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FOREWORD 

This document contains a summary of findings on the work performed 
by Bendix, its subcontractors, and consultants in the definition and des-
cription of scientific experiments and experiment operations to be per-
formed from a manned lunar roving vehicle. 

The areas of responsibilities and major individual contributors from 
each of these groups are indicated below: 

Bendix Systems Division 

Chief Scientist and Program Manager 

Assistant Program Manager 

Internal Heat Flow 

Ground-Truth Measurements 

Areal Radiation and Nuclear Core-
Hole Logging 

Systems Integration 

Ope rations Analysis 

United Electrodynamics 

Management and Coordination 

Gravitational Measurements 

Dr. O. L. Tiffany 

E. M. Zaitzeff 

Dr. H. E. Callicott 
J. R. Churgay 

M. E. Amdursky 
H. Graboske 

Dr. D. Ebeoglu 
R. M. Magee 

L. R. Lewis 
W. Fahling 
E. M. Zaitzeff 
S. Seely 

R. Gill 
D. Lamphier 

Dr. J. D. Bledsoe 

L. F. Ivanhoe 
Dr. C. M. Wolfe 
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Magnetic Field Measurements 

Surface Electrical Measurements 

Active Seismic Measurements 

Core-Hole Sonic Velocity Measurements 

Core-Hole Electrical Measurements 

Illinois Institute of Technology 

Lunar Core Drill 

Bendix Research Laboratories Division 

Gas Analysis 

Space/ Defense Corporation 

Bioengineering Aspects 

L. F. Ivanhoe *
Dr. z. F. Danes 
Dr. J. D. Bledsoe 

J. R. Stagner 
A. M. Rugg 

** Dr. R. A. Peterson 
M. Slavin** 
M ** . L. Swan 
L. O. Hogeboom 

**Dr. R. A. Peterson 

E. C. Wright 
Dr. J. D. Bledsoe 

J. Campbell 
L. A. Gardiner 
J. Capuzzo 
K. Norikane 
R. M. Cuenca 
L. J. Moran 

J. O'Halloran 
L. Walker 

M. Ross 
B. Pine 

* University of Puget Sound, Tacoma, Washington 
** United Geophysical Corporation 

iii 



Consultants 

Michigan State and Wayne State Universities 

Geological Exploration Objectives and 
Measurements Recommendations 

Dr. W. Parsons (WSU) 
Dr. W. Hinze (MSU) 

Lunar Topographical Features Summary G. Secor (MSU) 

Chemical and Physical Properties of 
Lunar Materials 

The University of Michigan 

Electromagnetic Probing 

W. Parsons (WSU) 
W. Hinze (MSU) 

H. Schulte 
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SECTION 1 

INTRODUCTION 

The purpose of the Scientific Missions Support Study (SMSS) for ALSS 
is to generate conceptual designs and operational descriptions of sample ex-
periments and experiment support equipments to be used on a MOLAB trav-
erse mission. These data will then be used by the MOLAB vehicle engineers 
to generate vehicle designs compatible with the scientific exploration re-
quirements. 

More specifically this study has attempted to: (1) review the objectives 
of geological exploration of the moon; (2) choose likely geological measure-
ments to be performed; (3} review current state of the art in similar meas-
urements carried out on earth; (4) evaluate the best experimental techniques 
for performing the lunar measurement; (5) perform conceptual de signs of 
selected geological exploration instrumentation; (6) define the anticipated 
problem areas in instrument development; (7} recommend terrestrial vali-
dation experiments to prove the feasibility of proposed experiments and 
mission operations; (8) perform mission operations analyses to determine 
the operational feasibility of the proposed scientific activities; (9) examine 
the bioengineering aspects to ensure that the proposed activities are within 
the capabilities of the astronaut- scientists; ( 1 0) perform a systems integra-
tion effort to ensure the selection of an optimum scientific experiment sys-
tem; and ( 11) summarize all of the above data into an integrated system de-
sign and provide system interface data in a form most useful to the MOLAB 
vehicle designers. 

The contract as let excluded a number of areas of scientific and tech-
nical information. In particular, little effort was given to experiments to 
be conducted as part of the Emplaced Scientific Station (ESS), geological 
instruments inherited from Apollo, and scientific measurements outside 
the areas of geological exploration and "ground-truth" measurements. 

This summary briefly discusses the major areas of the study, ex-
cluding some secondary tasks which are discus sed in the Final Report. 
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SECTION 2 

LUNAR GEOLOGICAL EXPLORATION 

As part of the scientific mission study, Bendix asked a vulcanologist, 
Professor Willard Parsons of Wayne State University, and a geophysicist, 
Professor William Hinze of Michigan State University, to evaluate inde-
pendently lunar exploration mission objectives and measurements from 
the standpoint of geology and geophysics. After reviewing lunar topology 
and possible earth analogs of the moon, they chose a set of weighted ob-
jectives and assigned a numerical rating to the capabilities of each meas-
urement technique, which was a part of this study, to achieve the goals 
stated in the weighted objectives. The selected measurement rating table 
is given in Table 1. The sum of the products for each measurement tech-
nique then gave a semiquantitative value of the worth of a measurement in 
achieving the MOLAB mission. The results of their consideration of these 
problems is summarized in Tables 2, 3, and 4. 

TABLE 1 

SAMPLE MEASUREMENT RATING TABLE 

Geology of Surface Features 
Morphology (7) 
Lithology (7) 
Structure (7) 

Geological History (6) 

Physical Properties (5) 

Geophysical Env. (4) 
Engineering Prop. (3) 
Internal Struct. ( 2) 

Natural Resources ( 1) 
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TABLE 2 

MEASUREMENTS AND EXPERIMENTS OF 
MAJOR SCIENTIFIC IMPORTANCE 

Drilling with collection, description, and photographs of cores and/ or cuttings 
plus geophysical logging of the d:i-ill hole (see Table 4). 

Survey control for aerial photographs 

Morphological mapping 

Micro -morphological mapping 

Plane -table type mapping or pace and compass type mapping with aerial 
photographs 

Specimen examination and description 

Spe cimen;collecticin 

Measurement of geologic sections 

Surface photography 
Black and white 
Color 

Seismic refraction surveying 
Near-surface (<30m depth) 
Shallow (30 to 300m depth) 
Intermediate (300m to 10 km depth) 
Deep (>10 km depth) 

Seismic reflection surveying 

Gravity surveying-relative acceleration measurements 

Magnetic field surveying-total, vertical, or horizontal intensity measurements 

Seismic activity (passive) measurement 

Heat flow measurement 

Erosion mechanism measurement 

Meteorite flux measurement 

Extralunar radiation flux 

Temperature surveying-time and space variations 
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TABLE 3 

MEASUREMENTS AND EXPERIMENTS OF INTERMEDIATE 
SCIENTIFIC IMPORTANCE 

Infrared photography 

Electrical resistivity sounding (vertical variations) 

Electrical resistivity profiling (horizontal variations) 

Natural gamma ray emissivity surveying 

Surface temperature measurement 

"Atmospheric" gas pressure and composition measurement 

Volcanic gas pressure and composition measurement 

Gravity-absolute measurement 

Gravity-tidal measurements 

Magnetic field measurements- time variations of total, vertical, or hori-
zontal intensity and declination 

"Atmospheric" electrical potential gradient measurement 

*Penetration resistance measurement 

>!<Bulk density measurements 

>!<Reflectance measurements -intensity, wavelength, and polarization 

>!<Thermal radiation properties measurements -intensity, power density, and 
wavelength 

>!<Electrical conductivity measurements 

>!<Dielectric constant measurements 

>'.< To be performed "in situ" on unconsolidated deposits 

TABLE 4 

GEOPHYSICAL LOGGING METHODS EVALUATION 

Major Importance 

Sonic (seismic velocity} 

Neutron- gamma 

Temperature 

Thermal conductivity 

Electrical induction 

Intermediate Importance 

Neutron-neutron 

Electrical microlog (contact) 

Gamma- gamma 

Gamma 

Caliper (drill hole diameter) 

4 



SECTION 3 

CONTINUAL SURF ACE MEASUREMENTS 

The continual surface measurements were considered during this 
study to be those observations and measurements made by radiant energy 
sensing instruments in the spectral region from 0. 20 fJ. to 25. 0 fJ.. Further-
more, emphasis was given to those instruments and techniques which would 
aid in the interpretation of data taken by other remote sensors, such as 
photographic cameras, infrared sensors, and microwave sensors on or-
biting platforms. After a survey of all known techniques and potentially 
useful instrumentation, a configuration was conceptually designed in which 
photographic cameras, radiometers, spectroradiometers, and television 
were combined into an integral package to provide multisensor coverage 
of a given field of view boresighted on objects of geological and geophysical 
interest. 

The instruments selected are of laboratory and airborne operational 
status and will require modification to qualify for lunar surface application. 
It is estimated that these modifications can be accomplished within a period 
of one year, and field models for validation experiments could be avail-
able within months. Specifically, the photographic capability will be pro-
vided by modified 70-mm aerial-type cameras with automatic processing. 
Two cameras will provide stereo pairs in the visible region; one will pro-
vide ultraviolet coverage between 0. 2 fJ. and 0. 4 fJ.; and one will provide 
IR coverage between 0. 65 and 0. 95 fl· 

It is anticipated that all the film will be returned to earth for inten-
sive examination, but an additional capability for readout aboard the 
MOLAB should also be provided for telemetry of the images to earth 
during the course of the mission. 

A grating-type spectrometer and an interference spectrometer are 
recommended to cover the regions of 0. 20 fJ. to 2. 0 fJ. and 2. 0 fJ. to 25 fl, 
respectively. This selection was made due to the nature of the mis sian, 
where it is desirable to obtain as much spectral data as possible in a short 
period of scan-time. 
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A radiometer is included to sense total radiation as a function of 
position or time. This is necessary due to the unique photometric function 
characteristic of the lunar surface. Structure in the spectral distribution 
curves may be due to true spectral characteristics or to angular aspect or 
solar incidence variations. The radiometer data will help discriminate 
between these two effects. The pertinent specifications on the total instru-
ment package are given in Table 5 and the conceptual mounting arrangement 
is shown in Figure l. 

Radio 
Meter 

-------
Instrument Package ~ ( ~:':~T~~~~~~===I))it::::::;~~ Vidicon Camera 

r---:o,=-..... 
Cover I 

3 
Interferometer Cameras 
Spectrometer 

Sptlctro-
Raoliiometer 

Platform 

Figure l Possible De sign Configuration 
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TABLE 5 

COMBINED INSTRUMENT PACKAGE 

Warmup 
Mass Dimensions Pov· .. ·er Time Instrument 0~ Time Modes of Data Data Ba."'ldwidth 

Ins truro e nts (kg) (ern) (watt) Model Selection {sec) (sec) Status Indicators Operation~:~ Accuracv Data Display (BPS) 

70mm Pulse-t;r:Ee Camera o. l-!0. 0 Radiation Level M,SA 10% C-scope on Earth 
:b.-1onitor 

#1 (spectral reference and 3.1 l0x22xl7 75 Itek 70mm DIX Thermocouple 
!rl stereo) +magazine (modified) 

#2 (UV) 2. 5 10x2Zxl7 75 Itek 70mm DJX Thermocouple 

#3 (IR) 2. 5 10 X 22 X 17 75 Itek ?Omm D/X Thermocouple 

#4 (2nd stereo) 2. 7 10 X 22 X 17 75 Itek 70mm DiX Thermocouple 
+ rr.agazine (rroodified) 

2 
Spectra radiometer 10.0 45x26x15 50 P-E SG-4 30-60 1 to 20 Scope Display M,SA 5% C-s cope on Earth 2.8 X 10 !04 

+45x54x19 (modified) of Signal 

2 3 
Interferometer Spectrometer 4.0 8.l3xl6x16 10 Block I-4T 30-60 0. 1 to 3. 0 Scope Display M,SA 5% C-scope on Earth 3.03 X 10 - 0. 1 X 10

{modified) of Signal (\vith 0. 4 sec max. 
scan rate) 

TV (includes display) 5. 0 15 X 20 X 28 25 GEC ED 6038 On during entire 1'\one M,SA 10% ~1onitor in Vehicle 
+ 15 X 15 X 20 {so:-;y rr:onitor) experiment 

3 
Radiorroeter {3-channel) 7. 0 i6.5x2.4x2l 20 Block E-9B 30-60 l to 10 Scope Display M,SA 5% C-scope on Earth 7 Q - 7 X 10

or P-11 of Signal 

4 7 Flying Spot Scanner 9. 1 15 X 15 X 25 2.0 30-60 Not in operation None SA 10';', 3.2 X 10 - 3.0 X 10
during measure-
ment time per 
frame 

Au.-··<iliary Equipment 5. 0 SEE TABLE 4 

* SA - semiautomatic 
M - manual 





TABLE 6 

SURFACE GEOPHYSICAL MEASUREMENT INSTRUMENTS 

Range of ''On Time'' Per Data Mass Volume PowPr {watts) 
Measurement Instrument(s} Measmt Measurement Format (kg) (cm3) (OTJPrating) 

Gravity Surveying LaCoste-Romberg Gravity Meter 161. 7?0- 1 min manual 9 6936. 4. 
16?., 250 record ' (with bat-

mgal tE>ry) -----
5 

Falling Ball Gravimeter 0-Zx 10 0. 25 sec Binary 2. 7 2125. 3. 
mgal 

Magnetic Field Metastable Helium Magnet- 0-300y 1 min 0-5 VDC 4. 3848. 5. 
ometer 

Schoenstedt Fluxgate Mag- 0. 1-300y As desired 0-2. 5 VDC 1.5 2713. 2. 5 
netometer, Model RAM 43C 

Varian V4948 Rubidium 0. l-300y Continuous FM: Scps- 2. 7 2106. 3. 5 
Vapor Magnetometer monitoring 3 kc at 

0-SVDC 

Surface Electrical 
7 

!. Resistivity Resistivity meter 1-10 lOsecper 0-5 VDC 295. 27. 
ohms reading 

4 electrodes for above 352. N.A. 

Cables for above r 5 150. N.A. \ . 
2. Spontaneous Potentiometer 0. 003-3. 5 sec per 0-5 VDC Included with o. s 

Polarization v/m reading resistivity 
meter above 

53. Electric Pulse Generator Detector System l-10 ohm 60 sec 0-5VDC 3. 0 4375. 10. 

5 
4. Magnetic Susceptibility, Impedance Detector 10-10 5 min 0-5VDC 3. 7 236. !D. 

Resistivity micro-

1~~;4ohm-

s. RF Antenna Transmitter 10-1_,0 9 5 min 1 channel 3. 0 12, ooo. 10. 
ohmMcm (Electronics 

Only) 

4 6. Inductive Field Coil, Impedance Bridge 10M 1-1o 0-1 sec 1 channel 4. 0 320. I. 
ohm-em (Electronics 

Only) 

4 7. Electrostatic Capacitor Plates, Vibrating lo- 2 -10 0-1 sec 1 channel 2. 0 320. !. 
Potential Gradient Reed Electrometer mv/m (Electronics 

Only) 

Surface Nuclear Measure-
ments 

I. Gamma-Gamma Gamma Source, Gamma Ray 0. 8-Sgm/ 5-10 min 0-5VDC 2. 7 860. 5. 
Detector cm3 per surface 

measmt 

2. Neutron-NE.utron Pulsed Neutron Source, Neutron 0. 01-10 5-10 min 0-5 VDC 6. 9 1720. 35, 
Detector 

2 3. Natural Gamma Ray Gamma Ray Detector Count Rate Continuous Binary 3. 6 565. 10. 
Meter, Data Processor ~= ~~3) during 

0-104 ~cps traverse 
0-105 

4. Neutron-Gamma Pulsed Neutron Source, Gamma o. 1-8 5-10 min Binary 6. 4 1175. 30. 
Ray Detector Mev 

5. Spectral Gamma Gamma Ray Detector, 32 Channels 0. 1-2. 8 Continuous Binary 3, 7 861. 12. 
of 128 Channel Analyzer Mev during 

survey 

Penetration Resistance Penetrometer To depths 0-5 VDC 2. 7 7549. 7. 
of 10ft 

Gas Analysis Quadrupole Mass Spectrometer 2-80 AMU l. 5 min 0-5VDC 4. 55 8430. 23. 

! 
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4. 3 SURFACE ELECTRICAL MEASUREMENTS 

The absence of water or conducting fluids in the lunar surface and near 
surface layers is expected to contribute to a resistivity of the lunar material 
sufficiently high to preclude the successful application of measurements re-
quiring a surface contact. Indirect electrical measurements involving in-
ductive or capacitive coupling of energy to the lunar material are favored 
over those requiring direct electrical coupling. 

The RF antenna is a small unit which the astronaut can use to help decide 
where to drill a hole or to probe the depth of the surface dust layer. The 
inductive field (mine- sweeper) measures both resistivity and magnetic sus-
ceptibility and can be used to probe the surface dust layer. Electrostatic 
potential gradient is recommended in order to measure surface potentials 
without direct (resistive) contact of electrodes to the surface. 

All the methods considered will require extensive earth validation. The 
most important aspects of earth validation deal with the complete absence of 
water (or fluids), and the resulting high surface resistivity and poor elec-
trical contact. 

4. 4 NUCLEAR MEASUREMENTS 

Five nuclear measurements are recommended for geologic mapping and 
the analysis of the lunar surface and subsurface; (1) natural gamma ray, 
(2) spectral gamma ray, (3) gamma-gamma, (4) neutron-gamma, (5) neutron-
neutron. Conceptual designs have been made of the instruments necessary to 
perform these measurements. In all cases, the same basic instruments have 
been de signed for use for both surface and subsurface measurements. Ef-
forts have been made to avoid duplication of instruments. Thus the recom-
mended gamma detector is used in four and the spectral analyzer in two 
measurements. 

4. 5 GAS ANALYSIS MEASUREMENTS 

The gas analysis experiment is designed to perform rapid localized 
analyses of gaseous emissions from the interior of the moon (possibly the 
result of residual volcanic activity) and routine residual atmospheric anal-
yses as de sired. The requirements of the gas analysis measurement nece s-
sitate the use of a mass spectrometric technique. 

An evaluation was performed of various mass spectrometric techniques 
to determine the most appropriate for this application. Generic mass spec-
trometers considered were (1) magnetic, (2) quadrupole, (3) time-of-flight, 
and (4) coincidence time-of-flight. A mass spectrometer of the quadrupole 
type based on the de sign of Dr. Schaefer of The University of Michigan was 
selected as the most promising instrument for this measurement. 

10 



SECTION 5 

SUBSURFACE GEOPHYSICAL MEASUREMENTS 

The studied subsurface geophysical mea'surements, necessary instru-
ments, and their parameters are summarized in Table 7. Brief descriptions 
of the measurements are given in the following paragraphs. 

5. 1 ACTIVE SEISMIC EXPLORATION 

Active seismic exploration will help to extend lunar geological mapping 
downwards into the subsurface rocks. Velocity data from time distance 
measurements of refracted energy level below the lunar surface will pro-
vide indication of rock type and hardness. Variations in velocity may indi-
cate subsurface structural features. Reflected energy will be used to study 
horizontally layered rocks at depth. 

Explosives are the most compact form of stored energy and will be 
used in shallow holes to generate seismic energy. Surface ground motion 
resulting from subsurface refraction and reflection of the seismic energy 
will be detected by six geophones laid out on the lunar surface at 30-meter 
intervals in a straight line and connected to the MOLA B by cable. The 
output of the detectors will be amplified and recorded in digital format on 
magnetic tape. 

Explosive charges will be detonated remotely by unique coded radio 
signals transmitted from the MOLAB. 

5. 2 CORE HOLE SONIC VELOCITY MEASUREMENTS 

Early core hole sonic velocity measurements should probably be con-
fined to measurement of vertical time depth curves. The curve will give 
the seismic travel time between a surface seismic energy source and a 
receiving geophone placed at successive three-meter intervals to 35 meters 
maximum depth. Approximate values of the average rock velocity can be 
determined. 
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TABLE 7 

SUBSURFACE GEOPHYSICAL MEASUREMENT INSTRUMENTS 

Range of "On- Time" Per Data Mass Volume Power (Watts) 
Measurement Instrument( s) Measurement 1.1easurement Format (kg) (cm 3) (Operating) 

Active Seismic Geophones (6) NA 5. 24,900. 0 
Cable, ZOO m 7 pair NA 0 
Amp System 4. 5 7' 080. 10 
Loading Poles NA 2. 6 0 

~-
-- __!_._§_?0. 

Packaging and Shock Mount NA 2.3 4, 920. 0 
Explosives ( 27 packages) NA 4. 5 3, 600. 0 
Detonators ( 10) NA 2. 3 l, 000. 0 
Receivers (l 0) NA 2. 8 2, 000. 

~ 
0 

Digital Record System 0. 003-3 km l min Binary 5.0 21, 825. 40 
(subsurface 
horizons) 

Analog Record System 0. 03-3 km l min Analog, 13. 5 25, 590. 40 
(subsurface 0-3 v 
horizons) 

Sonic Velocity Wall Coupling 0-30 m Analog 0.45 32. 8 0 
Geophone ( l) in 3-m Voltage 0. 27 24. 6 0 
Cable (35 meters} steps 2.7 14, 700. 0 
Loading Poles 6. 3 3, 854. 0 
Acoustic Velocity Instrument 0. 2 515. 0 
Squibs ( 15) 1.3 204. 

Core Hole Electrical Induction Logging Sonde 10L-1olZ Continuous Voltage 2. 3 100. 

0 

2 
(Less Cable) ohm-em, during logging Variation 

10-105 
micro-
oersted/ 
gauss 

Heat Flow Temp Sensors and Thermal 0. 05-1. 6°K/m Conductivity: 10 hr 0-5 VDC 20.4 56, 634. 1.5 
Conductivity Measuring -40 to +45°C, Heat flow: months (continuous) 
Device 0-100 watts and 120 for 

10 hr 



Equipment requirements include the down-hole geophone with a frequency 
response of 4. 5 to 200 cps mounted on a spring metal device designed to 
couple the geophone acoustically to the wall of the test hole. A cable con-
nects the geophone to the surface instruments through the MOLAB connection 
panel. Instrumentation used for active seismic experiments will also be 
used to record sonic velocity measurements. A special energy source con-
sisting of a source holder and small explosive squibs will generate surface 
energy. 

5. 3 CORE HOLE ELECTRICAL MEASUREMENTS 

Electric logging of core holes measures selected (induced or natural) 
electrical properties of rocks in the walls of core holes by means of geo-
physical instruments lowered into the holes on an electric cable. These de-
vices effectively measure only those rocks within a few centimeters of the 
hole, but are highly developed in the oil fields to eliminate expensive rock 
cores and to evaluate underground fluids in place. It is questionable whether 
or not lunar down-hole electric logging devices can gather any geophysical 
data that cannot be measured equally well on the cores in an earth laboratory. 

Conductive water is the basis of all electric logging techniques on earth, 
but no free water is expected on the moon. "Induction" (conductivity) and 
"magnetic susceptibility" devices are the only conventional electric logs that 
will function in "moon dry" holes. A single logging device which incorporates 
simultaneous measurements of both of these parameters is recommended for 
lunar use. 

5. 4 HEAT FLOW MEASUREMENTS 

The theories on the formation, growth, and thermal balance of the moon 
may be aided by bore hole heat flow data. The actual measurements will be 
temperature gradient and thermal conductivity, and the heat flow can be 
computed from the conduction equation. The measurement of thermal dif-
fusivity may provide an additional means of acquiring these data. 

Resistance thermometers, thermistors, and quartz crystals offer the 
best possibility for the choice of a temperature sensor. Thermal conduc-
tivity may be measured with a heated probe with integral temperature sen-
sors. 

Analysis showed that, even with low energy dissipation from the drill, 
the temperature gradient near the bore hole had not returned to equilibrium 
after 30 days. The probe therefore must be part of the ESS and must relay 
information for months before the desired data may be obtained. 
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SECTION 6 

CORING DRILL 

A coring drill as part of the ALSS scientific package would be used 
to acquire samples of the lunar subsurface material and to provide holes 
for the insertion of probes and emplacement of explosives in seismic in-
vestigations. Various existing drilling techniques were evaluated and it 
was found that only a rotary-percussive drilling unit would meet the strin-
gent requirements imposed by the lunar environment. This type of drilling 
system was chosen because of its high efficiency, suitability for drilling a 
wide range of materials, and since it does not require cooling of the drill 
bit. 

The basic operating principle of a rotary-percussive mechanism is 
the acceleration of a mass which impacts on an anvil~ transmitting an im-
pulsive force to the drill bit. Both the impactor and rotator are located 
at the bottom of the hole near the drill bit to eliminate loss of energy in 
friction against the sides of the hole and in accelerating the entire mass 
of drill pipe. A closed-cycle pressurized gas drive was found to be the 
most compact and efficient means to power the impactor, which consists 
of a piston, cylinder, and the rotator. 

The core samples and drilling chips will be collected in the drill bit 
assembly. Feed and thrust are accomplished by means of constant force 
springs, and drill rod extensions (3 m long) are provided for drilling a 
30 m hole. Since all these systems operate in the vacuum environment of 
the moon, consideration was given to problems of lubrication, cold welding, 
and sublimation. 

Investigation of the thermal aspect of the drilling system indicated 
that an active thermal control system is necessary to dissipate the heat 
introduced by the pressurized gas. 

The total drilling system, as conceived, consists of a down-the-hole, 
closed- cycle, pressurized gas -driven, rotary-percussive drill unit capable 
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of drilling of 5 em diameter hole 30 m deep and taking a 1. 9 em diameter 
core sample. The total system weighs 85.2 kg and requires 47.6 kwh of 
power. It was estimated that the total task time would be 20. 95 hr and 
that the astronaut would be directly involved for 36. 4% of the total task 
time. 

Table 8 gives the pertinent parameters of the drill system. 

TABLE 8 

DRILL SYSTEM COMPONENTS 

Weight 
(kg} 
(lb) 

Space Envelope 
(meters) 

(ft) 

Drill bit assembly 
Air Motor 
Impactor 

Drill Rod Extensions 
(9) 

Feed, Thrust and 
Storage System 

Radiator 

Air Compressor 

8.4 
( 18. 4) 

33. 1 
(73.0} 

26. 3 
(58. 0} 

5. 2 
(11. 5) 

12.2 
(27. 0} 
85. 2 

(187. 9) 

5 em dia x 3 m long 
(2 in. dia x 10ft long) 

5 em dia x 3 m long 
(2 in. dia x 10 ft long) 

. 76 m x. 21 m x 3. 66 m 
(2. 5 ft X 0. 7 ft X 12 ft) 

. 0 18 m x . 3 048 m x 7. 6 
(. 06 ft X 1 ft X 25 ft} 

. 15 m dia x . 3048 m 
(. 5 £t dia x 1 ft} 

m 
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SECTION 7 

SCIENTIFIC INSTRUMENTATION SYSTEM DESIGN 

A scientific instrument system design was completed based on the sys-
tem constraints and guidelines. The recommended instrument package was 
selected, and the requirements of the experiment supporting equipments 
were determined. A simplified functional block diagram of the scientific 
instrumentation system is shown in Figure 2. 

7. 1 RECOMMENDED SCIENTIFIC EXPERIMENT PACKAGE 

The prime restriction on the instrument system is the 318 kg mass 
limitation. Not all of the 318 kg can be alloted for instruments since 
several other items are chargeable to this weight. The Apollo inherited 
equipment, the astronaut hazards equipment, and the system support instru-
mentation are the major items which must be considered along with the 
instruments. The following factors were considered in the review of the 
instruments. 

1. Relative priority of the experiment 

2. Weight of instrument 

3. Weight of specially required support and data handling 
equipment 

4, Operational problems 

5. Overlap of other experiments. 

The list of recommended instruments is shown in Table 9. It is well 
recognized that this list of experiments is one of many that could be recom-
mended. However, it is felt to be a reasonable list and is necessary to 
complete a system design. 
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TABLE: 9 

RECOMMENDED SCIENTIFIC INSTRUMENT PACKAGE 

Instrument Weight (kg) Volume (em 3 ) Power (watts) 

Core Drill 85.4 643,252 3252 

Mining Core Splitter 2. 5 1,969 0 

Nuclear Experiments Package, which includes: 

Gamma source, gamma detector, pulsed neutron 
source, neutron detector, count rate meter, data 
processor, 128 channel analyzer, source-detector 
shield 15.6 3,496 52 

Active Seismic Package, which includes: 

Six geophones, 200m cable, amp system, tapes, 
packaging and shock mount, explosives, detonators, 
10 receivers 21. 4 43,500 10 

Sonic Velocity: 

Active seismic components plus wall coupling, cable, 
geophone, 15 squibs, acoustic velocity instrument 4.9 15,476 

70mm Framing Cameras (4) 10.0 13. 520 300 

Radiometer 7.0 8,340 20 

Spectroradiometer 10.0 70,300 50 

Interferometer Spectrometer 4.0 3,790 10 

TV 5.0 3, 195 15 

Platform and Mounting for Boresighted Package 3.0 N.A. 

Film Readout Device 9. 1 16,400 20 

Falling Ball Gravimeter 2. 7 2, 125 3 

La Coste - Romberg Gravimeter (w/battery) 5.9 6,936 4 

Quadrupole Mass Spectrometer 4.55 8,430 28 

Metastable He Magnetometer 4.0 3, 848 5 

Core Hole Electrical Induction Logging Sonde 2. 3 100 2 

EM Probing Equipment: Antennas, Impedance Measuring Device 2. 7 14, 200 2 

Penetrometer 2.7 7,549 7 

Surface Electrical Package, which includes: 

Resistivity meter, potentiometer, cables, and electronics 1.5 

204. 25 

797 

867, 223 

28 

3801 
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Figure 2 Simplified Scientific Instrumentation System 
Functional Block Diagram 

Volume Power 
Weight (kg) (cm 3 ) (watts) 

Recommended instruments 204.25 867,223 3801 

Apollo inherited equipments 31. 7 92,984 33.8 

Radiation hazard instruments 2.8 2,140 1.8 

Data handling, storage, display 30.0 41,840 98 

Internal cabling 4.4 18,000 

Experiment connection panel 2.4 8,200 

Equipment stowage and 
contingencies 

Total 

42.45 

318. 1,030,387 3934.6 
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SECTION 8 

INTEGRATION OF SMSS AND MOLAB 

As a result of the over-all study, all the instruments which appear on the 
recommended list (Table 9) were reviewed to determine how they could be inte-
grated into the MOLAB vehicle. An optimum SMSS-MOLAB system would share 
as many equipments as possible to minimize weight and power requirements. 
Anticipated integration problems and certain suggestions are discussed below. 

1. The drill sections are quite long and will pose mounting problems. The 
drill section lengths can be changed to mount in any reasonable enve-
lope available on MOLAB. 

2. The mounting of the ground truth scientific package presents an inte-
gration problem. Top mounting is most desirable from an instrument 
point of view since it provides 360° of coverage. Other equipment 
already planned for the top of MOLAB may of course prevent this. A 
TV camera used for MOLAB navigation might also be used for aiming 
the ground-truth package, thus eliminating one camera. The feasibil-
ity of sharing cameras can be determined only after a final mounting 
location is selected. 

3. Outgassing of the MOLAB vehicle may cause problems with the mass 
spectrometer measurements. The location of the mass spectrometer 
can be determined only when the level of vehicle outgassing is deter-
mined. 

4. The magnetic field in the vicinity of MOLAB will affect any magnetom-
eter measurement. Special mounting techniques which utilize a boom 
tow device or remote operation on the surface may be necessary to 
minimize the effect of the vehicle fields. 

5. Route surveying data in the form of position and inclination could be 
provided by the MOLAB navigation system. A theodolite and ranging 
laser, if already provided on MOLAB, could be used. 

6. Care must be taken in the storage and handling of the seismic explo-
sives and detonators, to guard against discharge. RFI protection is 
required. 

7. The penetrometer mounting is a consideration. The distance of the 
instrument from the ground should be minimized. 

8. A considerable amount of external cabling is required to conduct a 
seismic experiment. A reel or other storage device must be de signed 
to be easily used by a suited astronaut. Other cabling such as that 
used for the drill operation and core hole logging will present problems. 

9. Gravity measurements, if taken within MOLAB, will require a minimum 
of vibration. Vibration due to pump and motor operation should be 
minimized. 
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