a structurally reinforced ALMAG-35 aluminum alloy sand
casting. This substitution was made to increase the operating life of
the power head.
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6.3 Motor - (Ref. Figure III-10) - The gower head motor is a nominal
0.4 horsepower, brush commutated, direct current dcvice employing as its
field a permanent magnet for maximum reliability and efficiency. The
armature 1is wound with copper wire protected by high temperature insula-
tion. The Genox R6-C ceramic magnets exhibit excellent low and high
temperature operating characteristics. The hollow shaft (for weight
reduction) armature contains a small fan to facilitate cireulation of
the nitrogen pressurizing medium around all h