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. FOREWORD

This document is prepared and submitted in accordance with the
requlrements of Contract NAS9-6587, Article XI,B of the contract
schedule,

This document presents a summary of the Apollo Lunar Surface
Drill Program, including the evolutiom of the f£final design con-
figuration, results of the development and qualification tests which
influenced design changes, and recommendations for future improvements
to the drill system, Detail design drawings, thermal analyses,
informal development test reports, formal test procedures, and formal
qualification test reports which are referenced herein have been pre-
viously forwarded to NASA in accordance with applicable program
schedules, and are not included with this report.
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I. SUMMARY

1.0 GENERAL PROGRAM INFORMATION

The Martin Marietta Corporation has completed a two-phase program
for the design, development, fabrication, and test of flight medel Apollo
Lunar Surface Drill (ALSD) systems to be used by early Apollo astromauts
for the emplacement of lupmar subsurface Heat Flow Experiment probes. Tasks
performed under these programs, designated as Phase C and Phase D, are

briefly described below.

The ALSD Phase C Program congisted of the following major
tasks: 1) Generation of design concepts supported by performance of
preliminary development tests, 2) Preparation of top-level drawings
and fabrication of a representative mock-up, and 2) Preparation of
detail engineering, manufacturing, quality assurance, reliability, test,
and program management plaps required for the performance of the subse-

quent Phase D Program,

The Phasaz D Program consisted predominantly of the fabrication
of development, training, qualification test, and flight unit ALSD's, The
magnitude of development testing required to finalize the design was
considerably greater than originally anticipated, primarily due to up~
expected problems with the original subsurface hole encasement design
approach, Significant design changes beyond the Phase C design baseline
were also incorporated as a result of the following: 1) Reallocation
(reduction) in the available stowage volume for the ALSD aboard the space-
craft, 2) Redefinition of the lunar surface model simulation resulting
frem updated Lunar Orbiter and Surveyor information, 3) Refipement of
envirommental design criteria, 4) Data from spacesuited operability tests

and, 5) Astronaut change requests,

I-1
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2,0 GENERAL SYSTEM REQUIREMENTS

The ALSD general design requirements included the following
major items: 1) Lightweight, transportable, and operable by a single
agtronsut on the lumar surface, 2) Powered from a self-contained power
source (battery), 3) Capable of drilling and casing two, 3-meter holes
in the lunar subsurface within 66,4 minmutes, 4) Capable of retaining the
lunar subsurface core specimens from the second hole for return to earth
for subsequent analysis, 5) Gapable of withstanding the vibration, shock,
acceleration, and temperature environments of the Saturn spacecraft
during transit from earth to the moon, and, 6) Capable of operating in
the reduced gravity, vacuum environment of the lunar surface at any sun
angle between 7 and 45° above the horizen,

The lunar surface similation models required for design guide~

1ines were revised during the program regulting from updated Lunar
Orbiter and Surveyor spacecraft data, Original drilling requirements
for the ALSD included the following alternate models:

1) Two, 3~-meter holes in 50% porosity basalt, and

2) Two, 1.2 meter holes in unsorted, uncohesive conglomerate .
containing a maximum of 0,5 meter- of demse basalt.

The updated lunar surface information obtained later in the
program resulted in the following alternate simulation models:

1) Two, 3~meter holes in unsorted, uncohesive conglomerate
inclusive of a maximum of 0,5 meter of 43% porosity
basalt chunks, and

2) Two, 3-meter holes in unserted, uncohesive conglomerate
inclusive of a 0,75 meter block (maximum) of 43% porosity
basalt, and T o o '

3) Two, 3~meter holes in unsorted, uncohesive conglomerate

inclusive of a 0,15 meter block (maximum) of depse basalt, v

A brief deacription of the final ALSD configuration which meets
the design requirements is described in the following paragraphs; the
design evolution leading to the final design approach is presented in
Section II of this report, '

I-2
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. 3,0 GENERAL SYSTEM DESCRIPIION

The ALSD is designed as a totally iIntegrated system which inter-
faces with the ALSEP pallet located in the LM-SEQ during transit from
earth to the moon's surface, The drill, with ite varioug subsystems,
can be removed as a single package from the ALSEP pallet and transported
by the astronaut to the selected driiling site for subsequent assembly
and operation. The core bit and extensien tubes, which are transported
from earth to the moon in the ALSRC, are integrated with the ALSD package
in the vicinity of the IM or at the drilling gite, After assembly at
the drilling gite, the ALSD is used by the astrenaut to drill twe,
3~meter holes in the lunar subsurface for ewplacement of the HFE probes,

A brief descriptilon of the ALSD subsystems (Figs. I~-1 through
I~4) required to perform the lunar surface drilling mlssion includes
the following:

1) Battery-Provides the total electrical power required to
perform 2 two-hole lunar surface drilling mission,

2)  Battery Thermal Shroud-Provides battery protection from
low temperature during lunar surface operations at a low
sun angle,

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

4) Power Head Thermal Guard-Prevents the agtronaut from
accidently contacting areas of the power head which may
exceed +250°F during drilling operatioms,

5) Handle and Switch Actuateor Assembly~Provides the astronaut
with a means of manual regtraint and motor control of the
drill,

6) Core Bit-Provides the cuiting capability required for
' rock penetration,

7)  Extension Tubes-Transmit the rotary-percussive energy
from the power head to the core bit, provides a means
for core collection, and mechanically conveys rock cuttings
from the core bit/rock interface to the surface,

8) ©Extenslion Tube Caps-Preclude logs of core material from
the extenslon tubes during storage in the ALSRC,

I-3
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e e

Stowage and Lunar Operating Sequence

Figure I~-1 ALSD Assembly,
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ALSD Shipping Container

Figure I-2
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ALSD/ALSEP Spacecraft Stowage Mode

3

Figure I~
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Handle & Switch
"Actuator Assembly

‘Wrench Stowage

'Adaﬁter
‘Hole Casings

y . ; Two Extension Tubes
| Core Bit ' & Core Bit
Extension Tupes S

Figure I-4 ALSD Lunar Surface Deployed Mode
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Hole Casings-Provide. a means of displacing lunar cave-in
material from a pre-drilled subsurface hole and restrain
the walls of the hole if requirad in unconsolidated
material,

Hole Casing Adapter-Couples hole casings to power head
output spindle during emplacement,

Wrench~Provides a means for decoupling extension tubes,

Rack Agsembly-Provides outbound mission stowage restraint
for hole casings; wrench, and handle assembly, and provides
temporary vertical stowage of hole casings, extension A
tubes, and wrench during lunar drilling operatioms,

Treadle Assembly-Provides structural restraint for the
entire ALSD system during outbound mission stowage, and
houses the drill string lock used in conjunction with the
wrench for extension tube decoupling operations.

Major items of GSE (Figs, I~-5 and I-6) required to support ﬁhe
ALSD during earth preparations include the following' :

1)
2)
3)

4)

Shipping Container-Provides a convenient means for shipping
or hand-carrying the ALSD Assembly,

Pressurization Unit-Provides capability for sequentially

pressurizing the battery and power head for verification
of relief valve operation and seal integrity,

Battery Charging Unit-Provides capability for recharging
of battery 1f required,

Battery Activation K{t~Contains glectrolyte for individually
activating the sixteen battery cells,

A detailed description of the ALSD subsystems and GSE, operating
procedures, and maintenance instructions, are provided in Reference 2,

. I8
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Figure 1l-b

ALSD Pressurization Unit
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I-6 ALSD Battery Charging Unit
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II, ALSD CONFIGURATION DEVELOPMENT

1.0 PHASE C DESIGN APPROACH

1.1 Degign Concept = The Phase C gstudy and development program (1)
resulted in the ALSD design concept illustrated in Figures II~-1,

2, and 3, This modal, weighing approximately 22 pounds and occupying

a stowage volume of 22 x 19 x 8.8 inches, was designed to meet the
original contractual requirements., A brief description of the components
and design parameters are delineated in the following paragraphs,

1.2 Core Bit - The initial contract requirements of 1,125 inch
maximum lunar subsurface hole diameter and 0,750 inch minimim core dia-
meter dictated the major design parameters for the core bit, An outside
diameter of 1,032 inches (cutting tip O, D,) was selected to allow for
drill string eccentricity, and the possible drilling of oversize holes
in low density lunar surface materials, The selected 0,752 inch inside
diameter (cutting tip I, D,) resulted in a cutting tip kerf of 0,140 .
inches, A cutting tip-to~-body clearance (both I, D, and O, D,) of 0,30
inches resulted in a basic wall thickness of 0,080 for both the core bit
body and core bit extension tubes,

Minor changes to the core bit geometry, and results of the
cutting tip optimization program are described in Section III of this
report,

1.3 Core Bit Extension Tubes ~ The six (6) extension tubes initially
selected for the ALSD were to be fabricated from magnesium with 440 - sertes
stainless steel caps for increased strenmgth of the coupling joints, A
proprietary process by an outside vendor for fusing the dissimilar magnesium
and stainless steel initially appeared promising, but schedule difficulties
precluded use of the process, However, a subsequent percussive energy
strain wave transmission efficiency analysis indicated that the final
material selection (6 Al - 4V titanium) will outperform the initial

material selection,

Regardless of material selection, the tubes were designed to
provide an extension of the helical flute, rock cuttings transport system
from the core bit cutting tips to the lunar surface., The initial design
consisted of four, l-inch lead flutes, 0,030 inches in depth, commencing
at the four carbide cutting-tips of the core bit, and running continuocusly
along the six tubes when assembled to form the drill string. Alignment
of the external flutes of adjacent tubes was controlled by the double
coupling threads which were machined coincident with two of the four flutes,

II-.1
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Figure II-1 ALSD Phase "C" Mockup

Power Head
> Agsembly

ole Casing @
Sleeve Dispenser

8LLYPT WA



Figure IT-2 ALSD Phase "C' Mockup Transpoxrt Mode

II-3



ER 14778

Figure II-3 ALSD Phase "C" Mockup Operational Mode
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The assembled drill string was designed for a contimwous O, D, and I, D,
of 0,972 and 0,812 inches, respectively, througheut its length,

Minor changes to the extension tube geometry, and resulis of
the development test program are deseribed in Section III of this report,

1.4 Power Head - The initial operating parameters for the power
head were established as a result of development drilling tests conducted
during the Phase C program gas reported in Reference 1. These tests were
conducted using NASA furnished rock "standards™ consisting of high demsity
basalt, scoria, and pumice, An engineering model drill mechanism was
fabricated which was capable of parameter variation -- rpm, blows per

bit revolution, blows per mimute, percussive blow emergy, and percussive
hammer mass, This device was used to establish relative rock sample
drillability, penstration rates, and power consumption data per unit
volume of rock drilled, As a result of these tests, the following initial
eperating parameters were established,

Motor Characterlstics

1) Nominal Operating Voltagez. 24 VbC

2) DNominal Operating Current: 19 Ampefes d.c.
3) Nominal Operating Speed: 8,000 rpm

4) Nouwtnal Operating Motor Torque: 3,3 in.~Ibs.
5) Efficlency: 65-70%

Percussion System

1) Cam: Single lobe, O,5-inch max, deflection, 15 rise angle
. 2) Spring: 240 lbs,/inch
3) Ram Weight: 0,66 lbs.

" 4) Epergy Per Blow: 30 in.~lbs,

Power Train Sys;gg

| 1) Motor-to-~Rotary Drive Ratio: 39,6

2) Nominal Core Bit Speed: 200 RPM

II-5
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3) Motor-to-Cam Ratio: 3,56
4) Nominal Percussion Rate: 2,250 BPM
5) Blows Per Bit Revelution: 11,25

The power head was designed as a totally integrated unit, with
the motor, percussion system, and power train compactly enclosed within
a pressurizable magnesium housing., Minor changes to the power head
operating parameters, and results of the development test program are
described in Section III of this report,

1.5 Battery - A silver-zinc battery was selected for the ALSD since
this system represented the maximum power-to-weight ratio available in
the required power range, Additiomally, reliability of a similar battery
gystem, manufactured by the same battery contractor for the astrenaut
personnel life support system, also influenced the ALSD power source
selection.

The total power requirement established for the ALSD battery
was based upon the Phase C test program described in Reference 1, At
that time the maximum power was required in the lunar surface simlation
model consisting of two, 3~meter holes 4in 507% porosity basalt, Although
a 3-meter veslcular basalt "standard” model was not available for the
Phase C program, previous tests performed by MMC using sma%l rock samples
indicated a normalized power requirement of 3 watt-hrs./in] of drilled
material, For the bit described in paragraph 1.2 having a kerf cutting
area of 0,392 in,, the total volume of drilled material required for twe
holes is approximately 94 in?, and the total power requirement was cal-
culated to be 282 watt-heurs, Therefore, the total battery power capacity
was established at 300 watt-hours., Although the lunar surface simulation
model was subsequently modified resulting from updated Lunar Orbiter and
Surveyor data, the initially established power capacity was sufficient
to perform the two-hole drilling mission,

‘The basic operating parameters for the ALSD battery did not
change throughout the program although the qualificatfon test program
did result in significant structural modifications as described in
Section IIIof this report, Basically, the 300 watt-hour capacity was
attained by the use of sixteen, 12,5 ampere-hour, silver-zinc cells
housed in a pressurizable magnesium case, The battery case was designed
for direct mechanical and electrical Iinterface with the power headj -
electrical control was accomplished by an internally installed microswitch
which interfaced with the ALSD handle assembly contrel lever through a
pressure-tight rubber boot,

I11-6
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1.6 Ireadle Asgembly -~ The ALSD treadle assembly was designed to
perform three basic functions: 1) Maintain structural restraint of all
ALSD cowponents during the spacecraft stowage and lunar transport modes,
2) Provide a locking mechanism for restraining the drill string during
decoupling operations in conjunction with the wrench, and 3) Provide a
platform during drilling operations to permit the astronmaut to apply foot
pressure to the power head (via the cable assembly) which, in turn, in-
creased the drilling efficiency due to the increased core bit/rock inters
face pressure,

The third basic function of the treadle assembly was incorporated
as a result of the Reference 1 tests, which indicated that the astronaut’s
capability for applying axial forces (15-25 pounds) to the ALSD for a
time perlod sufficient to efficiently drill 3 meters of vesicular basalt
was extremely doubtful, Utilization of the treadle in the open loop
mode (as indicated in Fig, II-3), or in the closed loop mode (in con=
junction with a forward treadle pivot anchored to the lunar surface)
permitted the operator to apply approximately 30 or 60 pounds respectively
to the power head under 1/6~G conditions by applying foot pressure to the
treadle in lieu of arm pressure,

1.7 - Cable Assembly -~ During normal drilling operations the cable
assembly was attached between the front of the treadle and the power head,
The reel assembly housing contained two negator (constant force) springs,
one of which automatically extended/retracted.the cable on its reel in
accordance with demand, and the other which limited the maximum force to
60 pounds which could be applied to the cable assembly via the foot
treadle, During both the open loop and closed loop modes of ALSD opera-
tion, the.operator was required to "pump" the treadle assembly as the
drill string penetrated into the subsurface in order to wind up the cable
and maintain a continuous force on the power head,

1.8 Core Remover ~ The core remover was designed to perform two
functions -« to serve as a spanner wrench for decoupling extension tubes
in conjunction with the treadle lock, and to provide a means for the
operator to dislodge rock core segments from the extension tubes after

drilling.

1.9 Vertical Indicator - The vertfcal indicator (Figures II-5, 8)
was designed to be attached to either the power head handle or the em~
placed drill string, and was used to provide a gross indication of the
drill string emplacement angle., The device consisted essentially of a
concave dish inscribed with concentric circles calibrated in angular
_degrees from the center to its outer periphery., A hollow ball filled
with a high viscosity liquid to induce damping was employed as the
angular indicator. A transparent cover attached to the top of the concave
dish restrained the ball without loss of visibility,
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1.10 Hole Casing Sleeve - The initidl casing concept consisted of
the uge of a thin~-wall (,004 in,), slotted:tube which was capable of
storage on a reel within the dispenser illustrated in Figure II-1l, After
emplacement of the drill string, the casing was reeled from the dispenser,
inserted over the drill string, and forced dewn into the subsurface to
restrain the hole walls during the peried between removal of the drill
string and emplacement of the HFE probe, After emplacement of the prebe,
the slotted, thin-wall sleeve was removed from around the electronics
cable and reeled into the dispenser in preparation for the second hole
encasement,

Although this casing technique could be performed with some
success in pumice, and to a limited depth in conglomerate overburden,
it was subsequently replaced with the power-driven fiberglass casings
deseribed in Section III of this report,
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2.0 PHASE D BASELINE MOCKUP

2,1 Design Concept - During the early part of the Phase D program,

2 major repackaging of the ALSD cencapt descvibed in paragraph 1.0 was re-
guired due o 2 reduction in ALSEP-allocated volume from the original

22 % 19 x 8,8 inches *0 22 x 9.6 x 7 inches, The modified packaging con-
cept iz illustrated in Flgure II~4, The ALSD components {llustrated in

Figures II-5 and TI«6 are similar to those deseribed in paragraph 1,0
axcept for the following changes:

1)  The tubular freadle i{llustrated in Figure II-1 was replaced
with a laminated honeycomh beard to provide a more rigid
restraint for the varicus ALSD components during the ‘
launch, boost, and landing phases of the lunar mission,

2)  The core bit extension tubes were mounted in a rack
which piveted to a vertical position during ALSD opera~
tion to improve their accessability to the operator,

3) A drill guide and debris deflector were azdded to preclude
the pessibility of subgurface, gas~eiected particles from
impinging upon the astronaut during drilling operations,

4) A cuttings collector box was added to preclude thermal
disturbances in the immediate area of the bore hole )
resulting from cuktings being distributed on the surface,

5)  The reduced velume allocation for the ALSD necessitated
separation of the operating handle assembly from the
battery in the stowage mode,

2.1 Mockup Fabrication = A total of three mockups similar to that
illustrated in Figures II~4, 5, and 6 were fabricated during the early

portien of the Phase D program, These mimilators were designed to
provide a representation of the structural, mass, and thermal/mechanical

properties of the f£light model ALSD,
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I1.10

Figure II-4 ALSD Stowage Mode (Mockup)
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Figure II-5 ALSD Accessory Group Subsystem Components (Mockup)
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Figure II-6 ALSD Operational Configuration (Mockup)
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3.0 - DEVELOPMENT MODEL

3.1 Design Concept - The first operational ALSD model i1s illustrated
in Figures 1I-7 through II-1l, The unit included functional subsystems

- gimilar to thoge previously described, and the assembly was packaged te
stow within the reduced ALSEP volume allocation, A brief description of
the ALSD subsystems is delineated in the following paragraphs,

3.2 : Carrying Case (Fig, II-7) = A commerical aluminum carrying case
was mpdified by the incorporation of molded styrofoam designed to forme
fit the ALSD assembly., The carryinz case was designed to preclude damage
to the ALSD asgsembly during storaje or transport on earth.

3.3 Power Head (Fipg, II-8) ~ The final operating parameters selected
for the power head were modified somewhat as compared to those previously
described in paragraph 1.4, These changes Included an increase in the

. output rpm and percussive energy to increase the drilling efficiency in
high density basalt as indicated below: .

Motor Characteristics

1) = Operating Voltage: 23 + 1 VDC

2) Nowminal Operating Currentf"18.75 Amperes d,c.
3) Nominal Operating Speed: 9300 rpm

4) Efficiency: 70%

Percussion System

1) Cam: Single lobe, 0,5 inch max deflection, 14° rigse anglé
2) . Spring: 240 1bs./in,
3) Ram Weight: 0,661 pounds

4) Energy Per Blow: 39 in,~1bs.

Power Train System
1)  Motor-to-Rotary Drive Ratio: 33,1
2)  Nominal Core Bit Speed: 280 rpm

3)  Mptor-to-Cam Ratios 4,
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Figure II-7 Development Model ALSD With Carrying Case.
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Figure II-8 Development Model Power Head and Battery Assembly.
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Figure 11-9 Development Model Treadle Assembly.
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Figure II-11 Development Model ALSD - Operational Mode
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4) Nominal Percussion Rate: 2270 BPM
5) Blows Per Bit Revolutiom: 8,1

In order to reduce procurement time, the power head castings
for the development model ALSD were fabricated from gand cast aluminum
rather than the investment magnesium castings used for the flight units,

3.4 Battery (Fig, 1I-8) ~ The silver~-zins battery employed with

the development model ALSD consisted of secondary-type cells housed in

a steel case, The secondary cells were used in lfeu of the primary

flight cells for their greater recharge and operating life characteristiecs.
A steel case was used in lieu of the flight~type magnesium cass t¢ prolong
the structural life of the battery. The 120 watt~hour power capacity of
this battery was attained by use of sixteen, 5 ampere-hour silver-zinec
cells,

3.5 Handle Assembly (Fig, I1I-8) - The tubular handle assembly con-
slated of two pivoted battery locking pins, an operating switch with
safety lock, and a mounting post for the vertical indiecator. Engagement
of the pivoted locking pins into the battery case receptacles required
use of the spanner wrench to apply the required locking forces,

3.6 Vertical Indicator (Fig, II-8) - The operatioﬁ of the develop~
ment model vertical indlicator was identical to that described for the

mocékup in paragraph 1.9,

3.7 Treadle Assembly (Fig, II-9) ~ The treadle assembly included

the honeycomb treadle board, cuttings collector box, debris deflector,

and foot operated drill string lock, A tubular extension was added to

the bagic treadle board which, when extended, increased 1ts moment arm
when used in conjunction with the reel and cable assembly. This permitted
the operator to apply greater axial forces to the power head and drill
string via the reel cable,

3.8 Reel and Cable Asgembly (Fic, TI-9) - The operation of the

development model reel and cable asgsembly waz identical to that described
for the mockup in paragraph 1,7, except a pointer indicator was added to
provide a visual indication of the "loaded" or "unloaded" condition of
the restralnt system in the closed loop mode of operation, When the
pointer on the front of the asseibly indicated an "unloaded" conditiom
during penetration of the drill,, the operator was required to "“pump” the
treadle in order to reset the springs and cable for the reapplication

of foot pressure to the power head via the cable,
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3.9 Core Bit and Extension Tubes (Fig, II~10) - The configuration
of the core bit and extension tubes is gimfilar to that described in
paragraph 1,2 and 1,3, except two small tool holes were lncorporated near
the male coupling joint of each section to permit engagement of the
spanneyr wrench during decoupling operations, The development model
extension tubes were fabricated from hi-tuff steel which was subsequently
changed to titanium,

3.10 Spanner Wrench (Fig, 1I-10) -~ This device was used to perform
the same functions as described for the core remover in paragraph 1.8,

In addition, the tool was used for attachment of the handle assembly to
the battery case, and for disengagement of the various latching devices
uged to restrain the battery/power head assembly and rack assembly in the
stowage mode configuration,

3.11 Anchor Pins (Fig, II-10) -~ The development model anchor pins
were used to restraln the front eund of the treadle assembly to the
drilling surface during the closed loop mode of drilling in consolidated
rock, The anchor pins were attached to the treadle by a pin-and-yoke
arrangement, This mode of operation permitted the operator to apply a
force of 60 pounds to the power head, as controlled by the reel and cable
assembly negator spring, ‘This force, gained through the mechanical
advantage of the restraint system, permitted power head axial loadings
in excess of operator lunar weight,

Use of the anchor pins (one for each 3-meter hole) required
the operator to pre-drill a one or two inch deep hole into the consoli-
dated rock near the proposed 3-meter drilling site, After drilling of
the shallow hole, the anchor pin (assembled to the treadle) was imserted
inte the hole where it resisted an upward force by four pivoted, serrated
pawls which latched against the walls of the hole,

3,12 Hole Casing Sleeves (Fig, II~10) ~ The hole casing technique
previously described in paragraph 1.10 was replaced by use of thin-wall
(0,012 inches) fiberglass tubes on the first ALSD development model,
The serrated tubes were Interlocked, placed concentrically around the
extension tubes, and driven concurrently with the drill string during
the drilling operation. The casing string was held rigid (non rotating
with respect to the drill string) by a matching serrated cap which was
clamped to the lower portlion of the power head.

This casing technique, which proved to be unreliable and im-
practical beyond a depth of 15-20 inches in conglomerate overburden, was
abandoned when the new requirement of casing to a full 3~meter depth was
incorporated,
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3,13 Stowage Rack (Fig, I1-9, 11) ~ The stowage rack, pivot-mounted
to the treadle assembly on the first ALSD development model, provided
restraint for the core bit extension tubes, hole caging sleeveg, spanner
wrench, handle assewbly, and all migscellaneocus components for both the
transport and operational modes,

3,14 Development Model Fabrication - Two development-type ALSD's were
fabricated - one was retained by the Contractor for the performance of
numerous development tests and the other model, designated EMI Test Model
to be used for electrical Interference testing, was delivered to NASA,

The latter model was subsequently designated as a Development/Training
Unit and was used accordingly by NASA for the performance of 1~G and

KC~135 1/6=G tests.
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4.0 DEVELOPMENT MODEL (FIRST MODIFICATION)

4,1 Design Concept ~ As a result of spacesuit operability evalua~

tions and casing technique development tests, several modifications were
incorporated into the ALSD development meodel as illustrated in Figures
II~12 and II-13, These modifications included the following items:

1)

2)

3)

4)

- 5)

The rack assembly was redesigned for detachment from

the treadle by the operator during ALSD deployment opera-~
tions. Spacesuit operability tests indicated that system
grability and accessibility of the accessory components
would be improved 1f the rack assembly were erected on
the surface two or three feet away from the treadle,

A reel and cable assembly support post capable of pivot-

ing to an upright position was added to the treadle assembly,
This device was required to provide a convenient temporary
stowage point for the reel and cable assembly during
extension tube addition operations, This function was
previously accomplished by the rack assembly with the
configuration illustrated in Figure II-1l1,

The handle assembly-to~battery case locking pin located
under the operating switch was changed from a pivoted

to a fixed pin thus eliminating one locking operation with
the spanner wrench,

The concurrently-driven hole casing sleeves 1llustrated
in Figure II-10 were replaced with the heavier, power-
driven casings {llustrated in Figure 1II~.12, This casing
technique required that the 3-meter subsurface hole be
predrilled with the core bit and metal drill string,
followed by power driving of the closed-end fiberglass
casings, A more extensive discussion of the evolution
leading to the final casing technique selected for the
ALSD 1 presented in Section IIL of this report,

The quadruple flute, one-inch lead hi-tuff steel extension
tubes {llustrated in Figure II-~10 were replaced with
double flute, ome-inch lead titanium (6 Al -~ 4V) tubes,

A description of other extension tube materials tested

for this program is presented in Section III of this
report, ' '
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Figure II.12 Development Model ALSD (First Modification Components)
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Figure II-13 Development Model ALSD (First Modification Operational Mode)
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63 The four serrated locking pawls employed on the anchozx
pins described In paragraph 3,11 were replaced with a
silicon rubber sleeve (approx, 0,8 in, long x 1,050 in,
diameter) located at the bottom of the pin, The rubber
sleeve was restrained by a metal ring around its lower
edge in a manner which allowed axial stretching (and
decreasing. diameter) of the rubber sleeve when the anchor
pin was forced into a shallow, predrilled 1,032 inch
diameter hole, When an upward force was applied to the
emplaced anchor pin, the lower metal ring restrained
axial stretching of the rubber sleeve causing it te
expand radially thug applying a side force op the hole
wall which reacted againgt the upward force applied by
the treadle assembly, Operation of this design was
found to be more effective than the previous design,

4,2 Development Model Fabrication (First Modification) -~ The ALSD
modifications previously described were incorporated into the NASA
development/training unit and the MMC development model,
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5,0 DEVELOPMENT MODEL (SECOND MODIFICATION)

5,1 Desgign Concept ~ The second modification to the development
model ALSD involved major changes to nearly every component in the

system, These changes resulted from: 1) A redefinition of the lunar
surface model based upon updated Lunar Orbiter and Surveyor data, 2) Space-
suited operability and drilling development tests, and.3) Redefinition

of operating enviromment extremes, These modf{fications, illustrated

in Figures II-14 and II~15, included the followlng items;

1) The quantity of fiberglass hole casings furnished with
each ALSD was increased from s8ix to twelve, and the
length of each casing section was increased from approxi-
mately 18 to 22 inches, This provided the capability for
encasing each hole to the full 3«meter depth,

2) The quantity of core bit extension tubes was increased
from six to eight, and the length of each reduced from
approximately 22 to 17 inches. This change permitted
the drill string to be stowed outbound. and inbound in
the ALSRC} thus previding the-necessary storeagevolume -
in the ALSD rack for stowing of the increased quantity
of hole casings. This change also provided the capability
of returning relatively undisturbed lunar subsurface core
specimens from the second drill hole directly to earth
in the ALSRC,

3) The reel and cable assembly and anchor pins were eliminated
to improve the overall operability of the system, Although
dense rock drilling can be performed more efficlently with
the higher axial core bit pressures made possible by the
restraint system components, the reassessment of upper
lunar surface characteristics indicated that consolidated
rock will not comprise & significant portion of the three
meter drilling requirements, If subsurface blocks of
consolidated rock are encountered, the ALSD operated at
a normal astronaut-applied axfal bit force (approx, 15 to
20 pounds) will be sufficlent to penetrate at a rate of
50 to 75 percent of that attainable with the restraint
system,

4) A power head thermal guard was designed to preclude the
spacesuited astronaut from touching surfaces which may
excead +250°F under worst-cagse conditions (maximum non-
operating temperatures in the IM during outbound flight,
maximem sun angle, and max{mum power requirement drilling
model) while operatingz on the moonfs surface,
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Figure II-14 Development Model ALSD (Second Modification Components)
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Figure II-15 Development Model ALSD (Second Modification Operational Mode)
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The handle assewbly operating switch was changed from

the single piveted lever illustrated in Figures II-12

and II-13 to the double actuating, concentric gleeve
swltches {llustrated in Figure 1I-14, Both sleeve
switches mist be depressed towards the center of the
handle in order to operate the drill, This concept
resulted in improved fail~-safe characteristics, and the
symetrical shape of the switch sleeves provided a constant
profile to the operator regardless of operating height,
thus improving ALSD operability.

The handle~to~battery case plveted locking pin was changed
to a spring-loaded lateh thus eliminating the need for

the wrench to provide the required locking torque, Flared
fittings were later incorporated on each end of the handle
assembly to improve the operator's grip, as requested

by NASA astronaut,

The spanmer configuration of the wrench head was changed

to opposing "fixed” and "pivoted" serrated jaws., ‘This
modification permitted the wrench to grip the core bit
extension tubes at any loecation on the double flute system,
The previous wrench configuration required alignment of the
spanner " fixed" and "spring-loaded" pins with the mating
extension ftube tool holes which was somewhat difficult for
a spacesulted subject to perform, Flared ends to the v
wrench handle were later incerporated for improved gripping,
as requested by NASA astronaut,

The foot-operated drill string locking mechanism integrated
with the tresadle assembly was replaced with a seml-automatic,
serrated locking pawl. This device automatically locked

the drill string in response to a counterclockwise rotation,
and unlocked the drill string in response to a clockwise
rotation. A concentric cone was added to the treadle to

aid the operator In gulding the drill string through the
treadle lock,

The wrench-operated dzus-~type fasteners for attaching the
battery/power head and rack assemblies to the treadle,

and the casing restraint bracket to the rack were replaced
with hand-operated camloc fasteners, thus reducinz the
overall ALSD deployment time,

A battery shroud was added to the system to stabilize
the Internal temperature of the battery during non-
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operating storage of the ALSD on the lunar surface with
sun angles less than 22° above the horizom. During
operation of the ALSD the shroud is removed by the
agtronaut by use of the quick release lanyard,

5.2 Development Model Fabrication (Second Modification) -~ The

ALSD modifications previously described were incorporated into the MMC
development model, A similar model, designated Training Unit No, 1,

wag fabricated and delivered to NASA, Two Qualification Units were
fabricated for the MMC test program described in Section IV of this report,
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6.0 FINAL ALSD CONFIGURATION

6,1 - Design Concept ~ The final ALSD flight configuration 18 gimilar
to that described for the second modification of the development model,
except for minor changes resulting from the Qualification Test Program,
These changes, described in Section IV of this report, included the
treadle assembly locking pawl, treadle assembly power head restraint
structure, hole casing tip, casing adapter,and power head guard.

Figures I-1 through I-4 illustrate the final configuration of
the ALSD, and Figures I-5 and I-6 illustrate the GSE, A more comprehensive
description of the overall system, including thermal control parameters,
operatinz procedures, and maintenance instructions are presented in
Reference 2. A listing of final configuration drawings 1s tabulated
in Table II-1,

6.2 Final Configuration Fabrication -~ Three flight units and a’
similar training unit were fabricated In acceordance with the drawinge

delineated in Table II-1, The drawings listed in Table II-1 zlso
document the confilguration of the qualification units and the firgt
training unit, Throughout design develepment, configuration receords
and formal engineering drawings were maintained on qualification, train~
ing, and flight units,
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Table II-1 ALSD Subsystem Part Numbers

Part Identification

Nomenclature Effectivity Part Number Qty/Unit | Mfg.
Container for ALSD Fil., Tr. 1, 2 467A8050003-009 1 MMC
ALSD-~Flight Unit Fl. 467A8050000-029 1 MMC
ALSD-Training Unit Tr. 1 -019 1 MMC
ALSD-Training Unit Tr. 2 -079 1 MMC
Battery, ALSD Flight Fl. PS9403000014~003 1 MMC
Cells . Fl. PM 5 Special 16 YEC
Silvercel Fill. Kit Fl. 11310 1 YEC
Battery, ALSD Train. Tr. 1, 2 PS9403000014-001 1 MMC
Cells Tr. 1, 2 HR 5 Special 16 YEC
Silvercel Fill. Kit Tr. 1, 2 11294 1 YEC
Thermal Shroud Fl. 467A8050029-009 1 MMC
Tr. 1, 2 ~049 1 MMC
Power Head, Flight Fi. PS955000002-007 i MMC
Power Head, Train. Tr. 1, 2 -005 1 MMC
'i‘hermal Guard Fl., Tr. 2 467A8050030~-089 1 MMC
Tr. 1 ~009 1 MMC
Insulation (Thermal) Fl., Tr.1, 2 467A8040000-001 25 MMC
Retainer Fi., Tr.1, 2 467A8040000-023 1 MMC
Shield, Connector Fi., Tr.1, 2 12062-94 1 B/D
Handle & Sw. Actuator Fl., Tr. 2 467A8050013-099 1 MMC
Tr. 1 -009 1. MMC

Notes: MMC = Martin Marietta Corporation FL. = Al Flight Units
B/D = Black & Decker Mfg. Co. Tr. 1= Training Unit S/N 001, etc.

YEC = Yardney Electric Corporation
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Table IX-l ALSD Subsystem Part Numbers (Cont,)
‘ Part Identification

Nomenclature Effectivity Part Number Qty/Unit | Mifg.
Wrench, Drill String Fi., Tr. 2 467A8050014-039 1 MMC
Tr. 1 ~-009 1 MMC

Hole Casing String Fl., Tr. 2 467A8050003-019 8 MMC
-029 1 MMC

-039 1 MMC

-079 2 MMC

Tr. 1 467A8050003-019 8 MMC

-029 1 MMC

-039 1 MMC

-049 2 MMC

Adapter, ALSD Fl., Tr. 2 467A8050036-009 1 MMC
Tr. 1 467A8050025-019 1 MMC-

Rack Assembly Fl., Tr. 2 467A8050028-029 i MMC
Tr. 1 -009 1 ‘MMC

Treadle Assembly Fl., Tr. 2 467A8050001~039 1 MMC
Tr. 1 -009 1 MMC

Lock Pin Ass'y. Fl., Tr. 2 467A8050015-069 1 MMC
(with attached camloc) Tr. 1 -059 1 MMC
Lock Pin Ass'y. Fl.,, Tr. 1, 2 467A8050009-029 2 MMC
Kit Accessory Details Fl., Tr.1, 2 487A8050000-059 1 MMC
Extension Tube Fl., Tr. 1, 2 PS600100022-001 7 MMC
Extension Tube Fl., Tr. 1, 2 PS600100022-003 1 MMC
Drill Bit Fl., Tr. 2 467A8050000-011 1 MMC
Drill Bit Tr. 1 PS600100023-007 1 MMC
Rack, Sample Cap Fl., Tr. 1, 2 467A8050027~009 1 MMC
Rack, Sample Cap ., Tr, 1, 2 467A8050027-019 1 MMC
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III, DEVELOPMENT TEST PROGRAM

1.0 INTRODUCTION

An extensive development test program was performed concurrently
with the deslgn of the ALSD, These tests served as & basis for validation
of the design concepts and components integrated into the ALSD development
model and its various modifications prior to the performance of the formal
qualification test program, The major design areas encompassed by these
tests included the following:

1) Core bit optimization in conjunction with the development
model power head,

2) Core bit extension tube optimization,

3) Hole casing sleeve optimizatiom,

4) Power head electroﬁagnetic interference,

5) Power head high temperature operating characteristics,

6) Power head pressurization system operation in vacuum,

7)  Power head magnetic field radiation'meésurements,

8) Battery performance characteristics,

9) .Drill string operational temperature riss,

10) | Power head vacuum rock drilling,

11) Three meter drilling,

12) Spacesuited subject operability.

A brief description of these major test areas is presenﬁed in
the following paragraphg, Numerous ether tests were performed, some of
which are referenced at the end of this repertj and others,which were
not formally documented, were conducted during the performance of this

program. Those tests, which did not significantly influence the design
of the ALSD, are not included in this report,

}-»l
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2,0 CORE BIT OPTIMIZATION
2.1. Scope -~ Major factors involved in the design of the lunar drill-

ing system ineluded: 1) total emergy required to drill the hole(s),

2) desired penetration rates, 3) maximum allowable system weight/size,
and, 4) system sfficiency. The objective of these tests was to develop
a core bit with a cutting tip geometry and material which would drill
reliably (minimum degradation) and efficiently (maximum penetration rate
with minimum power consumption) when powered by a light-weight, low
energy power head, These characteristics were required for all lunmar
material simulants such as demse basalt, veslcular ba.salt, scoria,
punice, and conglomerates,

Optimization of the core bit was prima.rily accomplished using
the dense basalt as a standard because of its teugher drillability char-
acteristics and its homogeneity, which was conducive to the performance
of repeatable tests. Subsequent testg indicated that the vesicular
basalts, although easier to drill, can often result in greater degrada-
tion of the core bit than the dense basalt, This factor had te be taken
under consideration during design finalization.

2,2 Dense Basalt "Standard” Characteristics - The NASA furnished
dense basalt standard, which represgented the maximum drilling energy
requirement of the lunar material simmlants, was subjected to a series
of tests(l5) to determine its characteristics, The uniaxial, ultimate,
compressive strength of the sample was measured at 21,732 psi (average)
and the average shore hardness was 41,6 with a standard deviation of

+ 23, Drop tests were conducted in accordance with standard procedures
using 60° and 90° wedge bits in the energy range of 2 to 20 foot pounds
a8 shown Figure III-1, Using the data for the 90° bit, it was calculated
that the ALSD operating at a percussive blow rate of 2250 bpm would re-
quire a bit delivered energy of 27.6 inch-pounds per blcw to maintain
a 2 inch/minute penetration rate. Assuming a power head output energy
of 30 inch-pounds, a cuttings scavenging less of 20% and a 107% energy
loss per extension tube, the following emperical ALSD pemnetration rates
were calculated: :

Number of Extension with Bit Pepetration Rate (In,/Min.)

PN -
o
0
W
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These predictions did not take into account the benefit
derived from optimization of blow indexing, which, at the time of
initlal power head design, was believed by most researchers to be of
‘little or no benefit,

2.3 Core Bit Test Summary -~ Throughout the performance of this
program, approximately 100 developmant bits were tested, In general,
the bits were designed and fabricated in groups of 6 to 15 each, tested,
and the results of the tests and redesign recommendations forwarded to
the core bit contractor for incorporation in subsequent test groups,
Major design variations included tip geometry and tip material (tungsten
carbide) chemistry, Minor variations in tip brazing techniques and core
bit body geometry were also studied prior to selection of the fimal
design,

Most of the optimization tests (16=21) were conducted using
the equipment illustrated in Figure III-2, With this arrangement it
was possible to accurately control the axial bit force and power head
input voltage while monitoring rpm, pen=tration rate and power consump-
tion of the system,

Typical bit configurations tested included those illustrated
in Figure III-3, where 3, 4, and 5 tips per bit of a single geometry
and tungsten carbide chemlstry were tested te investigate the effects
of index variations. The advantage of indexing was clearly demonstrated
during these particular tests by the typical results delineated in
Table III-1 for three rock materials:

Table ITI-1, Typical 3, 4, & 5 Carbide Tip Penetration Rate Tests

Rock No. of Voltage Current Rate Power 3

Material Tips (vbc) (Amps,) | (In./Min,) Watt~Hr,/In,
Dense Basalt 3 23,0 22,0 2,6 8.4
Dense Basalt 4 19.5 1.1 17.5
Dense Basalt 5 22,0 2.3 9.3
Vesiec, Basalt 3 23.0 8.5 2.6
Vesic, Basalt 4 21.0 4,3 4,7
Vesic, Basalt 5 21.5 7.3 2.9
Scoria 3 23.0 10,2 2.2
Scoria 4 22,0 5.7 3.8
Scoria 5 23,0 24,0 14,2 1.7

IIl.4
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I1I.3

Core Bit and Extension Tube Optimization Tests

Figure III~-2
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Figure

III-3

Typical Core Bit Test Specimens
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Notes: 1) All tests conducted with the 6-inch bits coupled directly
to the power head adapter.

2) All tests conducted with an axial bit force of 55 pounds,

These tests clearly demonstrated that the 3 and 5 carbide tip
bits outperformed the 4-tip version due to improved indexing, At this
peint in the ALSD development program, a decision was made to replace
the original 4-tip design bits with the 5~tip configuration, Although
the 3-tip design indicated slightly superior performance, the bit tended
to "chatter" excessively during operatlion and it was anticipated that
rapid degradation of the tips would oceur,

Another factor demonstrated during the performance of the
core bit test program was the importance of optimum axial bit force
to obtain maximum penetration rate at a minimum power consumption,
Figures III-4 and III-5 {llustrate the relative penetration rates and
power consumption of the 5-carbide bit previeusly deseribed with varying

~axial bit foree in demse and vesicular basalt, Although this bit does

not represent. the final gelected design configuration, the data dces
clearly illustrate the significance of optimum axial bit force in dense
basalt, Bit force 1ig8 not as critical in softer rocks such as scoria or
vesicular basalt, shown in Figure III-5, because of the lower energy
threshold required for predictable fracturing.

One technique for predicting minimum bit force required for
efficient transfer of percussive emergy from the drill string and bit
to the rock follows:

P - 2(1 + Y)fWy

MIN g

L]

f = blow frequency (blows/sec)

W

n

percussor ram weight (pounds)

percussor velocity (feet/sec)

<
H

g = gravitational acceleration (32,2 ft./sec?)

<
i

coefficient of restitution between the percussor ram
and drill string (assumed to be 0, 33)

Using the design parameters of the ALSD, P was calculated to
: MIN
be 37 pounds,

ITI.7
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The original design of the ALSD included use of the anchor pin,
reel and cable assembly, and treadle, previously fllugtrated in Figure
II-13, for providing a means for the operator to apply the required
axial force to the core bilt, Subsequently, redefinition of the lunar
surface model reduced the quantity of anticipated dense basalt thus
eliminating the requirement for the restraint system, The final drill-
ing tests Iindicated that a spacesulted subject operating under 1/6-G
conditions can drill the NASA gtandard dense and vesicular basalt rocks
(located at a depth of 1.5-2,0 meters below the overburden surface) at
penetration rates of 1 and 5 inches per mimute respectively.

2.4 Final Core Bit Selection « The core bit test program indicated
that a compromise design was mandatory in order to meet the ALSD drilling
requirements in all lupar similant materials., The harder tungsten car-
bides (91,3 RA) possess good wear characteristics in dense basalt, but
tend to fracture 1f operated under light loads., Tip geometries which
perform at high penetration rates and low power consumption tend to
degrade rapidly, The final basic configuration selected is detalled in
MMC drawing PS600100023-011, A minor modification was incorporated, as
shown on MMC Drawing 467A8050000-011, to ensure that a uniformly round
hole was drilled in consolidated materials, The selected carbide
material (89,3 RA) consists of 87% WC and 13% Cobalt.

ITI-10
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3.0 CORE BIT EXTENSION TUBE ORPTIMIZATION
3.1 Scope ~ The ALSD drill string (assembled core bit extension

tubes) is as important as the core bit in regards to system drilling
efficiency., There is little advantage to be gained by having a highly
efficient cutting bit 1f the percussive energy generated by the power
head is lost by inefficient transmission of strain wave energy Iin the
drill string, However, the drill string energy transmisslon efficiency
must be "traded off" against its weight, since this subsystem represents
a significant portion of the overall system weight. As an example, an
ALSD drill string fabricated from magnesium or beryllium would weigh
approximately 1.4 pounds as compared to steel at 5,9 pounds., The lighter
drill string, of course, is of no value if 1t will not transmit sufficlent
energy to drill dense basalt at a reasonable penetration rate,

An analysis was performed for the ALSD gsystem using the clagsi-
cal techniques for determining drill stripg stress waveforms, peak forces,
and total wave energy under ideal conditions., A summary follows:

The stress developed in the drill stxing is given by:

1 - S(i~s} '
g = 01 1. 2P T3 i=1,2,3...n

<2.
CD

where n 1s largestinteger

1l T T
S = s P = y &T = (7= =)
1 +7T 1+T K E; G
where: A = cross sectional area of drill or percussor
C = wave veloclty of drill or percussor
E = modulus of elasticity of drill or percussor

Calculations and graphic analyses indicated the following results
for various drill string materials:

I1I-11
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Peak Stress  Peak Force Wave Energy
Material (1b./in?) (Pounds) (% of Impact Energy)
Steel 22,500 4,600 100
Titanium 13,300 2,700 97
Lockalloy 12,200 2,500 97
Aluminum 9,000 1,800 97
Magnesium 6,100 1,200 88

Calculations were also made to determine the energy transfer
efficiency between the various material drill strings and the dense
hasalt, Using the rate of decay of the incident percussive waveform
znd the slope of the force-~penstration characteristics of the bit-rock
combination, the following ratlo Indicator is attained:

Riw

2
Ay Epfp
W

where: (8 =

W = percussor ram weight
PL= drill string material density

4

K= 14 x 10" 1b,/in, (determined from Fig, III-1)

The following values of m were calculated, from which energy
transfer efficiency can be analytically determined:

Energy Transfer

Material T Efficiency
Steel 7.1 35%
Titanium 2.1 50%
Lockalley 1.8 50%
Aluminum . 0.8 50%

0.3 38%

Magnesium

I1I=12
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The analytical results summarized above were calculated to
serve ag a means for predleting performance of the various drill string
materials,
3,2 Test Results Summary - The drill string types tested during
this program are 1llustrated in Figure ITI~6, Steel, titanium, aluminum,
and magnesium materials were used in coubination with double and quad-
ruple flute cuttings transport systems, Numerous drilling tests were
parformed, predominately in the dense bagsalt standard. The average
relative penetratien rates attalned umsing a normalized basa follow:

Steel 1

Titanium 0,6
Alumloum 0,28
Magnesium 0,15

The actual penetration rates varied depending upon the type
of bit and number of extensions employed, but the relative values for
the various materials remained approximately constant. These test
results generally agreed with the predictions which were made from the
peak stresgs and emergy transfer calculations., The energy transmitted
by the aluminum and magnesfum drill strings was in the gray region
between "above' and "below" the energy threshold required for initiating
rock fracturing, In softer rocks (vesicular basalt, scoria, ete,) with
lower energy thresholds, the relative difference between galuminum and
magnesium, and the other metals was not as great as for the demnse basalt,

The alumimim and magnesium was ultimately deleted as candidates
for the ALSD because of the possibility that a block of dense basgalt may
be encountered balow the lunar surface at a depth great enough such that
the fully assembled drill string could not penetrate due to excessive
energy losses. The heavier titanium was selected for the ALSD drill
string, The double~flute cuttings transport system was selected because
of 1its greater capacity which could be required if the rapid penetration
rates (10-15 in./min,) of scorisceous~type materials are encountered om

the lunar surface.

III-13
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Typical Core Bit Extension Tube Test Specimens

Figure III-6
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4,0 HOLE CASING SLEEVE OPTIMIZATION
4,1 Scope - One of the major problems encountered dufing performance

of the ALSD program was development of the hole casing sleeves, Thisg sub-
system is used to prevent the collapse of the 3-meter subsurface hole
against critical elements of the emplaced HFE probe. Two major constraints
of the HFE which contributed to the hole casing sleeve development problam
includeds 1) The casing sleeve, if permamently emplaced with the HFE
probe, was required to be fabricated from & non-metallic material (metallic
casings could be used 1f removed from the hole after probe emplacement),
and 2) The HFE probe signal cable could not be decoupled from the probe

or its control box, This prevented removal of any tubular casing sleeve

if temporarily emplaced in the subsurface hole to restrain the cave-in
during probe emplacement.

The development tests (24-38) performed which resulted in the
fipal design selection are summarized below,

4.2 Test: Regults Summary - The initial hole casing approach proposed
during the Phase C program shown in Figure II-1, consisting of the manual
insertion of an axially split, thin-wall sleeve around the emplaced drill
string,was abandoned early in the development program, This approach was
abandoned because of the difficulty encountered in forcing the sleeve to
depths greater than 1-2 feet into uncemsolidated material which had
collapsed around the drill string after its emplacement, Tests were also
conducted to determine the feasibility of emplacing the gplit casing cone
currently with the drilling operation, This approach was also abandoned
because of the tendency of the split tubing to wind around the rotating

drill string,

One modification of the initial split tubing approach which
appeared to have merit is illustrated in Figure IILI-7, This approach con-
sisted of installing the gpring-loaded split tubing against the inmer
walls of the drill string segments prior to drilling the hole, . Upon com-
pletion of drilling, the immer split tubing was withdrawn from the emplaced
drill string, emptied of core material, and replaced within the drill
string, The drill string was subsequently manually withdrawn, leaving
the split tube casing emplaced in the subsurface hoele, The HFE probe was
then inserted into the hole, and the split tubing was withdrawn from
around the probe and its cable, Although this technique was found to be
technically feasible during test, the spacesulted subject operational pro-
blems were considered to be excessive,

Numerous tests were performed using the cencurrent casing
technique illustrated in Figure III-8, This technique consisted of

IIT-15
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Figure III-.7 Internal Split Tube Casing Tests
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Figure III-8 Concurrent Drilling/Casing Tests
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assembling the serrated fiberglass tube sectlons,depicted in Figure II-10,
around the drill string, and drilling with the complete assembly to the
required depth, This approach was tested, both with the casing rotating,
and non-rotating, with respect to the inmmer drill string. The concurrent
drilling/casing technlque was subsequently abandoned because of the ex-
cessive torques developed, both between the drill string and casing, and
between the casing and walls of the subsurface hole, These torques, in
addition to causing falilure of the relatively thin~wall fiberglass tubes,
were in excess of the spacesuited subject's restraint capability under a
1/6+G operating mode, A secondary reason for eliminating this casing
‘technique is that the carbide bit tips will not "over-drill” the hole in
consolidated rock with sufficient clearance to allow a thin-wall casing
(4-5 mils, or greater) to pass through the hole simultaneously with the
bit,

The final hole casing technique which was extensively pursued
during this program involved the following, two=step operation: . 1) The
3-meter subsurface hole was initially drilled with the drill string and
bit, and subsequently withdrawn with the encapsulated conglomerate and
consolidated rock (1f any) core samples, leaving a subsurface hole which
had partially or completely collapsed with relatively low density uncon=
solidated material, 2) The subsurface hole was subsequently encased by
sequentially power-driving fluted, closed-end fiberglass casing sectlons
which after emplacement, restrainad the walls of the hole and provided
a receptacle for insertion of the HFE probe,

The final hole casing technique selected for incorporation
into the ALSD gystem still required extensive development, predominately
in the area of the penetrating tip configuration and the design of the
quick-release, casing-to-power head adapter, Design of a casing tip to
penetrate unconsolidated material presented no problem, but a design to
penetrate a pre~drilled hole in a subsurface block of consolidated rock
presented numerous problems. The pre~drilled hole normally back~filled
with conglomerate materials during retraction of the drill string, These
problems were predominately related to the comstraints of the HFE, which
dictated the maximum diameter of the core bit (1,032 inches) and minimum
inside casing diameter (0,875 inches). In order to ensure sufficient
strength of the fiberglass casing sections, a one-~inch outside digmeter
was required resulting in a basic material wall thickness of 0,125 inches,
The strength of the basic fiberglass tubes was degraded somewhat by the
machined 0,022 inch-deep cuttings transport helical flutes and the male/
female tapered coupling joints.

Figure III-9 ;llustrates 11 of the approximately 25 development
casing tip configurations which were tested during the program, The design

ITI~18
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Figure III-9 Hole Casing Tip Configurations
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requirements of the tip which evolved during the test program Iincluded:

1) Capable of cutting and penetrating through unconsolidated material
which has caved into the pre=drilled hole in a subsurface rock (this
material tends to compact into a rock-hard consistency when restrained

by the consolidated rock hole walls), 2) Capable of fracturing and
grinding material which 1s initially too large to pass between the

casing flute grooves and the hole walls, 3) Capable of metering and
trangporting the cuttings at a rate consistent with a 5-6 inch per

minute casing penetration rate ~- a fast penetration rate results in
overloading the cuttings transport system and subsequent jamming of the
casing string; a slow rate results In excessive abrasion of the fiberglass
material, destruction of the flute transport system and subsequent jamming
of the casing string. ,

The final ALSD casing configuration 18 illustrated in Figure
T1I1.10, During testing of the hole casing design, small, stainless
steel support bands epoxyed concentrically with each female taper joint
were incorporated to increase the hoop strength of the casing stringg _
and the addition of a copper-nickel cladding for a length of 1.6 inches
above the tip was incorporated to preclude severe abrasion at the tip/
caging transition,

Design of the casing-to~-power head adapter also required a
considarable development test (39) effort during performance of the ALSD
program, The major design requirements of the adapter included: 1) The
capability to transmit torques to 20 footw~pounds through the frictiomn
taper mate with the casing sections, and 2) Capable of quick release.
from the casing taper after emplacement, Figure III-1l illustrates
several of the designs which were tested in an effort to attain the
design requirements, The final adapter design, illustrated in Figure III-11,
operates through the interaction of matched tapers, The inner collet and
outer shell with the matched tapers in full engagement grip the hole
casing, The use of a key block, driven by the ALSD power head, provides
the means to separate the matched tapers and thereby release the grip on
the hole casing, Detailed operating instructions and opéra?ignal tech~
niques are presented in the Familiarizatien/Support Manual, '

IIT.22
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Figure III-10 Final ALSD Casing and Adapter Configuration
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Casing-to-Power Head Adapter Configurations
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5, - POWER HFAD ELZCTROMAGNETIC INTERFERENCE

5.1 Scope ~ A primary concern during initiai design of the ALSD

power head was that the de, mechanlezlly commitated metor would exeeed
the electromagneric radiation limits of MIL-I-26600, Clazs I, 238 smended
by NASA document MSC-ASPOEMI-1CA, Since problems of this nature are
difficult to correct on de motors, a serles of EMI tests were scheduled
early in the program fcr the Powered Iunar Geologist Tool (a drill
gimilar to the ALSD developed on a2 previous program) and the EML Test
Model ALSD in order to identify and correct any apparent problems
prior to fabrieation and tesgt of the flight units, The develepment
tests (41) (42) are summarized below,

5.2 Test Results Summary ~ The tests performed on the Powered Lunar
Geologist Tool (PLCT) revealed that all the requirements of MII~I~266G0
were mat for radiated EMI, Conducted EML and EMIL susceptabllity were

not required for the ALSD,

The initial tests conducted with the EMI Test Model-ALSD
regulted in several out-of~tolerance measurements, The differences
between the PLGT ani EML Test Model were attributed to the heavier
physical construction of the former upit which tended to contain the
electromagnetic radiation in a more efficient mammer. As a result of
these tests, the following modificatlons were Ilncorporated imto the
ALSD systems

1) Mu-metal ghielding was installed ingide the power head
castings in the area of the motor commutator,

2) A mu-metal shield was installed around the external
connector palr which is the electrical interface between

the battery and the power head,

3)  Spring-loaded, molybdenum buttons were installed .in the
forward power head housing to conduct the statie electricity
generated by the rotating output spindle to the case of
the unit,

Subgsequent testing revealed that the EMI Test Model-ALSD met
the MIL.I-26600 requirements as {llusgtrated in Figure I11.12,

ITI~25
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6.0 .POWER HEAD HIGH TEMPERATURE OPERATING CHARACTERISTICS
6,1 Scope - Preliminary thermal analyses (1) performed during the

Phage C program Iindicated that the power head housing and permanent magnet
may experience temperatures in the vielnlty of 335°F at the end of a drill-
ing mission under worst-case conditions, These condizions included mwaximum
temperature during transit to the lunar surface, and a maximum sun angle
above the horizon while performing a worst-case drilling mission (max.
power requirement) on the lumar surface, (Subsequent Phase D thermal-
vacuum tests under modifled worst-case oparating conditlons revealed
average power head housing temperatures of approximately 325°F,)

The ALSD power head was degigned with the latest state~of-iia=-
art Iinsulations and materlals avallable to withstand the maximum anticipated
operating temperatures using a passive thermal control system, The Genox
R6~-C permanent magnet material was selected for its optimm low and high
temperature operating characteristics, A test (46) was performed on a
bare ALSD motor to determine its operating conditions under ambient and
elevated temperatures as summarized below. A similar test (72) was per-
formed oa the power head percussor spring to emnsure its reliabilitry at
elevated temperature,

6,2 Test Regults Summary - As diagramed in Figure III~13, the ALSD
motor was mounted in a temperature chamber, with provisions for measuring
input power and controlling the output mechanical load, Operating charac-
teristics at ambient (70°F) and elevated (310°F) temperatures were measured
as graphically illustrated in Figures IIT~24 and III-15, The motor char-
acteristics at the approximate operating peint includeds

@ro°F @310°F
Input Voltage (VDC) 23,2 23,2
Input Current (Amps DC) 16.5 20,0
Output Speed (RPM) 81400 90090
Output Torque (0z,~In,) 50 50
Efficiency 7% - 30 69

Other component temperatures measured during the elevated test
included the following:

Magnet Temperature = 350°F
Commuitator Bearing Block = 340°F
Front Bearing Block = 350°F
Brush Holder = B30Q°F
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The test Ilndicated that the ALSD motor design will perform sat-
isfactorily under worst-case temperature conditions anticipated on the
lunar surface,

A high temperature operating test was algo performed on two
candidate material percussor springs to determine theilr respective energy
constant degradation and fatigue life. A special fixture, as shown in
Figure TII-16, was designed and fabricated for sequentially wounting and
preleading the springs in the high temperature chamwber with provisions
for cyeling at approximately the same rate (1790 CPM) and compression
(0,5 in,) as encountered during normal operation in the power head,

Two samples of each candidate materfal (17-7 PH Stainless and
Vascojet 1000) were sequentially subjected to one million operating cycles
at an ambient temperature of 400°F with no visible degradation of the four
springs, Subsequently, two of the four springs were subjected to an
additional one million cycles at 400°F with no visible degradation of the
two candidate materials., Since the maximum cyclic 1ife span.of a filight
unit percussor including both test and lunar surface operation will not
exceed 125,000 cycles, these tests represent the spring cyeling to 16
times the normal operational spring life for flight units, No failures
of percussor sprinzs occurred during the full extent of development testing, -

The final test performed on the two candidate material springs
congisted of measurement of energy degradation resulting from the high
temperature environmeut as tabulated belows

@70°F @400°F
17-7 PH Stainless 233 1b./1in, 220 1b./4in.
Vascojet 1000 260 1b,/in, 220 1b,/4in.

The 17-7 PH spring was selected for use in the power head
percussor since it exhibited a more comsistent spring constant over the
entire anticipated temperature operating range,
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7.0 POWER HEAD PRESSUBRIZATION SYSTEM OPERATION IN A VAQJL
7.1 . Scope -~ A major design area which recelved considerable attention

during the initfal ALSD development test program included the power head
pressurization seals, This system, which consists of two rotary dynamic,
one linear bellows dynamic, and eight static seals, was requlred to main-
tain the internal pressure during operation of the power head, Proper
performance of the dynamic seals in a vacuum was of particular comcern
since no previous space application requirements existed for combined
rotary and linear motion sealing comparable to the rotary-percussive
action of the power head spindle, A vacuum tegt (55) of the power head
was scheduled early in the program to identify and correct any problems

with the seal system,

7.2 Test Results Summary - The power head was installed in a Varian
vacuum chamber as illustrated in Figure IXI-17. A test fixture was designed
incorporating a rotary-thrusgt bearing and threaded loading rods which per-
mitted application of a nominal drilling-~load (approx. 40 axial pounds as
defined at that time) to the power head output spindle., Instrumentation
wag provided for the measurement of input power (supplied by an external
power source) and power head pressure, Power head temperature measurements
were algo recorded although they were not pertinent to the test because

of the absence of space and solar simulation.

The power head was operated in the vacuum chamber at envirommental
pressures in the range of 103 mm Hg at a typical duty cycle of 5 mimutes
on, 1 minute off for a total power-on tims of 40 minutes, The pressure
relief valve, adjusted for an operating pressure of 25 + 1 psi, did not
appear to "crack" during the test because the absolute power head pressure
rise from 15 (ambient) to 20 psia did not exceed the lower actuation
pressure, Theoretically, the pressure should have increased to approxi-
mately 23 psia based upon the measured temperature rise which indlicated
that there was some minor leakage during the test,

An operational rock drilling test (54) was performed concurrently
with pressurization meagurements, During the test, the power head seals
maintained pressurization for a non-operating perlod of approximately 41
hours, and for an operating (rock drilling with an axial bit thrust of
60 pounds) pariod of 51,2 minutes.

As a result of the two tests summarized above, the ALSD power
head seals system was deemed satisfactory for incorporation into the
flight unit power heads,
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Figure III-17 Power Head Seals Vacuum Test Setup
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8.0 POWER HEAD MAGNETIC FIELD RADIATION MEASUREMENTS
8,1 Scope ~ A design constraint was introduced into the ALSD program

which limited the allowable magnetic field Intensity generated by the
power head (or any subsystem) to a maximum of 10 gammas for frequencies
less than 30 Mz at distances greater than ten feet. The constraint was
introduced to eliminate any posslble magnetic damage to the lumar surface
magnetometer experiment, Thils requirement was later rescinded, and re-~
placed with the design goal that the magnetic fleld generated by the power
head could not exceed 0,25 gauwss at distances of 6 Iinches or more from
the ALSD envelope in the ALSEP stowage mode, A test (71) was conducted

to map the magnetic fleld generated by the power head as summarized below,

8.2 Test Results Summary - Magnetiec field intensity measurements
were performed on the EMI Test Model power head using the Gulf flux~gate
magnetometer III, Measurements were made at distances of 0,5, 1, 2, 3, 5,
and 10 feet from the magnetometer sensor while rotating the power head
about its longitudinal and transverse axes, Other measurements were taken
by holding the ALSD in a fixed orientation and moving 1t towards the
‘established measurement intervals. Maximum magnetic field measurements
were recorded at each location.

At the 10 foot distance from the power head, the average maxi-
mum magnetic field measurements using the four measuring modes was 6,1
gamma, The maximum recorded value from all measurements at a distapce of
ten feet was 10,05 gamma,

The maximum O, 25 gauss design goal at a distance of 6 inches from
the ALSD envelope is equivalent, at the nearest point, to approximately 9
inches from the center of the power head permapnent magnets, Using the in-
verse cube relationship for diminution of the mugnetic fleld, the maximum
caleulated field (1 foot measurement as a reference) was 0,2 gauss, This
maximim field intensity is in the directien of the ALSEP pallet, The field
intensity in any other direction (6 inches from the battery top, transport
handle side, etc.) would be less than the 0,2 gauss, These measurements
do not take into consideration the ghlelding which may result from the
various ALSD compenents in theilr stowed configurations,
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9.0 BATTERY PERFORMANCE CHARACTERISTICS
9,1 Scope - Numerous development tests (57-67) were performed to

verify the electrical performance of the ALSD training and flight
batteries, The training battery was designed with secondary-type,
silver-zinc cells which exhibit longer activated life and multiple
recharge capability characteristics at the trade~off of reduced capacity
per discharge, The training cell tests were performed to verify that
the required operatimg time (16 minutes) and power output level (450
watts) were obtained.at amblent temperature conditions.

The flight battery tests were more extensive, and included
low and elevated temperature performance characteristics in additiom to
verification of the ambilent requirements., The tests also encompassed
verification of high current discharge capabilities, which became a
requirement when the depth of the conglomerate lumar surface similation
model was increased from 1.2 to 3 meters. This drilling model may inter-
mittently demand peak currents of 30 to 50 amperes, which is in excess
of the nominal 18,75 ampere design parameter. .

9.2 Training Cell Test Results Summary ~ The initial training cell
design, designated HR5DC~12X, contained the following elements within a
Bakelite C~1l case:

Electrodes per cell: 12(+)/13(~)
Silver per cell: 19.6 grams
Zinc per cell: 15,2 grams
Active area per cells 70,1 in,2
*Separatorss 1T VN2,5/4C~19
*Note: 1VN2,5 Intevrseparator: vitanyzed nylon fabric
C-19 Main separator: regenerated cellophane with con-~

tractor patented treatment

A discharge test of 5 cells at an 18.75 ampere rate indicated
that the terminal voltage decreased below the minimum aecceptable level
of 1.41 VDC in the ranze of 12-14 minutes after initiation of discharge.
Performance during four subsequent discharge cycles showed no imprevement,

The training cell was subsequently redesigned (designated
HR5DC~12x1) with the following mijor elements:
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Electrodes per cell: 1001/ 18D
Silver par cell: 20,4 grams
Zinc per cell:s 16,3 grams
Active area per cell: - 58,5 in,z
Separators: ‘ 1T VN2,5/4C-19

A discharge test of 4 gells at an 18,75 ampere rate indicated
that the terminal voltage decreased below the minimwm acgeptable level of
1.41 VDC in the range of 18-20 minutes after initiatiom of discharge which
exceeded the required 16 minutes, Subsequent charge/discharge cycles
indicated that 18 minutes of operating time was exceeded up to at least
the tenth cycle, Tests of those cells were discontinied at that time,

A gecond series of 4 cells were tested to optimize the quantity
of KOH electrolyte. Two of the four cells were activated with 20 ce of KDHg
the remaining cells were activated with 21 ce. Marginal operating times
for the lower electrolyte quantity cells were recorded during the 3rd,
4th and 5th discharge cycles, The quantity ef electrolyte in the marginal
cells was increagsed, and a minimum of 18 minutes operating time was recorded
for the subsequent 6th through 1lth discharge cycles.

In summary, the operating characteristics of the traiming unit
silver-zinc cells includes

Open Circuilt Voltage:

1.85 + 0,03 VDC .
Operating Voltage: 1,46 + 0,05 VDC (@ 18,75 Amperes
Capacity: 5=~5.7 Ampere~hours

9.3 Flight Cell Test Results Summary (Ambient and Elevated Temperature) =~

The f£light cell design, designated PM5(1l3)-2, contained the following ele-
ments within a Bakelite C-1l case:

Electrodes per cell: 8(+)/9(=)
Silver per cell: 45,2 grams
Zinc per cell: ' 31,0 grams
Active area per cell: 50,4 in,
Separators: 1T VN2,5/2C~19

The cell case material was subsequently changed ffom C-11l to the higher
operating temperature Cycolac X-27 for the final flight units,
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A group of 4 cells was selected from the first production lot
and subjected to a discharge test at room ambient temperature immediately
after activation. The four cells delivered 18.75 amperes for a period
exceeding 40 minutes thus meeting the specification requirements,

A second group of 4 cells was activated and subjected to the
ALSD pre~discharge temperature enviromment consisting of nine days at
90°F and six days at 100°F, The cells were subsequently discharged in
a 100°F environment at the 18,75 ampere rate to an end voltage of 1,375 VDC,
The discharge time for the 4 cells ranged from 42 to 45,5 minutes thus sur-
passing the specifilcation requirement,

In summary, the operating characteristics of the flight unit
silver-~zinec cells includes

Open Circuit Voltage: 1.85 + 0,03 VDC
Operating Voltage: 1.44 + 0.06 VDC (@ 18.75 amperes
Capacity: 12,5-14, 2 ampere~hours

9.4 Flicht Battery Test Results Summary (Ambient & Elevated Temperature -

Four complete battery assemblies (16 cells/assembly) were subjected to
electrical discharge tests. Two of the batteries were activated and stored
at room ambient temperature for 15 days prier to dischargej the remaining

two batteries were subjected to an activated storage enviromment of nine

days at 90°F and six days at 100°F followed by a 100°F enviromment discharge.
The room ambilent temparature batteriles provided capacity outputs of 13.9 and
14,2 ampere-hours; the elevated temperature discharge batteries provided
outputs of 14.4 and 14.6 ampere~hours, Silver-zinc cells characteristically
develop a higher capacity output at elevated temperatures as compared teo

room temperature, '

" In summary, the operating characteristics of the flight unit
battery assembly include:

Open Circuilt Veoltage: 29,6 + 0,5 VDC _
Operating Voltage: 23,0 + 1,0 VOC @ 18,75 amperes
Capacity: 12,5-14,2 ampere~hours
Power Density: 41~45 watt-hours/1b.
9.5 Flicht Battery Low Temperature Test Summary - A series of tests

was parformed to determinz the operating characteristies of the flight
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battery when subjected to ambient envircnments of O, 20, 30, and 40°F,
The final ALSD thermal analysles indicated that the battery would experi-
ence a minimum initial temperature of 21°F under worst-case (minimm SEB
temperature and 7° lunar sun angle) eperating conditicnz with the ghroud
installed, With the shroud removed, 2 minimum temperature of «35°F could
be experienced by the battery., The purposes of these tests were ito
determine the temperature at which the battery terminzl voltage would
decrease below the minimum required for starting the power head, and to
determine the battery output power degradation resulting from the low
temperature environment,

Figures III-18 and III-19 illustrate the test equipment used
for these tests., The switching arrangement permitied the batitery eutrakt
to be connected either to the power head for determination of sufficient
starting voltage or to the external load bank for measurement: of power
output, The battery was discharged at the nominal 18,75 ampere rate for
each tests, Power output for each temperature interval is indicated
below:

Temperature _ Power Output Durine 40-Min, Discharge
70°F 300 watf:~hours (design requirement)
40°F 284 watt-hours
30°F 282 watt-hours
20°F 276 watt-hours

Q°F . 268 watt~hours

The minimum stabilized tewperature af which the batltery/power
head combination would operate was ~10°F, Operation of the unit at lower
temperatures (-20 to ~30°F) may be possibleq but considerable energy would
be expended in heating~-up the battery (resulting from the short cilreuit
effect of the stalled power head motor) until the terminal voltage increased
sufficiently to start the power head,

The decrease in battery power capacity at temperatures down to
20°F 1s not considered excessive in view of the power requirsments for
the modified lunar surface simulation models,

9.6 Off-Limit Flight Battery Electrical Characteristics ~ Several
tests were conducted to determine characteristics of the flight battery
which were beyond specification requirementz., The first tests consisted
of evaluating the effects of battery recharge and increased activated
stand time, Two batteries (used in the previous low temperature tests)
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with the operating histories delineated below were subjected to a
standard discharge at room amblent temperature,

Battery #1 Battery #2

Total Activated Stand Time 36 days 34 days
Total Number of Previous

Discharge Cycles 3 days 2 days
Elapsed Time Since Last Charge . 13 days . 13 days

The batteries delivered total capacities of 14.0 and 14,6
ampare~hours respectlvely, exceeding design requirements,

A battery assewbly high current test was performed to deter-
mine operating characteristics 1if intermilttent, high power delivery
is demanded when drilling in the 3-meter lupar surface similation medels,
A 60~ampere, 2 mimuites on, 2 minutes off discharge duty cycle was used
for the test. The operating voltage duiring this test decreased from the
nominal 23 -+ 1VDC to approximately 22 + O, 3VDC throughout most of the
test, and the delivered power was measured at 306 watts. Operation of

the power head under the reduced voltaze condition would not adversely
affect the drilling mission,
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10,0 DRILL STRING OPERATIONAL TEMPERATURE RISE
16,1 Scope ~ As described iIn paragraph 3,0, the ALSD rock fracturing

energy 18 generated In the power head, and transmitted in the form of
straln wave percussive evergy through the titanium drill string extension
tubes to the core bit tungsten carbide cutting tips., A portion of this
transmitcited energy 1ls comverted inte heat as 1t passes through the
tiranium material and the extenslcn tube coupling joints. A gignificant
portion of the total energy loss is converted into heat at the coupling
jointe through frictional movement of the mating surfaces, The design
of the joint (double, one-inch lead acme~type thread) wae necessarily

a compromlise between joint efficiency (minimum energy loss) and the
limited capability of a spacesuited subject to decouple the extension

tubes,

A series of tests (48, 50) was performed to determine the maxi-
mum temperature rise which may be experienced on the drill string result-
ing from percussive drilling in a vacuum environmment.

10,2 Test Results Summary ~ A titanium drill string was instrumented
with eight thermocouples along the first two extension tubes below. the
power head, which is the highest temperature-rige area of the drill
string, The drill string was insulated intermally and externally with
fiberglass to minimize heat loss, and installed in the drilling test
fixture, as shown in Figure IIIL-20, Drill string temperatures were
recorded immediately after each drilling run which was conducted at a
duty cycle of 5 minutes on, 2 minutes off, Tewperature rise data was
accumulated for dense basalt, vesicular basalt, and unsorted conglomerate
drilling models. Using this data, temperature-rise predictions were made
for the 3-meter lunar surface gimilation models consisting of the various
combinations of materials delineated below:

Lunar:Surface ‘ ‘
Simlation Model Drillggg Time - Max, Temp, Rise

3 meters conglomerate 1 minute in conglomerate, 72°F
inclusive of 0,15 6 minutes in dense basalt

meter dense basalt

block

3 meters éonglomerate 1 minute in conglomerate, 65°F
inelusive of 0,75 5 mimites in vesicular

meter vesicular basalt

basalt block

3 meters congléﬁerate 2 mimites in conglomerate 14°F
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Figure III-20 ALSD Drill String Temperature Rise Test
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The concern for drill string temperature rise is hased upen the
250°F maximum equipment temperature which can be comfortably handled by
the astronaut, Preliminary data furnished by the ALSRC contractor indi-
cated that the drill string extension tubes may attain s maximum temperae~
ture of 150°F prior to removal from the ALSRC, Therefore, any additional
temperature rise resulting from drilling should be minimized, The lunar
surface drill string cooling characteristicas (4) resulting from the
grit blast passive thermal control finish,in consideration of the maximum
operational temperature rise Indicated by this test seriles, revealed rhat
the maximum 250°F temperature limitation will not be exceeded,
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11,0 POWER HEAD VACUUM ROCK DRILLING TEST
1.1 Seope -~ All of the previously described ALSD drilling tests

were conducted under room ambient conditioms, A preliminary test (56)
waz conducted te provide a cursory investigation of the effects of core
driliing a vesicular basalt speciman with the ALSD power head in a_near
vacuum snvironment, Although it was known in advance that the 10~11 torr
range chamber (clean, dry, and empty) would increase in pressure by
several orders of magnitude during a drilling operation, it was antici-
pated that the following parameters could be compared with room ambient
results: 1) Relative drilling penetration rate, 2) Relative drilling
torque requirements, and 3) Rock cuttings particle behavior.

1.2 Test Results Summary - The power head, restraint carriage, and
vesicular basalt specimen were installed in a NASA-MSFC Varian chamber
as illustrated in Figures ITI.21 and III-~22, A solenoid actuater was
ingtalled to drive a thermocouple against the core bit after completion
of drilling, but mechanical and electrical difficulties precluded the
accumulation of reliable data. High speed movies were taken through the
chamber viewing ports as an aid in studying the rock cuttings trajectories
during the drilling operation, The outgassing load og the eguipment
resulted in a chamber operating pressure range of 107 torr dur-
ing the drilling runs.  The following conclusions were made from these
testss: '

1) The relative drill bit pemetration rates were approximately
the same during the control ambient and vacuum drilling
tests,

2) ‘The drilling torque (as related to input power) was approx-
imately the same for the ambient and vacuum drilling tests,

3) The rock cuttings particles exited from the drill hole at
slightly higher velocities than during the amblent con-
trol test, Maximum observed vertical travel of the drill
hole ajected particles was approximately eight inches;
most of the cuttings traveled less than four inches, The
slightly higher velocity and travel of the cuttings parti-
cles during the vacuum test are attributed to release of
entrapped molsture in the vesicular basalt and absence of
significant aerodynamic damping of ejected particles, This
particular test substantiated a previous decision to remove
the debris deflector (drill string boot) from the ALSD
system,
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(B) Power Head and Thermocouple Actuator Control Equipment

Figure II1I-21 ALSD Vacuum Drilling Test Equipment.
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(A) Power Head Installation
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(B) Vesicular Basalt Drilling Specimen (C)::f::Bit Temperatm;é Thermocoupie Act

Figure II1I-22 Vacuum Chamber Installation of ALSD Power Head.
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12,0 THREE METER DRILLING TESTS

12,1 Scope -~ A continuing series of 3-meter drilling tests was

performed throughout the duration of the program. These tests were perw
formed to accumulate a variety of emgineering data including: 1) Relisbility
and efficiency of the core bit/drill string system, 2) Power requirements,

3) Axial thrust and torque restralnt requirements, 4) Core collectiocn and
retention capability, and, 5) Casing reliability,

12,2 . Test Results Summary - Consolidated Rock Drilling - The initial
3-mater drilling tests were performed in congolidated rock models as con~
tractually established early in the program., These tests were conducted
in vesicular basalt, pumice, and scoriz in a manmer similar to that {llustrated
in Figure I1I-23, The following summarizes the results of these tests:

1) The 43% porosity basalt could be drilled to a depth of
three meters at an axial bit thrust commensurate with the
capability of an astronaut working on the lunar surface
(12-18 pounds) at an average rate of 3-8 inches per mimute,
The relatively wide range of penetration rates is attri-
buted to the wide range of drillabilitry characteristics of
the vesicular basalt specimens, A 95% core collection
could be attained without the use of a core retainer,

The 3-meter core varied in quality, with core lengths
varying from chip~size to a maximim of 16 Inches, with an
average of approximately 3-4 inches,

' 2) The pumice could be drilled to a depth of three meters at
an average rate of 120-140 inches per mimute, with an
axial bit thrust of 2-6 pounds, Core accumilation
in this relatively low~stremgth, low-density material
generally averaged 50607 of the total depth drilled.
This relatively low core recovery is due to the fact
that the compressive strength of the pumice iz too low
to overcome the frictional forces of the core within the
extension tubes during penetration of the drill string,

3) The scoria could be drilled to a depth of 3 meters at
-+ penetration rates of 6-12 Inches per minute with axial bit
thrusts of 12-18 pounds, A 95% core collection could be
attained without the use of a core retainer, Core lengths
varied from chip-size to a maximum of 4=5 inches,

12,3 Test Results Summary - Conglomerate Mopdel Drilling -« Revision of
the comsolidated rock models to those iLllustrated in Figure I1I-24 presented
a pew set of problems which required study., In general, less drilling power
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Figure II1I~23 Three~Meter Vesicular Basalt Drilling Test
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capaci%y was required for each 3-meter hole, but this savings was partially
negated by the increase required for poweredriving the casings. Drilling
torques were somewhat higher for the conglowerates than for the consoli-
dated rock models, but penetration rates were also higher and the axial

bit thrust rejquirewents were lower, thus tending to reduce the astronaut
work load for each 3-meter hole, The following summarizes the results

of these tests:

1) The conglomerate with veslcular basalt chunks drilled at
a penetration rate of approximately 120 inches per minute
except when the vesicular basalt chunks were encountered,
at which time the rate slowed to 3«5 inches per mimtte with
a 12-18 pound axial bit thrust, Average drilling torques
in the model were 3«10 foot pounds, with peaks to 20 foot-
pounds, Total power required to drill and case each hole
varied from 1-2 ampere~hours, Core recovery varied from
40~50% of the linear depth of the hole,

2) The conglomerate with vesicular basalt block (0,75 meter)
drilled at a penetration rate of approximately 120 inches
per minute except when the vesicular basalt block was
encountered, at which time the rate slowed to 5-8 inches
per mimute, Average drilling torques in the model were
3«5 foot~-pounds, with peaks to 10 foot-pounds, Total

- power required to drill and case each hole varied from
4-6 ampere-hours, Core recovery varied from 40-60%,

3) The conglomerate with dense basalt block (0,15 meters)
drilled at a penetration rate of approximately 120 inches
per minute except when the dense basalt block was
- encountered, at which time the rate slowed to 1 inch
per mimute, Average drilling torques in the model were
3~6 footwpounds, with peaks to 11 foot~pounds, Total
power requlred to drill and case each hole varied from
3-5 ampere~hours., Core recovery varied from 40-507%,

12.4 Test Results Summary - Fiecld Tests = Two series of field tests (24)
were conducted to acquire drilling experience in possible lunar surface
similation models of unknown subsurface characteristics. These tests were
performed In the Shoshone, Death Valley, and Bakersfield areas of California,

The Shoshone sites, as illustrated in Figure 11I=-25, provided
drilling experience in both cobblestone-size, and fine clay-size materials,
The ALSD was capable of drilling to the full 3-meter depth in these materials
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Figure III~25 ALSD Field Tests-Shoshone, California
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with penetration rates varying from 1l to 30 inches per minute, The core
recovery in these field models was significantly higher than in the MMC
models fllustrated in Figure III-24, and ranged from approximately 90

to 100%, The Death Valley drilling model was similar to the MC conglomerate

model, and the core recovery averaged approximately 55% of the linear hole
depth,

The major problem encountered during the Shoshone and Death
Valley tests was with the hole casing tip, which, at that time, had not
been perfected, The casing tip used during those tests was similar- to
configuration number 1 of Figure III-.9, which did not have the subsurface
penetration capability of the final configuration illustrated in Figure III-10,
The final casing tip configuration used durinz the Bakersfield test pre-
sented no subsurface penetration problem,

An additional problem, caused by excessive moisture content at
the lower hole depths, resulted in excessive casing string torques which
caused a jamming of the power head. This was considered as an "earth
drilling” problem which should not be encountered on the lunar surface.
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13.1,
consideration during design of the ALSD system,
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SPACESUITED SUBJECT OPERABILITY

Scope -~ The man/machine interface problems received a major

In addition to Contractor-

conducted operability tests, many comments, originating from NASA Flight
Crew Operations Office testing including 1/6-G trajectory KC-135 tests,
were evaluated and mutually resolved through hardware and procedural

changes,

The final design approach necessarily resulted from trade-offs

between space~suited subject operability considerations and the practical
limitations of weight and volume gllocations for the ALSD system aboard
the LM spacecraft,

procedural changes, or a combination of both,

13.2

Throughout the performance of the ALSD development test prcgraﬁ
concurrent evaluations of man/machine interface problems were conducted.
These evaluations often resulted in equipment modifications, operatin°

Test Results Summary - A delineation of ALSD operability problem

areas and gubsequent equipment modifications incorporated to correct the
problem area is presented below:

Spacesuited Subiect Operability Problem

1)

2)

3)

4)

5)

ALSD package in stowed configuration
difficult to tramsport

Eight core bit extension tubes (trans-

ported to the lunar surface in the
ALSRC) difficult to transport from LM
to drill site

Dzus~typz fasteners time consuming
to manipulate with wrench during
assembly of the ALSD from stowage
mode to operating mode,

Power head housing may exceed + 250°F,

resulting in astronaut discomfort
1f accidently contdcted for a sig-
nificant period of time

Power head/battery assembly difficult
to retrieve from aurface

III-55

Corrective Action

Added carrying handle (Ref,
Fig, I=1)

Added capability for double
stacking the hole casings in
the ALSD rack to provide stows
age space for extension tubes
during lunar transport (Ref,
Fig., I~l, I-4)

Incorporated hand-operated cam~
locs and lanyard actuated pull
ping to replace Dzus~type fas-
teners (Ref, Fig, I~-3)

Protective thermal guard in-
corporated (Ref, Fig, I~3, I~4)

Pickup lanyard incorporated
(Ref, Fig, I-4)
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8)

9)

10)

11)
12)
13)
14)

15)
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Diffleult to detect rotztion of
power head output spindle

W ntrel lever diffiealt to
'Late at all ALSD operating
g

el
y switch not poesitive under all
operating condltions

Attachment of handle and swiltch
actuator assembly to battery
tilme consumlng with wrench-
operated locking pin

Spacesuited subject tends to drop
power head/battery assewbly when
grasping handle with one hand

ALSD restraint system (2 anchor
ping, reel and cable assembly
with support post) difficult
and time consuming to operate
by a spacesulted subject

Footwgctuated, drill string lock
on treadle difficult to operate

Treadle difficult to retrieve
from the surface

Rack assembly stability marginal

Deployment of rack assembly legs
time consuming

Core bit extension tubes and
hole casing sections removal
from rack assembly difficult
due to flute hang-up in bulk-
head stowage holes

IIZ.56

Handle aaé switch actuator asseubly
owe

htss power control lever safe-

Alrerpate black and white vertical
stripes Incorporated on spindle
(Ref, Fig, I-4)

Incorporated dual actuating switch
collars (Ref, Fig, I-4) vhich pro=
vide constant profile at all
operating heights3 design includes
positive fail-safe operation

Incorporated spring~loaded, self-
locking pin

Incorperated flares on both ends

of handle and switch actuator
assembly to provide a more positive
hand grip (Ref, Fig, I-4)

Restraint system deleted with little
degradation of drilling efficiency
in the updated lunar surface simula-
tlon models

Incorporated a semi-gutomatic lock
requiring no foot operations

Incorporated retrieval lanyard
(Ref, Fig. I-4)

Incorporated tripod configuration

to improve stability (Ref, Fig, I=4)

Incorporated spring-loaded, automatically

deployable legs

Incorporated chamfers on the lower side

of all bulkhead holes



16) Spanner-typs wrench asgsembly Inzorporated self-locking jaws
difficult to sngage wiilhh wating whateh will engage the extension
extension tube holes . tubes at any locatlion (Ref, Fig, I-3)

17) Spacesuited subject tendz to Incorporated flare on wrench handle
drop wrench o provide 3 more positive hand

grip (Ref, Fig, I«3)

18) Detection of drill joints was Coleor coding bands were incorporated
difficult in spacesuit at extension tube joints

As a result of these and other changes to the ALSD, the teokal
mimber of components requiring handling by the spacesuited subject has been
reduced by eleven items with a corresponding decrease in operational com~
plexity., These items included: 1) Resl and cable assembly, 2) Reel and
cable assembly support post, 3) Debris deflector, 4) Treadle extension,

5) Hole easinz~to=-power head restraining lock, 6) Vertical indicator,
7) Two rack support members, 8) Two anchor pins, and 9) The drill string
guide,

One of the major operational problems encountered early in the
development test program was deployment of the relatively small and com-
pact ALSD package into its operaticnal mode, Although surface level
assembly can be acecomplished as illustrated im Figure ITI-26, use of a work
platform such as the ALHT carrier illustrated in Figure IIIL-27 iz pre~
ferable, The latter technique has been incorperated in the final ALSD

lunar surface oparating precedures,

Another pogsible problem ares which has been identiflied during.
- NASA KC~135 1/6-G tests is the difficulty in casing to the minimum allow=-
able handle height of 24 inches as illustrated in Figure III-28, This
difficulty can be alleviated somewhat by placing ome leg behind the other
80 as to reduce the total foree required for bending the spacesuit,

Detailed operating procedures (2) were developed for the ALSD.
throughout the development test program and minor chenges were incorporated
during the performance of the qualification test program, In additrien,
contingency instructions were developed as a guide for the ALSD astronaut-
operator in the event that a problem should develop; i,e., accidental
dropping of a hole casing section, difficulty in disemgaging the power
head from the drill string, etc,
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Figure I1I-26 ALSD Assembly-Surface Level
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Figure I1I-27 ALSD Assembly with ALHT Carrier
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Figure III-28 ALSD Drilling under Similated 1/6-G Conditions
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14,0 ATTERY PRE~QUALIFICATION TESTS

14,1 Sgope - A series of
contractor to verify that the
performing properly afrer s

tests (13} was performed by the battery
f
uhie
environments., Thess tests were
£
8

p

ghit battery subsystem was capzble of

on to specified mechanical and thermal
nducted prlor te Integration of the
battery into the ALAD for the final evstem-level qualification tests
acucribad in Section IV of thi .

Several problems were encountered during these tests which
required modiflcations to both the battery cells and battery case before
completion of the program, A zotal of ten batterles were utilized dur-
ing this program as summarized below,

14,2 Temperature Test Results Summary - The initial group of
temperature-test batteries (2 units) was subjected to the following
environmental profile:

Time Temperature Activity
9 days 90°F Activated stand
6 days 100°F Activated stand
40 min. 100°F Discharge at normal 18,75 amp rate

During the elevated temperature discharge test both batteries
delivered a total power output in excess of that requlired by specification.
However, the high temperatures experlenced by the inner most silver-zine
cells were above the softening temperature of the case material (Bakelire
C-1l). Several cell top~to-cell case leaks developed resulting in 2
significant expulsion of electrolyte from the cells into the velds of the
battery case, Although this electrolyte leakage did not affect the
battery performance, 1tg presence was considered undegirable., A new cell
case material (Cycolac X~27) with a softening temperature of 225°F was
employed for all subsequent flight batteries,

The final temperature test in thils series was performed on a
battery which had previously been snbjected to the mechanical (vibration,
shock, acceleration) environmental tests. This battery, with Cycolac X~-27
cell cases, was subjected to an amblent temperature of 100°F for five
days, and subsequently discharged at that temperature, Structural integrity
of the cell cases was not degraded during this test, although the intermal
battery temperature reached approximately 190°F, The battery assembly
delivered a total power output in excess of that required by specification,

LIZagl
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14.3 Vibration Test Results Summary = The initial vibration environ-
mental test levels required for the ALSD batteries consisted of the
following:

Sinusoidal Viﬂration Frequency Level
5-22 cps 0.4 inch double amplitude
22-100 cps 10g constant

Two increasing/decreasing frequency sweeps at a rate of
1 octave/min. in each of three perpendicular axes,

Random Vibration Frequency Power Spectral Density (g%/qpal
10~-50 cps ‘ 6 db/octave increase
50-1000 cps 1.0
1000~2000 cps 12 db/octave decrease

12,5 mimites 1In each of three perpendicular axes.

The vibration levels indicated above were subgequently revised to those
tabulated in Section IV, paragraph 2.0.

A total of eight batteries were tested during this series. As
a result of several failures (predominately weld cracks and internmal cell
wiring breakages) the following major modifications were sequentially
incorporated into the ALSD flight battery:

1) The cell interconnect wires between the internal plates
and cell terminals were potted to preclude breakage,

2) The cells within the battery case were cemented together
concurrently with their installation to preclude individual
movement when subjected to vibration or shock environments.

3) The resultant cell block from item (2) was restrained from
movement by use of potting plugs molded into each of the
four corners of the battery below the 1id mounting f£lange,

4) The battery case bottom was increased in thickness and
an external stiffener was added to increase structural
rigidity.

5) The battery case weld joints were redesigned for improved
gtructural integrity.
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After incorporation of all modifications, the final pre~qual’fication
test battery successfully passed the vibration testg with no degradation
of pressure or structural integrity. New batteries consisting of the
final modificatlions were subsequently employed for the ALSD gystem level
qualification test program desgcribed in Section IV,

14,4 Shock Tegt Regults Summarvy - The shock environmental test levels
required for the battery assemblies consisted of four, 50g sawtoeth shock
pulses of 11 milliseconds duration, applied in both directions of three
mitually perpendicular axes.

There were no significant problems encountered during the
shock tests performed on the various battery assemblies, The final
configuration battery which successfully passed the vibration test also
passed the shock test without difficulty,

14.5 Acceleration Tegt Results Summary -~ The initial acceleration
environment requirement for the battery ceonsisted of the application of

6 g's in both directions of three mutually perpendicular axes for a dura-
tion of 280 seconds for each test, This acceleration level was subsequently
increased to 14 g's, and the exposure time reduced to 60 seconds,

The.initial 6~g tests presented no problems for the battery,
but the subsequent 14-g tests resulted in trace quantities of electrolyte
leakage through the cell vent valves. Although this minor leakage did’
not affect battery electrical performance or structural integrity,
electrolyte trap assemblies consisting of cellulosic asponges were de-
signed and Incorporated to encapsulate each of the 16 cell vent valves
g0 that any leakage electrolyte would be contalned within the sgponges,

Subsequent to the acceleration tests conducted during this
series, an additional modification was incorporated to elimipate electro-
lyte leakage, This modification, consisting of a reduction of electrolyte
quantity in each cell, iIs described in Section IV, paragraph 9.0.
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IV, QUALIFICATION TEST PROGRAM

1.0 INTRODUCTION

A qualifiecation test program was performed on the ALSD to prove
its capabllity of withstanding the specified major translumar and lunar
surface enviromments with the system in a non-operating mode. Subsequently,
the system was tested for its capability of operating in the thermal-
vacuum environment of the lunar surface followed by an operatiomal drilling
test by a spacesuited subject in each of the three lunar surface simulation

models,

The details of the qualification test program are presenﬁed in
References 5 through 14, A summary of these tests and corrective actions
taken are reported in the following paragraphs,

Iv-1
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2.0 SINUSOIDAL AND RANDOM VIBRATION

2.1 Test Requirements - The sinusoidal vibration test (5) consisted
of subjecting the ALSD assembly (stowage mode) to one sweep with increas-
ing (5 to 100 cps) and decreasing (100 to 5 cps) frequency at a rate of

1 octave per minute in each axls at the following levels:

Axis Frequency
X 5- 19 cps
19-100 cps
YL 5. 17 eps
17-100 cps
ZL Same as YL

Level

325 inch double amplitude
0+ 0.5 g's 0 to peak

0. 325 inch double amplitude
5.0 + 0,5 g's O to peak

Note: Standard 1M axes system used for application of vibration,
shock, and acceleration environments. are XL’ YL, ZL'

The random vibration test consisted of subjecting the ALSD
assembly (stowage mode) to a minimum of 5 minutes of random vibration

in each of the XL’ YL and ZL

Frequency
23~ 58 cps
58-102 cps
102~150 cps

150-2000 cps

axes with the follewing spectral levels:

Power Spectral Densitz_(g%/qu)

0,167
5.5 db/octave increase
0.45

6 db/octave decrease

10,2 +1 @G overall
- rms

The ALSD vibration test setup is shown in Figure IV-1, A test
fixture was fabricated which duplicated the LM-ALSEP restraint points
for the ALSD., Both the power head and battery assembly were pressurized

Iy- 2



£~AT

Figure IV-1

ALSD Vibration Test Setup
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during the tests., Satisfactory performance of the ALSD was predicated
upon visual inspections, satisfactory deployment, pressure integrity,
and power head operation. A fipal test, consisting of measurement of
total battery capacity, was performed after completion of all mechanical
environmental tests, ' '

2,2 . Test Results Summary - As a result of minor failures encountered
during the vibration. tests, the following modifications were incorporated
in the ALSD:

1) The wrench, and handle and switch actuator assembly stowage
clips located on the rack assembly were redesigned with
a higher spring constant to preclude loosening of the tools
during vibration, /

2) The lanyard pull pin which restrains the rack assembly leg
to the treadle was lengthened to preclude disengsgement
during vibration,

3) The hollow, rack-to-treadle support tube was redesigned
as an integral, solid element to preclude shearing,

4) The drill strimg lock spridg located on the treadle was
redesigned for a longer fatigue 1life,

5) The power head support bracket mounted on the treadle was
redesigned for improved structural integrity, and its
base was increased in width to distribute the power head
loading over a wider area of the honeycomb treadle,

6) The rubber pad on the hole casing cover assembly was
removed to eliminate degradation by the hole casing sections,

7) The longitudinal power head guard tubes were recessed into
slots on the supporting bulkheads to increase the welding
area,

Another problem was identifled during the vibration test series
which was pot directly related to the externally applied vibration environ-
ment, This problem was caused by excessive, self~induced vibration of
the power head during stowage mode functional checkout, and resulted in
loss of nitrogen through the pressure relief valve due to "chattering" of
the valve poppet. This problem was not identified during previous tests
(Ref, Para, IIL,7.0) betcause the ALSD was operated in a normal drilling
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mode with an axial force on the cutput gpindle, In this condition, the
power head delivers a sigpnificant portion of its mechanical energy to

the drilling surface, and the residual energy within the power head is
insufficient to cauge the rellef valve poppet to "chatter™. Thisg problem,
and its resolution is presented below, in paragraphs 7.0 and 8.0,

Other than the problem described above, the equipment modifica-
tions to the ALSD permitted successful completion of the sinuseidal and
random vibration tests, All modifications were tested through the
complete spectra of paragraph 2,1, above.
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3.0 ACCELERATION

3.1 Test Requirements - The aceceleration test (5) consisted of
subjecting the ALSD assembly (stowage mode) to a steady state accelera-
tion in each direction of the XIE s %L, axes, The acceleration was
applied for a wminimum of 1 minute a% &4.1-13 level.

The ALSD acceleration test setup is shown in Figure IVa-2,
Satigsfactory performance of the ALSD was predicated upon visual inspections,
satisfactory deployment, pressure integrity, and power head operation.

3.2 Test Results Summary - The ALSD successfully passed the accel-
eration tests with no equipment malfunctioms,
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4.0 SHOCK

4,1 Test Requirements - The shock test (5) consisted of subjecting
the ALSD assembly (stowage mode) to one saw-tooth shock pulse in each
direction of the s Y.y ZL axes, The shock pulse had a minimum amplitude
of 19 G's and time duration of 11 milliseconds. .

The ALSD shock test setup is shown in Figure IV-3, Satisfactory
performance of the ALSD was predicated upon visual inspections, satisfactory
deployment, pressure integrity, and power head operation.

: A final two-step test was performed on the battery assembly to
assure that it completely met design requirements after subjection to
the vibration, acceleration, and shock tests, These tests consisted of:
1) A room ambient discharge test to verify total output capacity, and -
2) Recharge of the battery followed by the drilling of two, 3-meter holes
in conglomerate with a 0,75 meter block of vesicular basalt, and two,
3~-meter holes in pure conglomerate to simulate the casing operatien power
requirement,

4,2 Test Results Summary - The ALSD successfully passed the shock
tests with no equipment malfunctions.

The battery was discharged at an 18.75 ampere rate to an end
voltage of 21.0 VDC during a period of 40,15 mimutes. This battery,
which had been activated for 24 days and partially discharged during
functional operation of the power head surpassed the specification re~
quirements. :

The battery was subsequently recharged and used to drill the

required four, 3-meter holes in the lunar surface simulation meodels, thus
meeting the required specifications.
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Figure IV-3  ALSD Shock Test Setup



ER 14778
5.0 ELECTROMAGNETIC INTERFERENCE

5.1 Test Requirements - The EMIL test (7) consisted of measuring the
radiated output of the ALSD power head in accordance with the Class I
ungrounded requirements of MIL-I-~26600, Conducted and susceptibility EMIL
tests were not required. Figure IV=4 shows the equipment setup used

for these tests.

5.2 Test Results Summary - The Initial geries of radiated inter-
ference measurements resulted in above tolerance readlngs at several
frequencies, Investigatlon of the problem revealed that the major cause
was a high resistance path between the power head output spindle and the
housing through the spring-loaded, EMI button system, The spring-loaded
button rides against the rotating spindle and conducts mechanically
generated electricity to the tool housing., The high resistance problem was
. corrected by: 1) Increasing the suppression button spring pressure,

2) Increasing the contact area and tightness of the fit of the spring

in its housing seat, and 3) Changing the suppression button material
from molybdenum to copper, '

Incorporation of the above listed changes resulted in the
power head successfully passing the EMI specification requirements.

Iv-10
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V-1l

e IV-4 ALSD Electromagnetic Interference Test Setup

Figur
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6.0 THERMAL VACUUM

6,1 Test Requirements - The ALSD thermal vacuum test (6) was con~
ducted in several phases to simulate low and high temperature conditions
during both tramsit to the moon's surface and during operation on the
surface after landing of the IM spacecraft, A brief description of these
test phases follows:

Tést‘ Thermal-Vacuum Condition Time (hrs,)
1)  Tranmsit (High Temp,) SEQ Simmlator (@ 100°F & 1 x 10.“4 20
mn Hg _
14) Touchdown (High Temp.) SEQ Simulator @ 160°F & 1 x 10’-4 15
mm Hg
2) Transit (Low Temp.) SEQ Simmlator @ 30°F & 1 x 10-.4 20
: mm Hg
24) Touchdown (Low Temp, ) SEQ Similator @ 20°F & 1 x 10'"4 15
: mm Hg
3) Lunar Surface (Low Solar Simulator @ 47°, lunar surface 10
Temp, ) similator @ -47°F, & 1 x 10~ mm Hg
4) Lunar Surface (High Solar Simulator@® £45°, lunar sur- 10
Temp. ) face simulator /@ 188°F, & 1 x 10~°
' mm Hg
4A) ILunar Surface (Low Adjust chamber walls for min, battery 3
Temp, Operational) temp, from test (3) & 1 x 100 mm Hg
48) Lunar Surface (High Solar Simulator /@ £45°, lunmar sur- =X 2
Temp, Operational) face similator @ 188°F, & 1 x 10~7
mm Hg

The thermal vacuum test control panel and miscellaneous equipment
is shown in Figures IV-5 and IV-6, Figure IV~7 illustrates the ALSD mounted
in the SEQ simulator (top removed) for the translunar portion of the test
~simlation, The simulator possessed an emisgsivity equivalent to the space-
craft SEQ, and its wall temperature could be controlled over the required
temperature range of 20 to 160°F by a combination of heat exchange to the
chamber cold wall and an integral strip heater system,

The lunar surface simulator shown iu Figure IV-8 was designed
using accepted techniques for simulating the infinite plane of the lunar
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Figure IV~-5 ALSD Thermal-Vacuum Test Control Panel
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ALSD Thermal-Vacuum Test Equipment
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ALSD/SEQ Simulator
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Figure IV~
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Iv-16

ALSD Operational Mode on Lunar Surface Simulator

Figure IV-8
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surface with a finite-size, rimmed plate., Temperature control of the
silmilator could be varied over the required range of ~47 to -+ 188°F by
means of strip heaters and heat exchange with the chamber cold walls

in a manner similar to that described for the SEQ simulator. In the
non~operating test modes the ALSD was oriented with the battery and handle
against the lunar surface simulator, and the entire assembly was positioned
at £7° or ¢45° relative to the solar simulation light source to simlate
the minimum and maximum lunar sun angles. In the operating test mode the
- ALSD was oriented as shown in Figure IV-8, A load simulator consisting

of a spring-loaded thrust bearing was incorporated on the bottom side of
the lupar simulator to simulate a typlcal drilling load.

Tests 1, 1A, 2, and 2A consisted primarily of temperature
measurements of the battery (internal and external), operating handle,
thermal guard, and power head housing. Internal battery and power head
pressure levels were also monitored to assure seal iIntegrity in the
vacuum environment; Tests 3 and 4 were performed to determine minimum
and maximum temperatures experienced by the non-operating system resulting
from low and high sun angles on the lunar surface. Test 4A was conducted
to verlfy that the battery/power head assembly would start under the mini-
mum low temperature condition, and test 4B verified that the system would
operate for a typical 40 mimute drilling mission under maximum temperature
conditions,

The major criteria for success during this test were: 1) The
ALSD power head and battery would operate under minimum temperature
conditions, 2) The power head and battery would operate for the complete
similated lunar drilling mission under maximum femperature conditions
thus proving the capability of the passive ECS systems, and 3) The power
head thermal guard and handle would not exceed + 250°F,

The pressure relief valve poppet chattering problem described
in paragraph 2,2 was corrected during this test by the use of a threaded,
locking cap mounted comcentrically with the valve body. ' During the transit
to lunar surface portion of the test, the locking cap remained in the un-
locked position, thus permitting normal operatlon of the valve. During
the lunar surface operation phase the cap was locked against the poppet
which precluded chattering, resulting from power head operation. In this
mode of operation the internal pressure would rise pr0portional to the
internal power head temperature.

6.2 Test Results Summary - The ALSD was subjected to the 8-phase

test outlined In paragraph 6.1. The power head/battery assembly operated
without difficulty during the low temperature and high temperature simulated
lunar enviromment tests. However, three gignificant problem areas occurred
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which required subsequent correction and retests

1

2)

3)

The power head thermal guard experienced a maximum
temperature of 263,7°F (250°F max. allowable) near the
end of the simulated, 2-hole lunar drilling mission under
the maximum initial temperature and sun angle conditions,

The power head dynamic bellows seal failed after approxi~
mately 4 minutes of operation during the simulated lunar
drilling mission, thus resulting in loss of all appreciable
internal pregssure., However, the power head continued to
operate throughout the remaining 36 minutes of power-on
time Iin spite of the loss of pressurization. Fallure of
the dynamic seal was later attributed to improper installa~
tion.

Inspection of the battery indicated a minor expulsion of
electrolyte from some of the cells which resulted in the
creation of a high resistance voltage path to the magnesium
case. The battery delivered the required total power
capacity in spite of this anomoly.

In view of the problems described above, the following equipment
modifications and additional test planning were pursuedg

)

2)

3)

Additional thermal insulating washers were incorporated
between the power head guard and the mounting bulkheads
to reduce heat conduction in an effort to reduce the
maximum temperature below 250°F,

A series of tests was planned to investigate the possible
elimingtion of the relief wvalve locking cap and to verify
the effectiveness of the thermal guard modification.

A series of tests was planned to investigate the possible
reduction of electrolyte quantity in each battery cell

as a means of eliminating electrolyte expulsion during
elevated temperature operation,
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7.0 AUXILIARY POWER HEEAD VACUUM TEST

7.1 Test Requirements - This test (9) was conducted to deitermine
the minimm pressure level which would be experienced by trhe power head
resulting from "unloaded” spindle operation in a vacuum environment with-
out the locking cap, The vacuum test setup was simlilar to that shown

in Figure III-17, except the power head was mounted with the spindle
polnting upward without the drilling load similator. The pressure rellef
valve was adjusted for a cracking pressure of 15 + 1 psi, and the power
head was operated in the vacuum range of 1 x 103 to 5 x 104 mm Hg at

a duty cycle of 15 seconds on, 45 seconds off.

b
5

7.2 Test Results Summary - The power head rapldly lost pressure
from its starting point of 27.8 in. Hg during the first 1-2 minutes of
power on time as a result of relief valve poppet "chattering”. Subse-

quently, the rate of decline decreased, and the test was terminated
after a total elapsed time of 55 minutes. The end-of-test power head
internal pressure was 1.1 in. Hg,

The information attained from this test was used fo establish
the initial power head pressure for performance of the subsequent

thermal-vacuum test,
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8.0 AUXILIARY POWER HEAD THERMAL VACUUM TEST

8.1 Test Requirements - This test (1l1) was performed to determine

if the power head would operate satisfactorily at the reduced intermal
pressurization level determined from the previous test. The major advankage
to be gained from successful operation was that the astronaut task of clos-
ing a power head relief wvalve locking cap on the lunar surface would be
eliminated., A secondary purpose of thils test was to assure that the
additional thermal insulation washers would be sufficient to preclude the
power head thermal guard temperature from exceeding the allowable 250°F,

The test was performed similar to Test 4B, described in para-
graph 6,1, The solar simulator was used to establish the initial power
head starting temperature of 154°F, which was the maximim experienced by
the control thermocouple during the previous Test 4, Internal power head
pressure was initially set to approximately 1 in. Hg., by means of an
external bleed valve; the pressure relief valve spring was previously ad-
justed for a normal cracking pressure of 15 + 1 psi, Since this test in-
volved only the power head, power was Supplied from an external source
in lieu of the ALSD battery ugsed in the previous thermal vacuum test,

After establishing the initial power head temperature and
internal pressure, the operational test was performed in a manner identi-
cal to that described by Test 4B of paragraph 6.1.

8.2 Test Results Summary - A summary of the test results isg shown
in Figure IV~9, The power head pressure, initially adjusted for approxi-
mately 1 in. Hg. prior to start of the operational test, ilncreased
linearly to approximately 11 in., Hg., at the end of the 66 minute test.
This pressure increase was attributed to the combination of unavoidable
traces of molsture and lubricant vapors within the power head, The maxi-
mum temperature experienced by the thermal guard during this test was
234,5°F, which was well below the maximum allowable 250°F,

As a result of the tests deseribed in parégraphs 6.0, 7.0 and
8.0, the ALSD power head was proven capable of meeting the thermal-vacuum
requirements of transit and lunar surface operation.
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9.0 BATTERY ELECTROLYTE LEAKAGE ELIMINATION

9.1 Test Requirements - This test (14) consisted of two phases:

1) Phase I was conducted to determine the minimum quantity of electrolyte
which could be used in the ALSD flight battery cells without degradation
of electrical performance characteristics, and 2) Phage II consisted of
a modified requalification test to verify that battery cell electrolyte
expulsion would not occur during elevated temperature operation in a
vacuum environment,

After determining that 17 cec's of electrolyte should be employed in
each silver~zinc cell, the flight-type battery was subjected to the follow-
ing tests: '

1) Acceleration - The battery was accelerated in the direction
of the cell vent valves at a level of 14 + lg for 60
seconds,

2)  Thermal Vacuum Storage - The battery was subjected to a
non-opérating storage test at an ambient temperature of
100°F for four days followed by a 4-hour near vacuum
exposure at 0 2 psia.

3) Thermal Vacuum Discharge - The battery temperature was
adjusted to 100°F and subsequently discharged in a near
vacuum environment at an 18,75 ampere rate with a duty
cycle of 5 minutes on and 1 minute off,

The criteria for success of the three tests was that there
be no evidence of significant electrolyte expulsion and that no measur-
able electrical potential exist on the battery case,

9.2 Test Results Summary ~ Visual inspection and electrical measure-
ments of the battery following each of the tests revealed that no electro-
lyte was expelled. The final thermal vacuum discharge of the battery,
which had been activated for 15 days, resulted in a 14,0 ampere-hour
output capacity., This output was approximately 8% greater than specifica~
tion requirements, : :

As a result of these tests, the ALSD was proven capable of
meeting the transit and lunar surface thermal-vacuum environments.
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10,0 DRILLING AND CASING

10.1 . Test Requirements ~ The ALSD drilling and casing tests (8)
consisted of two gemeral categories: 1) Verify the ALSD drilling pene-
tration rate and coring capability in four (4) consolidated rock models,
and 2) Verify that a spacesulted subject can physically drill and case
3~meter holes in the various lunar surface similstion modeis. Specific
requirements of the tests included the following:

1) Demonstrate that the ALSD 1s capable of drilling each
of the following rock specimens with a single core bit
at the required penetration rates and percentage of core

recovery:
Rock Specimen Accumilated Pepetration Core
Specimen Temperature Drilling Depth Rate Recovery
437 Porosity Basalt Room 100 in, 4 in,/Min, 95%
437% Porosity Basalt ~58°F 20 im, 4 in,/Min, 95%
Pumice Room 240 in, 6C in,/Min. 54%
Dense Basalt . ' Room 20 in, 0,8 in./Min, 95%

2) Verify that a spacesuited subject can physically drill and
case two, 3-meter holes in each of three lunar surface
models in a maximum of 66.4 minutes for each model,

3) Verify that a spacesuited subject can provide the torque
and thrust requirements necessary for drilling under a
1/6~CG gravitational environment.

4) Verify that the ALSD equipment, inclusive of the self-
contained battery power source, is capable of drilling
and casing two 3-meter holes in each of the three lunar
‘surface simulation models,

5) Verify that the ALSD is capable of recovering core material
equivalent to at least 40 percent of the linear drilled .
depth from the second 3-meter hole in each of the three
Iunar surface simulation models, and that the largest
plece of consolidated core will be at least one inch In
length.
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6) Verify that the emplaced casing in each of the lunar
surface similation models is within + 15 degrees of the
local vertical, and is of sufficlent straightness so
that a 22-inch probe, O, 75~inch minimum diameter, will
pass freely to the bottom of the hole.

10,2 Test Results Summary (Shirtsleeve Subject) ~ A tabulatlon of

the consolidated rock model drilling test results is presented in Table
IV-~1l, These models were drilled by a shirtsleeved operator, using the
weight of the drill to provide the axial thrust. Drilling rate in the
vesicular basalt at room temperature (7.2 in./min,) as compared to the

low rock temperature test (4,7 in./min.) is attributed to the variation
of sample drillability and not to the low temperature effects, An ambient
room temperature test of the same specimen used for the low temperature
test resulted in approximately the same penetration rate.

The vesicular basalt calculated core recovery of 106% is
attributed to the presence of volds in the drill string between frag-
mented core sections. It Is estimated that the true recovery was approx-
imately 96~98%, based upon the quantity of material remaining in the
hole after drill string withdrawal,

In general, the major drilling requirements (penetration rates,
core recovery, length of consolidated core sectlions) were surpassed dur-
ing the tests. The new bit which was employed for each of the four tests
survived the drilling environment, and was still operating at the con-
clusion of each test with deterioration varylng from nil in the pumice
model to moderate in the vesicular basalt models,

10.3 Test Results Summary (Spacesuited Subject) -~ The initial space=-
suited subject tests were performed using the test setup shown in Figure
III~-28. During these tests both the subject and drill were counterbalanced
to 1/6~G during the actual drilling portions of the simulated mission to
assure that the subject could provide the necessary torque and axial
restralnts to the ALSD, Subsequent tests were performed without the

1/6~G similators to attain better task time data without the interruptiomns
of coupling/decoupling the similators.

The 3-meter drilling and casing requirements for each of the
three lunar surface simulation models included the following major tasks:
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Consolidated Rock Model Drilling Test Results

Table IV-1

Ves. Bagalt (Amwbient)| Ves. Basalt (Low Temp) Dense Basalt Pumice

Parameter Req’t, Actual Req't, Actual Req’t, Actual | Req't. | Actual
Total Drilling Depth (In,) 100 108.6(1) 20 9(2> 20 20.4(3) 246 243,5(4)
Total Core Recovery (In.) N/A 115.2 N/A 26.9 N/A 20,2 N/A 138.8
Total Drilling Time (Min,) N/A 15,2 N/A -5.95 N/A 14.1 N/A 1.7
Cale, Drilling Rate (In./Min.)| 4.0 7.2 4,0 4,7 0.8 1.4 60 142
Cale, Core Recovery (%) G5 106 95 %6.4 S5 99 54 57
Lengith of Longest Core (In,) 1.0 1.9 1,0 1,75 1.0 8.0 1.0 1.9
Rock Temperature (°F) Room Room ~3845 ~56 Room Room Room " Room

N TS ~vre

Notass (1)

Sequentially drilled 8 holes, 12-14 inches per hole, in a 15-inch slab of vesicular basalt.

(2) Sequentially drilled 3 holes, 8-10 inches per hole, In a 12-inch slab of vesicular basalt

placed in a low temperature chamber,

(3) Drilled a single hole in a 2l-inch slab of dense basalt.

(4) Sequentially drilled two, lO-foot holes in pumice model.
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8)

Note:

Ma jor Task

Post Landing Preparation
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Dgscription

Similate removal of ALSD from ALSEP,
Stack hole casings and drill strings
(simulated retrieval from ALSRC) in

ALSD rack, Stow caps and stowage racks
(simlated retrieval from ALSRC) on ALHT,

Deployment (First Hole Site) Disassembly of ALSD from stowage mode,

First Hole Drilling

First Hole Withdrawal
First Hole Encasement
Second Eole Drilling

Second Hole Withdrawal

Second Hole Encasement

attach operation handle, erect rack,
emplace treadle, prepare to drill first
hole,

Drill and sequentially add exﬁension tubes.

Perform preparatqry tasks for casing hole,
withdraw drill string from hole.

Sequentially power drive hole casings,
decouple and stow extension tubes.

Discard first hole core, drill and se=-
quentially add extension tubes.

Perform preparatory tasks for casing
hole, withdraw drill string from hole.

Sequentially power drive hole casingsj
decouple, cap and stow individual exten~
slion tubes with second hole core.

See References 2 and 8 for detail delineation of major tasks,

A portion of these tasks are shown in Figures IV-10 through IV-14,
Task ltems 2 through 8 had to Be accomplished within 66.4 minutes for each
of the three lunar surface similation models.

During performance of the spacesulted subject drilling and casing
tests several problems occurred which required equipment and/or procedural
modifications, The major equipment modifications included the following:

1)  The power head

thermal guard was redesigned with softer

grade stainless steel tubing to preclude fatigue failure
resulting from drilling vibrations,
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‘ Figure IV-10  ALSD Transport Mode
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Figure IV-1l ALSD First Hole Deployment
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Figure IV-12  ALSD Casing Operation
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Figure IV~-13 ALSD Drill String Withdrawal
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Figure IV~14  ALSD Drill String Decoupling
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2)  The handle~to-battery fixed locking pin was redesigned
as a solid machined fitting (in lieu of welded assembly)
to reduce the possibility of failures resulting from
droppage cof the battery/power head/handle assembly,

3) The drill string treadle lock mechanical spring was
replaced with a molded, silicon rubber boot to preclude
temporary jamming caused by rock cuttings entering the
lock cavity.

4)  The casing tip was redesigned to the configuration illustrated
in Figure T1I-10 to lmprove the reliability of penetration
through back-filled, predrilled holes in consolidated rock.

5) The casing-to-power head adapter was redesigned to the
conflguration f{llustrated in Figure III-10 to attain opti-
mum torque transmission and quick release characteristics.

The major procedural change developed during the qualification
test program was the decoupling of the drill string after its withdrawal
from the hole using the wrench and treadle lock as illustrated in Figure
IV~-14, This technique was preferred over the previous procedure of de=~"
coupling sequentially while withdrawing the drill string because: 1) The
subgurface hole disturbance was minimized, thus increasing hole recovery
for the casing operation, and 2) The task of decoupling extension tubes
was more difficult at the relatively low levels required concurrent with
withdrawal compared to the Figure IV-14 technique,

A tabulation of the final spacesuited subject test results for
the three lunar surface simulation models is presented belows

Congl. +V.B.  Conmgl. + V.B, Congl. + D.B,

Parameter Requirement Chunks Block ___Block
Mission Time 66.4 Min. 46.1 Min, 59.4 Min, 57.1 Min,
(Tasks 2-8)

First Hole Verti- { 15° 2,5° » 2° '  5°
cality

First Hole Accept. Accept. Accept. Accept,
Straightuness - ‘
Second Hole Verti-  { 15° 2° 1 0°
cality

Second Hole Accept, Accept, Accept. Accept,
Straightness

Second Hole Core 407 Min, 40,1% 50.8% 32%
Recovery
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Because of the casing problems experlenced prior to design
finalization, a series of casling tests was performed to demonstrate
reliability of the final configuration. This test series involved
encasement of nine holes -~ three holes in each of the three lunar
surface simulation models by a spacesuited subject. These tests were
all successful with the exception that the casing tip sheared during
the encasement of one hole (conglomerate with vesicular basalt block)
resulting in the reduced useable hole depth of 2.6 meters. This parti-
cular problem was attributed to a chunk of rock which had separated
from the parent rock as a result of weakening from the numerous holes
which had been previously drilled.

In gummary, the drilling and casing qualificatlon test program
which resulted in several procedural and equipment modifications,
demonstrated that the final ALSD configuration is capable of performing
the two-hole drilling mission on the lunar surface,
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v, CONCLUSTONS AND RECOMMENDATTONS
10 CONCLUSTONS

The primary conclusion of this repoxrt and of the ALSD Program
is that a hand-operated lunaxr drill has been designed, fabricated, and
qualified for the purpose of drilling twe, 3-meter holes In the lunar
subsurface for the emplacement of HFE prgbes, Other subgidiary corclu-
siong which have evolved from the design and tegi phases of the drill
gystem are presented in the following paragraphs. .

1.1 Drill Operability - As evidenced by the results of the ALSD
Qualification Test Program, a single, spacesuited subject can perform

the necessary operations (2) for drilling and casing two, 3-meter holes

in the lunar surface in less than the alloted time of 66,4 minutes, Actual
migsion time depends, in part, upon the drilling characteristics of the
subgurface material, Of equal Importance In ensuring succesgful accompligh-
ment of the drilling mission In a minimum £ims period is the adequacy of

the astropaut training program, Specific recommendations for accomplishing
this objective are presented in paragraph 2.1,

1.2 Design Technology = Development of the ALSD drilling system
required unique applicatlions of a multitude of design technologles in
order to attain the desired results. Some of the major ALSD subsystems
which incorporated technologies originally developed for other applica-
tions include the following:

1) Application of metallic cladding (copper and nickel) to
the hole casing fiberglasg substrate to improve the
abrasion resistance characterisilcs of the base material,

2) Employment of eccentric cam characteristics for the
development of the semi-automstic drill string locking
device,

3) Application of state-of~the-art gear and bearing systems
combined with unique packaging techniques to minimize
welight and power inefficlencies in the power head,

4) ~ Application of magnetic saturable reactance techniques
for minimizing flux density (and motor spead) variation
with temperature over the power head operating tempergture
range,

5) Ewployment of independent rotary dynamic and lipear
bellows dynamic seals in the power hazd to provide feale
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ing of the output spindle, which requires two-~dimensional
(axial and rotary) freedom for its operation,

6) Development of a high discharge rate, high power=to-welght
ratio (40-45 watt~hours/pound) battery system inclusive
of an intermally mounted power control switch to minimize
system complexity,

7) Development of & minimum tube thickness drill string
capable of optimum percussive energy transmission cope
sigtent with the storage requirements (number of extension
tubes) and astronaut decoupling capabilities in the lunar
environment,

8) Employment of drill string dry cuttings transport system
consisting of an external helical flute capable of operation
to subsurface depths exceeding three meters,

9) Application of optimum core bit indexing principles to
- . improve the congolidated rock drilling power efficilency,

1.3 Materials and Processes ~ Development of the ALSD drilling system
also required utllization of state~of~the-art materials and processes in
order to meet the weight and operating environment requirements as delineated
below:

1) Investment-cast magnesium housings were used for the power
head to minimize welght and maximize thermal conductance
for the passive ECS,

2) The superilor strength-to-weight characteristics of titanium
were ewployed 1n the power head shock absorber system,
casing adapter and tip, and core bit extension tubes,

3) Magnesium sheat was used for construction of the battery
outer cases to minimize welght and maximize thermal con-
ductance for the passive ECS,

4) Passive ECS finighes with appropriate absorptivity and

: emisgivity characterigstics were used on the power head,
thermal guard, battery case and battery shroud to eliminate

the weight penaltles of active thermal control systems,

5) Recently developed fluerinated~teflon lubricants (oil and
grease) were employed in the sealed power head to accommodate

Ve 2
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the high temparature-high loading rca«_remcnt:o olid
f1lm lubricants were ampleved st ly=loadad m@vfny
parte of the ALSD exposed to the near vacuun environment,

6) A recently develcped, teflon-impregnaled anodize f£inisgh
was used on the extensien tube eoupling jolnts to meet
the rigid contaminafion econtrel requirewents of the ALSEC,

Other new manufgcturing processes were considered for use on
the ALSD sysgtem such as aiectroghore*ic deposition of ecarbide coatings
for the drill bits, but were subsequently rejected due to schedule reguire-
ments, Utilization of some of these procesges are dezscribed under
recomuendations for future improvements of the ALSD system,

Tu 3
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2.0 RECOMMENDATIONS

The recommendations described below may be categorized as
follows: 1) Operability and training recommendations, 2) Dasign changes
to the ALSD requiring minimal re-~qualification, 3) Product improvements
requiring more significant evaluation and test, and, 4) Advanced lunar
dri1lling mystems,

2,1 Operability and Training -

1) A permanent Instructor(s) should be selected for the
ALSD portion of the ALSEP astronzut training program,
This instructor should possess a redsonable technical
understanding of the ALSD subsystems, and should have
performed several similated drilling and casing missions
(both shirtsleeve and spacesuited) using the detailed
operating procedures provided in Reference 2. In this
manner, the experienced instructor can more efficiently
provide the candidate astronmauts with the required
training within the limited time allocated for ALSEP
training., Use of the ALSD operational f£film provided
by the contractor in conjunction with film coverage
during the astronaut performance sessions will also
serve as invaluable aids for training critiques. The ,
operatinz procedures (2) have been developed through the
parformance -of numerous simulated drilling missions, and
any major deviations should be carefully evaluated prior
to their incorporation.

2) Man/machine iunterface evaluation tests should be contimmed
with the ALSD uging both KC-135 and neutral buoyancy
1/6=G gimulation techniques. As additional modifications
are incorporated inte the spacesuits, requirements for
accompanying ALSD modifications may become apparent,
especlally in the areas of minimum and maximum reach heights,

2.2 Minimal Design Changes -

1) Investigate the possibility of deleting the thermal guard
 predicated upon updated information regarding maximum

SEQ temperature profiles, lunar sun angle extremes during
ALSD operation, probable lunar surface drilling characterise
ticg as related to ALSD power requiremenis, and temperature
capabilities of the spacesuit outer thermal garments.
Elimination of the thermal guard would result in a weight
reduction of approximately 0.5 pounds, and lmproved operability
of the system,
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Investigate the possibility of increasing the length of
the ALSD wrench handle as a meang of increasing the mini-
mum reach height required ef the astropsut during pick-up
of the rack and treadle asgemblies from the surface during
lunar operations,

Conduct tests to determine the maximum rllowable pre-
flight battery astivation time (bevond the current lleday
restriction) to provide additional Elex;bility during the
KSC operations.

Conduct tests to determine improvements (faster penetration
rates) realized when casing through back-filled holes in
conselidated rock which have been predrilled with oversized
core bits (1,125 inches), Power requirements must algo be
determined for the larger diameter core bits to ensure that
the battery capacity is not exceeded, :

Incorporate a power head modification consigting of the
addition of a shock-absorbing sleeve mounted concentrically
to the cam follower, This will reduce shock loading of

the power train system encountered during high torque
drilling or casing situations whieh will prolong component

life.

Product Improvements =

1)

2)

Conduct studies and tests to determine gn optimum configura-
tion boron~filament casing with drill bit to replace the
exigting fiberglass casings. The major advantage of the
boron material is that a simultansous drilling and casing
operation can be performed inm lieu eof the separate operations
currently required, thus substantially reducing the astromaut
task time and work load, Preliminary development tests have
been performed with boron £ilament tubes which have demon~
strated feasibility of this approach,

Conduct studies and tests to determine the feasibility of
utilizing electrophoretically depesited carbide coated

bit tips with a metal substrate in lieu of the current

solid tungsten carblide tips, Although the existing bits

have performed satisfactorlily in the dense and vesicular
basalt rock standards, other lgneous rocks such gs extremely
dense bagalt, obsldian, and abrasive veslicular basalts -can
result in more rapid deterieration of tungsten carbide through

<«
"~
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the processes of abrasion, fractures, or braze fallures,
Utilization of the coated tips would theoretically provide
the high strength characteristics of steel combined with
the hardness characteristics of carbide,

3) Conduct studies and tests to determine the feasibility
of using the ALSD as an alternate lunmar surface experiment
(in addition to HFE probe emplacement) for obtaining a
large array of core specimens, With relatively few modi-
fications (primarily deletion of components) the ALSD system
could be converted to a shallow hole (40-80 cm,) sampling
device which would not lmpose a large work load on the
astronaut operator,

4) Conduct studies and tests to determine areas where the
ALSD weight can be reducad. Primary areas of investiga-
tion include substitution of Lockalloy for titanium in
the drill string which would save approximately 1.5 pounds,
and use of a machined magnesium treadle in lieu of the
current hopneycomb assembly with welded components, which
would save approximately 0,5 pounds.

5) Fabricate a lupar surface simulation model using updated
Surveyor and Lunar Orbiter information, The model speci-
fications should be agreed upon by the scilentific community
including NASA, U, S, Geelogical Survey (Astrogeology
Branch), principal investigators, etc. The model should
provide a minimum of 4 varilations of drilling characteris-
tics, and should oceupy an area of approximately 9 square
meters with a depth of 5 meters. A working area of approxi-
mately 36 square meters at the top should be provided
in order to adequately accommodate spacesuited subject
training and related equipment. The model could be used
jointly by the drill contractor, NASA astronaut training,
and other contractors and principal Iinvestigators engaged
in lunar surface experiment work for NASA,

2.4 - Advanced Lupar Drilling Systems ~ In additlon to the specific
recomnendations submitted in support of the ALSD, consideration should be
given to Immediate continued development of drilling techmiques and equip-
ment which will ultimately be required for larger lunar drilling devices,
The ALSD represents a significant beginning for such devices, but con-
siderable development work 1s required before practical deep drilling
devices can be fabricated for use on the moon. The differences between
present-day earth drilling rigs and comparable lupar drilling devices is
analegous to the di‘fevences batween a jet plane and a spacecraft capable
of landing on the moon's surface,
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The importance of planetafy drilling gystems cannot be over-
emphasized because of the numerous geologieal and geophysical experiments
which require subsurface holes., A partial listing of potential experi-
mental measurements includes the following:
1)  Subsurface temperature 7) Acoustic velocity
-2) Thermal diffusivity 8) Mass spectrometer
3) Magnetic susceptibility 9) Neutron-gamms
4) Electrical conductivity 10) TV Probes
5) MNatural gamma 11) = Geological sampling
6) Bulk Density 12) Biological sampling
Throughout the performance of the ALSD program, various drill-
ing techniques and mechanism concepts have been suggested and discarded
for use on the ALSD system, but which could be developed on an engineering
model basis now for future implementation in planetary drilling devices,

These developments should be pursued immediately in order to meet the
future drilling requirements,
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- APPENDIX A - REFERENCES

'Mértin Marietta Report No., ER 14349P(DPR~3), Phase C Final Report/

Phase D Technical Proposal for Apollo Lunar Surface Drill, dated
August 18, 1966,

Martin Marietta Report No., ER 14756(DSM-1 & DSM-2), Familiarization
and Support Manual for Apollo Lumar Surface Drill, dated July 15, 1968,

Martin Marietta Plan No, DPL-1-1-2, Qualification Test Plan for
Apollo Lunar Surface Drill, dated 30 September 1966 and revised
10 September 1967,

Martin Marietta Report No, ER 14682(DER~-1-15), Apollo Iunar Surface
Drill Theoretical Thermal Analysis Report, dated November 1967,

Martin Marietta Report No. DQR~-3-1, Apolle Lunar Surface Drill
Qualification Test Report (Mechanical), dated January 12, 1968,

Martin Marietta Report No. DQR~3~-2, Apollo Lunar Surface Drill

- Qualification Test Report (Thermal Vacuum), dated March 20, 1968,

Martin Marietta Report No. DQR-3-3, Apollo Lunar Surface Drill
Qualification Test Report (Electromagnetic Interference), dated

March 15, 1968,

Martin Marietta Report No, DQR=3-4, Apollo Lunar Surface Drill
Qualification Test Report (Drilling and Casing), dated May 28, 1968,

Martin Marietta Report No, DQR~8-1, Apollo Lunar Surface Drill
Auxiliary Qualification Test Report (Power Head Vacuum Test),
dated March 18, 1968,

Martin Marietta Report No, DQR~8w=2, Apolle Lunar Surface Drill
Auxiliary Test Report (Power Head Thermal Vacuum.Teqts}, dated

March 29, 1968.

Martin Marietta Report No. DQR~8-3, Apolio Lunar Surface Drill
Qualification Data Verificatlon and Test Report (Mechanical), dated
April 12, 1968,

Martin Mariletta Report No, DQR~8-5, Apollo Lunar Surface Drill
Design Verification Test Report (Hold=-down Attachment), dated
6 September 1968,
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Yardney Electric Corporation Report No, 988-68, Qualificatien
Testing of the PS 940300014-003 Apollo Lunar Surface Drill
Battery, dated January 1968, ,

Yardney Electric Corporation Report Ne, 1069-68, Investigation
and Requalification Test Report for ALSD Battery Electrolyte
Leakage Elimination Tests, dated July 1968.

Informal Development Test Reports

DQR~2-1-001, Core Bit Optimization Tests -~ Detérmination of NASA
Standard Sample High Density Basalt Properties, dated 17 February 1967.

DQR«2-1-002, Core Bit Optimization Tests - Preliminary ALSD Drill
Rate Verificatfon, dated 12-15 Jamwary 1967,

DQR~2~1~003, Core Bit Optimization Tests ~ Summary of 4-Carbide
Bit Penetration Rate Tests, dated 25 Jamuary - 12 March 1967,

DQR~2~1-004, Core Bit Optimization Tests - Evaluation of Three,
Four and Five Carbide Tipped Bits, dated 16-20 March 1967,

DQR=2-1-005, Core Bit Optimization Tegts ~ Verificatiom of ALSD
Axial Bit Pressure Requirements, dated 30 March - 4 April 1967,

DQR~2~1-006, Core Bit Optimization Tests -~ Evaluatlon of Carbide
Geometries and Hardness, dated 28 April - 31 May 1967,

DQRp2~i—OO7, Core Bit Optimization Tests - Evaluation of Carbide
Geometries and Hardness, dated 17 Jume 1967, '

DQR=-2~2-001, 3-Meter Conglomerate and Pumice Model Drilling -
Penetration Rates and Core Recovery Tests, dated 7-21 August 1967.

DQR~2-2-002, Special Pumice Core Recovery Tests, dated 19 Seﬁtember -
16 October 1967,

DQR~2-2~003, ALSD Field Drilling Tests, dated 15-21 October 1967.

DQR~2~3-001, Hole Casing Sleeve Tests (Bore Hole Geometry with 5-
Carbide Bit), dated 6 October 1966,

DQR~2~3-002, Hole Casing Sleeve Tests (Bore Hole Geometry with 4-
Carbide Bit), dated 7 October 1966.
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DQR=2-3-003, Hole Casing Sleeve Tests (Split Tube Casing within
Drill String), dated 10 October 1966,

DQR~2~3~004, Hole Casing Sleeve Tests (Split Tube within Drill
String), dated 11 October 1966, :

DQR~2~3~005, Hole Casing Sleeve Tests (Conglomerate Model Hole
Recovery), dated 10 February 1967.

DQR~2~3~006, Hole Casing Sleeve Test (External Fiberglas), dated
11 February 1967,

DQR=2-3~007, Hole Casing Sleeve Test (External Metalllc), dated
13 February 1967. '

DQR~2-3-008, Hole Casing Sleeve Test (Torque Restraint Measurement) ,
dated 17 February 1967,

DQR~2-3-009, Hole Caging Sleeve Test (Internal Drill String Split
Tube), dated 18 February 1967,

DOR~2=3-010, Hole Casing Sleeve Test (Power Driven Sleeve), dated
23 February 1967,

DQR~2~3-011, Hole Casing Sleeve Test (Perforated Metallic Sleeve),
dated 24 February 1967, 4

DQR~2-3-012, Hole Casing Sleeve Test (Powered, Fluted Fiberglas),
dated 1 May ~ 29 June 1967.

DQR~2-3-013, Hole Casing Tip Optimization Tests, dated 15 September -
30 October 1967,

DQR~ 2-3-014, Hole Casing Tip Development, dated February-April 1968,
DQR~2-3-015, Hole Casing Adapter Development, dated April-May 1968,

DQR~2-3-016, Hold-Down Attachment Development Tests, dated 5«22
August 1968, .

DQR~2=4~001, Electromagnetic Interference Test (PLGT), dated
1-14 November 1966,

DQR«2~4-~002, Electromagnetic Interference Test (EML Model Power
Head), dated 25-27 Jamiary 1967.
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54,
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58.
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DQR~2~5-001, Human Factors Exploratory Tests, dated 31 May 1967,

DQR~2-5-002, ALSD Human Factors Torque/Thrust Capability Test,
dated 13-14 June 1967.

DQR~2-5~003, ALSD/EMU Operabillity Tests (ASL Spacesuit), dated
1-2 June 1967,

DQRw2=6-001, ALSD Power Head High Temperature Test, dated 20-30
December 1966,

DQR~2-6~002, ALSD Power Head Temperature Distribution at 1 ATM,
dated 7 March 1967,

DQRm2~6~003, Drill String Temperature Test (Preliminary), dated
23-24 March 1967,

DQR~2~6~004, Low Temperature Battery Performance Tests, dated
17-20 April 1967.

DQR~2-6~005, Drill String Temperature Test (Final), dated 4~11 May
1967,

DQR=2~7-001, ALSD Drilling Tests (Preliminary), dated 13-15 Janu-
ary 1967.

DQR~2-7-002, ALSD Drilling Tests - Deep Hole Scoria, dated
5 April 1967,

DQR~2~7-003, ALSD Power Head and Tréadle Lock Reliability Test,
dated 10-11 October 1967,

DQR~2-12-001, ALSD Power Head Seal Test, dated 12-15 January 1967.

DQR-2-12~002, ALSD Power Head Seal Performance in Vacuum, dated

. 25 July - 1 August 1967,

DQR~2-12-003, ALSD Power Head Vacuum Rock Drilling Test, dated
17-19 December 1967

DQR-2-13-001, Battery Cell Electrical Characteristics (Flight),
dated 26 October -~ 7 November 1966

DQR=2~13-002, Battery Cell Electrical Characteristics (Training),
dated 27 October - 7 November 1966,
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DQR~2~13-003, Battery Cell Electrical Characteristics (Training),
dated 21-30 November 1966,

DQR~2-13-004, Battery Cell Electrical Characteristics (Training),
dated 15-30 December 1966, .

DQR~2~13~005, Battery Assembly Electrical Characteristics (Flight),
dated 28 March 1967,

DQR~2~13-006, Battery Assembly High Temperature Electrical Charac-
teristics (Flight), dated 31 March -~ 3 April 1967.

DQR~2-13-007, Battery Assembly Off-Limit Electrical Characteristics
(Flight), dated 16~17 May 1967,

DQR~2~13-008, Battery Assembly High Current Test (Flight), dated
14" Jupe 1967,

DQR~2-~14~001, Electrical Switch Low Pressure Performance‘Verification,
dated 5-9 December 1966,

DQR~2~14-002, Electrical Connector Performance Tests, dated 6 April 1967,

DQR~2+14-003, Battery Assembly Switch High Current Tegt, dated 15 June
1967. . .

DQR~2-15-001, Determination of Rock Cutting Packing Factor, dated
30 Janudry 1967,

DQR~2—15~002, Evaluation of Cutiings Collection Requirement, dated
6 April 1967,

DQR=2-16-~001, ALSD Start-Cycle Power Losses, dated 6 February 1967,

DQR-2-17-001, Magnetic Field Measurements Tests, ALSD, dated February
1967.

DQR~2~18~001, Power Head Percussion Spring High Temperature Cycle
Life Test, dated 16 Maxrch 1967.

DQF~2-19~001, Evaluation of ALSD Ireadle Open Loop System, date&
1 April 1967,

DQR~2~19~002, Evaluation of Drill String Anchor System, dated

14 April 1967,
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DQR~2~19-003, Evaluation of Universal Anchor, dated 31 May 1967.

DQRﬁ2-19~004,'Evaluation of Partially Fluted Drill String, dated
23 June 1967. '

DQR~2-19-005, Petermination of Open Loop Drilling Parameters, dated
1 May ~ 29 June 1967,

DQR~2~19-006, Vertical Indicator Response Tests, dated 22 September
1967.

DQR~2-19~007, ALSD Drill String Treadle Lock Accidental Digengagement
Test, dated 20 October 1967,
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