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SUMMARY

This repért describes the development of a drill stem to be used with
the Apollo Lunar Surface Drill to arill holes in thé moén's surface to em-
ﬁlace the lﬁnar heat flow experiment, and the subséauenf development of a
ﬁrototype model of a core retrievai.sfstem that does not require the removal
of thé drill stem from the lunar subsurface.

The objectives ofrthe development'progiam were:'(a) to reduce the
- number of tasks, eliminate excessive ph&sical exertion, and reduce the timé |
required to-drill two’j—meter héat flow holes in £he lunar s;rface and’(b)
to increase the QUaiity and quantity of the lunar subsurface séil sample;
taken from the‘ﬁoreholes.

;The prdgfaﬁ £esul£ed in the dévelopment of prototype models of a drill
stem made cf epoxy fiberglass, reinforced with axially aligﬁed érystalline
boron fibers. This stem is compatible with tHe existing Apollo Lunar éugface
Drill powérhead and replaces the titanium drili stem and'fiberglass casingliqi-
. tiallﬁh designed for emplacing the heat flow gxperiment probes.k

‘The mechanical properties of the composite stem developed under this
program (a Young's Modﬁlus of approximately 12 million PSI and high torsion
étr;ngth) proﬁide a drilliﬁg perf&rménce ﬁearly'equal to thét,qf the titanium
’drill stem. ‘ The thermal conductance of the epgxy—boron stem is‘approxi—
@at&iy 0.01 wétt—cm/ocl.which is low enough to permit accurate temperature
gfadient and the conductivity determinations td’be'made in the 1ﬁnar soil
througﬁ the walls of the drill stem.

A solid-face drill Bit, i.lZS" in diameter, waé deﬁéioped to be used
withrfﬁe boron filamené stem.  Unlike thé original coring bit, this bit
. removes all material in a 1.125" hole. :After drilling the borehole to the‘
required depth with the composite drillféﬁemiand solideace bit, the temper;

ature-sensing probes of the HFE can be directly inserted into the hollow



stem. This eliminates the tasks of retracting the titanium stem and
drillingrdown a separate fiber glass casing required with the original ALSD

design.

2

ihto flight hardware By the Martin Marietta Corﬁoratioﬁ of Denver, Colorado
and are néw incorporated into the Apollo LunarASurfaee Drill design.

In ad&itipn, a lunar core sampling‘system was developed and a prototype
fébricated. This éystem would permié.fhe astronaut to remove core sampies
froﬁ the borehole without retracting the drill stem. The core is collected
in thin—walieQ core liners that are inserted and locked into the lower part
rof the drill stem.  The same 1iners can be used as sample return containers.
This co?ing‘system has been successfuliy éésted'in uncohési&é aggregates'of
rock powder.siﬁilar to those'fhought to,cbmposé the lunar éurfacé layer.
Thié system caﬁ qbtainza more represeﬁtative samplé of the drilled material
thén the titanium drill stem.

'Thg development work was carried out at fhe’Lémont~Doherty Geological
,QbserVato?y of.ColumBia Uniyersity with assistance from theVMartin Marietta
'CoxPoration, Arthur D. Little Co., Inc., Chicago-Latrobe; and the AVCO

Corporation.

BACKGROUND

The.Heat Flow Experiment (HFE) is one of several experiments in the
ALSEP program.that'will be emplaced oﬁ the 1unar‘surface during a lunax
landing mission. The HFE.is designed to measure thewheat'budget in the
éhallow subsurfacé of the moon for a period ;f one’year. Thié'measurement
: Qill be achiévéd by making vety precise measurements of temperaturé differgnce
kin?the lunar soil together with measurements oé the thérmal conducﬁivity Of?
‘thé moon's subsurf;;é materiaijv ’The principgl objective is‘to'detérminé

- the net loss of heat:from~the5deep‘interigr;
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One of the.problems in making this type of measurement'is how to
eliminate the 1arge diurnal surface'teﬁperaturé variation ( ~350°C) ‘induced
by the sun. These variations decrease rapidly with depth.iﬁ the poorly
conducting lunar surface layer. . If the temper5£u£e.sensors are 1.5 or
more meters below the surface, they would detect variations of only a

fraction of a degree and can be subtracted from the steady components we

wish to measure. Thus, by burying the heat flow probe 1.5 or more meters

- we can greatly improve the accuracy of the heat flow determination.

The Apollo Lunar Surface Drill: The ALSD is a system capable of

drilling and casing two 3-meter holes with a nominal ID of 0.875" in the

-lunar soil in which the heat flow probes are buried. The drill system

originally delivered to MSC by Martin Marietta COnsigted of a battery-
operated, rotafy~pércussive power head, 8 sections of titanium drill stém,
a coring bit, twelve sections of epoxy fiber glass borehole casing, and‘
auxiliary equipment tﬁat included a foot treadle, a storage rack, and a
wrench,

“The procedure to emplace the first of the two heat flow probés in the
lunar surface using the originél ALSD is to:. (1) drill a ten—foot holé
using eiéht seékions of titanium drill stem, (2) retract the drill stem
frgm‘the hole and empty the core material on the surface, (3) reenter the
hole with the fiber glass casing, and (4) insert the fi¥st heat-flow probe.
T& emplace the second probe: (5) drill a fen-foétAhoie withrtﬁektitanium
sﬁem, (6) retract the drill stem, (7) disconnect each section ofistem con-
taining core material aﬁa store in hand tool'éarrier; (8) reenter the hole

with the fiber giaés‘casing, and (9) insert the second heat—flow~probe.



Many of the tasks can be avoided by usipg a.drill stem that does not
have to be retracted from the lunar subsurface. Such a drill stem must
have a low thermal conductance, so as not to degrade the heat-flow experi-
ment performance,yet have an axial modulus high enough to efféctively
’transmit the percussive energy of the power head to the bit. Tovutilize a
low conductance drill stem that can be left in the lunar subsurface it is,
of course, necessary to develop either a solid-face bit that does not allowv
material to enter ﬁhe drill stem, or, 4f a co;ing bit is used, to develop
a core ret;ieving system that can remove material from inside the stem.

-The approach that ‘seemed most feasible was to replace the titanium
dfill stem with a stem made of composite material. An epoxy resin was
cﬁosen for the matrix of the stem.tube because of ité low fhermal conduc-
tivity. The epoky is strengthened b§ glass fibers wound ciréumferentially
in the tube walls. The axial stiffness is inc?eased by an order of magni-
tude by including filamenté of crystélline boron (Young's modulus 60x106 PSI),
aligned with the tube axis. e T |

- From the start of the-program we hoped to develop a solid-face bit by
a;mbdificatian of the. existing ALSD coring bit désigned by'Marfin Marietta
and Chicago-Latrobe, thus benefiting from the experience‘and testing.that
wént into that bit development. Our approach, which proved successful, was
tb insert a central cuttérkinside therannulus of cutters of the core bit.
When drilling solid rock, the core bit leaves a small cylinder of'material
sianding above the cﬁtting face, this éyiinderwis brokeﬁ up by‘the_carbide
central cutter. . | |

An alternative to the solid-face bit‘is to rcemove the core material

from inside the boron drill stem., Because of the great scientific value



of the subsurface core samples, a system that could retrieve the sample

would be worth the extra astronaut effort required. To this end we began
development of a '"core retrieval system." We decided to utilize a system

similar to that used in standard drilling techniques. The basic feature

A

of the system is a thin-walled core liner that is locked in the bottom

section of the drill stem. These core liners would be inserted and locked
. ; P

[

in place. After drilling into the lunar subsurfaée the length of the core

liner, it is locked in place and removed by the astronaut. For emplacement
e

' , S .
and retrieval of the liners a special too)} would have to be designed. This

liner serves as a core sample container on the return flight.

"DESIGN REQUIREMENTS

lA. Boron Filament Reinférced Fiber Gigss Drill Stem:
© 1. Stem body: . The stem body should have an axial modulus'éf elasti-
city sufficiently high so that its drilling r%te iﬁ’dense basalt is com-
parable to that of thé titanium stem. (Y;ung'g Mgdulus of titanium is esti-
mated at about- 16 x 106PSI.) |
| 2. Interstem joints: : Becauserf limifed storage'space and'éstronaut
handling requirements, the stem is bfoken'qowh into sections about 22" léng;
This joint must be rejoined on the éurface and must be desigped to transmit
tﬁekpercussive energy with little or no,attehuatiOn and also transmit tﬁé
torque- from the power head (maximum‘BO ft-1bs).

‘3. Thermal conductance: - The conductivity of the compos%#e boron
~ stem should be less than 0.01 watts/cmC in tﬁe axial direction.

4. Flutes:  Helical flutes are added to the outside of the bore
sgem'to transport cuttings from‘;he drill face to the surface. These flﬁtes

must have sufficient wear resistance to maintain their function after drill-

ing up to four minutes in solid rock.



5. Dimensions: If possible the dimensions of the drill stem should

‘be similar to those of the fiber glass casing used on the existing'ALSD.

h. Solid-Face Drill Bit: o . ‘ '

1. Drill rate: To meet performance requirements the solid-face
bit must drill at nearly the same rate as the»AP§D core bit. Typical rates
are 1 to 2 inches/minute in dense basalt, 4 to 7 inches/minute in vesiﬁular
basalt with-a 40% void ratio.

2. Thermal considerationé: The efficiency of the bit should be
high enough to preclude damage to the epoé& resin in the stem due to high
temperatures (i.e. <300°F). Somé means sould be provided to thermally
isolate the bit from the stem if high temperatdres cannot be avoided. |
3. Interchangeability: The-SOlid—fape bits should be interchange-

able between stem sets and with coring bits.
C. Core Retrieval Systém:
. 1. Subsurface sampling: | Thevcdre system shouid 5é designéd“tO‘Obtain

the maximum samp;e witﬁ the ﬁinimuﬁ of physical'damagé £o the sample.‘

2. Operability: TheIS§stem should be easily operable by a,sﬁace—
‘suited éubject. |

3. Core sample return container: ~ The core liners should also servé
" as a retutn container storable in the sample return COnEainer. ' (Storage
~ in the SRC is 1imited to objects that are iess tﬁan 16.75“ in 1ength and
 are composed of non-organic ﬁatériéi;.) |

4. Core retention: The liners must rétain the core sample wheﬁ'it

is retracted from thé stem and while being handled by the astronaut.



5. Compatibility: The core retriev§ﬁ§system shoﬁld.be compatible
with the boron stem and the ALSD power head.\

6. Storage: The system éhould Se desiéned so that together witﬁ
the remainder of thg ALSD drill.gygtgm it can be packaged within the existing

ALSD voluﬂgﬁenvelope.

'SUBCONTRACTING ARRANGEMENTS

The AVCO Space Systems Diviéion, under a subcontract from L-DGO, was
initially chosen to perform the design and deveiopment of the composite
drill stem. The work was dOﬁe under éhe guidance of L-DGO. The subcon-
tract with AVCO consisted to two tasks:

| Task I:I . To conduct a design and manufactpring feasibility study.

Task II: Fabrication of prototype sets of drill stem.

After completing Task I, the sﬁbcontract was’termina;edo

Phase II was completed under a separate subcontract with Arthur D.
Little, Inc. This work was also done under the supervision and direction
of Lamont-Doherty Geologicai Obsérﬁatory.

_ The development solid-face bits were purchased by L-DGO from Chicago-

Latzobe, Inc., based on L-DGO drawings.

PROGRAM DEVELOPMENTS AND TEST'RESULTS

A;.BorOn Filament Reinforced Fiber Glass ﬁrill Stem:
B 1. Drill Stem Body: ,The:boron drill stem developed under this
prqgrém‘is shown in Figure 1. |
(a) Design: The tpbular body of tﬁé diillVStem has a sandwiéh

construction (the details of which are shown in Figure 2). Innermost are

two layers of epoxy fiber glass, with the glass filaments, helically wound
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at plps and minus 45 © to the stem axis. Three layers of boron filaments
are wrapped over these layers that are aligned with the long axis of the |
t@ba. Two additional layers of fiber glasé are woﬁnd over the deon at
angles plus and minus 45° to the stem axis. This éonfigutation gives a
nominal outer diameter of 0.990" with an inner diameter of 0.875".
The flutes to transport drilllcdttings to tﬁe surface are helically

wound aroung the stem body as shown in Figure 1. The flutes dre also made
of fiber glass and form a double helix with a 1" pitch. The outer surface
of the flutes are impregnated with silica.bowdeb té increase abrasion resistance.
Each flute is 0.10"to 0.15" across and stands about 0.45" abové the stem body.
As can be seen im Figure 1, the diameter of the stem body is increased at the
femalé joint, whereas tﬁe flute diameter is constant, and as a result the
flute depth over the joint area is very small, i.é.g about 0.0l";

- .(b) Physical charactéristics determined ffom tests: . Mechanical
tests weré made on some prptbtype tube sections fabricated at the AVCO Corﬁ—

oration, These tubes differed slightly drom the tubes described above. The

configuration of the AVCO tubes is as follows:

7, (1) 0.014" plus and mipus.ASQ epoxy-glass inner layers. .
| (ii) 0.015" axiélly‘aligned boron.
: (iii) 0.011" plus and minus 8O fiber gléss outer layers. - =
The average measured properties of seve;al tube sections were:

Axial Young's Modulus 11.6 x 16% ps7, shear modulus 1.57 x 106 ps1 and

Poisson's ratio 0.20. /(The AVCO Corporation's final report is appended to
- this document, APPENDIX A{) ' Theoretical values predicted were 12 x 106
PST and 1.3 x 10°

PSI. for the Young's and Sheaf‘moduli. -
- AVCO also conducted tests to determine the wear resistance of the

- flutes with differcnt'"fillers" in the gpoxy;fiber glass;k Threekfillers were
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césted; rgraphite'powder, teflon, and chopped silica. The chopped silica
produced‘thegreatest improvement in wear resistancef (Seg the AVCO report
for furthér details.) - , 7
‘ The thermal conductivity of éhé test specimens made at AVCO were
measured by that company.' Copductivity was measuredras a function of
témperature. . The only reéults relevant to the HFE are thésejat 37,7°C and
93.300.’ They aré‘0.0276 and 0.467 watts/cm/?C ,‘respectively.

Further conductivity meésurements on the boron stem were made at
AbL by request of L-DGO under Subcontgact #6.  These measurementé are rg—'
viewed in the ADL report, AEPENDIX B. B

“ These results give a value of cpﬁdﬁctivity equal to 0.0096 watts/

cm®C at 27°K and 0.0108 ﬁatts/;mcc at.f73°K. , The_proceéufe'of the AVCO
coqductivity measuféﬁents waé not médefayailable to L-DGO so, that ﬁé'héﬁe né
way of assessing the differehce by a‘f;cfor of:éwo between~AVCO and ADL
Vnumbers. We did witness the tests at ADL and'réviéwed the.analysis.so that
we have confidence ih'the resuits._ Weﬂconclqde that'the condﬁctivity of the

boron tube is:

. oc QK ‘ ¢0nductivity*" |
279c 300K 0.0096 * 0.001 watts/cmOC
-73% - 200°K | 0.0108 + 0.002 watts/em®C

*Eihebéonductivity is measured axially in ﬁhe tubes.

'(c) Drilling Tests:

The prototype sampies made by AVCO were used to comparéxthe boron
réinforced'fiberrglass sﬁem with the titaniUﬁ stém; Thesé’tesps were
'cérriéd out in the Martin Mariett;\CorporatiOn faéility in Baltimore. These-
t;Sts gave an early indication that the stemkcould ﬁransmit.the réqui:ed : |

-

- percussive energy. -



In the spring of‘1968 we built a small test faciiity'at L-DGO.
The facility consisted'of a Black and Decker rotary—percqssive drili, Model
723, that has charécteristits very-éimilar to'the ALSD, aﬁd snme test
sﬁecimens such as finely c?ushed basait‘stone, ;nd blocks of vesicular and
dense basalt. All of the tests described here were made in the L-DGO
| facility.

‘A comparison of drilling rates was made using samples of titéniums
boron reinforced epoxy fiber glass, and fiber glass stems reinforced with
axially aligned glass filaménts. Each of the fiber glass stem samples were
composed of two 20"vlengths bonded together over an -aluminum plug. The
titanium stem sample was 34" long (2 sections of standard ALSD stem).

Table 1 shows the results of tests with the three types of stem.
Notice the tests were run for four different types of "drill bits as well.
(Thé drill bit tests will be discussed later,) ~For both the solid-face
and coring bifs with a diameter‘of 1.027" the drilling»rates aéﬁieved~with
the three stems are comparable (the Ci53 rate fpr axially aligned gléss
fiber‘%aybe anomaloussvperbaps dﬁekto an excepfionali§ hafd 1ayer'in the
baSalt.) The energy transmission of each is better tested by the larger
diémetet bits where more energy ﬁer blow is required because bf the large
cutter contact area. For tbese tests the boron filaﬁent reinforééd fiber
glass and the titanium show a decided advantage over the glass. We believe
that larger kerf areas might alsc simulate thg,performance witﬁ:a‘1.027“
diameter Bit‘when the drill stem length ié nearly 10 feet.

T The axially alig;éd gléss'befforms temarkable well considering
'éhé low modulus of the material. “However, it is appaient that 1ongu

lengths of this material might produce very slow penetration rates.



TABLE 1: Drilling rates (in inches/minute) of development

ALSD bits

as a function of kerf area* and type of drill stem.*%*

Type of Bit Solid Face Coring Coring Coring
(1.027" dia.)|(1.027" dia.)|(1.125" dia.)|(1.250" dia.)
Kerf Area 0.821 in? 0.391 in2 0.558 in2 | . 0.789 in2
“Type of Stem
T1itanium 0.84 (1) 1.10 (1) 0.65 (1) |  0.46 (1)
Axially Aligned ‘
Glass Fibers . —0:82 (2) 0.53 (1) 0.44 (1) 0.26 (1)
Boron Reinforced B I S ‘  , -
Fiber Glass 10.99 (2). 1.20 (1) 0.71 (2) 0.32 (1)

Notes:

- The number in parentheses gives the number of tests conducted.
- When two tests were made, the results were averaged.

- Tests are based on drilling one minute.

= All the tests were made in dense basalt.

* Width of the bite of the cutters times the mean;circumferencé.

**fThese‘data‘are,plbtted,in,Figure 3 on the‘fOIlowing page.
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2. Taper Joint:

(a) Design history: Designing a workable’taper joint for
the boron filameﬁt drili stem proved to be the most difficult task in the
development of the boron drill stem. . The initial taper joint design was
~a simple taper of 0.012inches/inch for a length of 1" machined into the
outer glass layers of the male and.fémale pieces. The inner part of the
tube containing the boron filaments was ground to. form- a flat shoulder
that butted when the joint was made up. This type of joint failed during
testing due to lack of adequate hoop strength; aiso the boron;filamgnté
sheared off at the shouldgrs.

To correct for this, the second design inéorporated steel rings;
one internally on the male to retain the ends of the boron filaments and
the other externally on the female section to increase the hoop strength.
(Séé the drawing in APPENDIX A, Figure 2.) This joiSt also faiied after
a brief test because of insufficient hoop strength. The last joint men-
tioped was remachined to relieve the stress at'tﬁe glass-boron interféce,
buﬁ this modification allowed fhé slip-inirotapion,vjointg overheated and
éol%apsed. (See APPENDIX C, "Drill tests dﬁripg January, 1969, pp. 2 and
'3, for more detailed descriptions of these tests.) |

(b) Final design of the tapar~joint: The previous tests
led to a basic revision of taper joint desigp,A The steel reinforcing rings
wefe removed, and.the female taper was reinforcedkby oveplaying‘it wi§h~
#hortklengthS»of boron filaments. ,,In additiop,'circumferentiglly Qound -
fiber gléss was- applied ﬁround,theffemale,taper joint to increase hoop
strength. The taper angle was;increased from - 0.012 inches/inch to 0,018
inches/inéh,to decrqase radial stresses~in’both the male and female sections;

of the taper. This joint configuration has proven successful, and is the



16

bésis for the final design. The configuration of- glass and poroﬁ layers in
the final taper joint design is shown in Figﬁres 1 anad 4.

(c) Summary of taper jbint.testszi Many tests of the taper joints
were maée in the course of development.’ For the finalytaper joint design
we ran an endurance tést that lasted for 22 minutes of drilling in deqse
basalt with no apparent joint degradation.

3. Bit Adapter égction: It was found necessary to put a 4" Fitanium
adapﬁer section between the drill stem and drill bit to allow for the inter-
changeability of drill bits,-to dec:éase temperatures seen by the the epoxy
stem, and to reduce abrasion in the section behind the bit. Figure 1 shows
the detail éesign of the bit adap;ér,

(2) Thermal considerations and tests: -It’was felt that there.
ma§ be & significant amount of heat generated in the drill bit duiing drill-
ing of rock. Concern for the effect of thié heat o’n‘ the _resih system of the boron
filameﬁt stem led toké test to determine the magnitude of the problém. The
test is described'fully'in APPENDIX D and is summarized briefly beiow. The
téﬁperature measuring system eMpioyéd tﬁree copper éohstantin thermocouples,

a sérip chart recorder, ice bgth, insulated thermocouple housing and other
associated equipment.'. |

vquéing a Black énd Decker Model 723 power head and the boroh drill

stem with a 17027" solid-face bit, dense basalt was drilled for a given

length of time (1 to 4 minute;); at the completion of the drilling peribd

the bit wés transferred to an ihsulated thermocuple housing and temperature
: teadipgs at various points on the drill stem were made. The temperature as

a function of drilling time is shownkin figﬁre 5';; It can bekseenthat even
‘after 4 minutes the bit temperaturéris about 9Q°C vwhich iskwell ahove - the pdiﬁt_

at which the epoxy degrades;‘



P el T e LR s e i e n——— R Ry R P N P I BP0 B TR ey ~gevy,

.005 INCH FIBERGLASS CIRCUMFRENTIALLY WOUND

\\\ INCH FIBERGLASS HELICALLY WOUND AT & 45°
/// 010  INCH FIBERGLASS HELICALLY WOUND AT *.;-

INCH BORON FILIMENTS AXIALLY ALIGNED

R PSR RIS wmmm

,.. “ PR .' ...... "

............

................
....................
..........

/)>>>>>>>>>>>>>\>>>/' ——

//////////////////////////////////////////////////////%g

CENTER  LINE

FIG. 4




140+

DRILL T~ THERMOCOUPLE 1
STEM lp
120 - "*fl— THERMOCOUPLE 2
*4?— THERMOCOUPLE 3
100 fomiLL _L

BIT e
— - il I e
got G g i
— —
— A
- —
o L o e
° L — o
- —
g 60 1 / - /. — —
= 0 gk U S e
ot "l ~ —
@ 40} e L
. ” g p —
e
20 COM_TEMPERATURE, R 4 a a
9 | 2 3 4 5
DURATION OF DRILLING, IN MINUTES

.5

BIT TEMPERATURE RISE VERSUS DRILLING TIME

IN DENSE BASALT




T LSO AP ST VU T S A )

(b) Adapter design: 'As a result of the tests described above
_a nominal length of 4" was chosen for the bit adapter. The size of the
drill bits and boron drill stem determined the other dimension of the bit

adapter.

B. Solid—Faée Bit

1. Experience gained in deyeloping the ALSD coring bit provided in-
formation on bit design parameters.. Point pressure exerted on the rock
by the carbide kerf cutters must be kept above é finite threshold value
to obtain chipping ét the rock facé. If point pressures are‘below the
threshold, the rock is pulverized rather than chipped and the drilling
rates will be much lower than those obtained with the LASD gitu

2. The design bééis of the soiid—ﬁace bit was the ALSD coring bit..
In the first solid bit design a single tungsten carbide'blade was placed
inside the bit shell to remove the core. On the first protptype this
blgde protruded beyond the keftwcutters. (See Figure 6.) |

ﬁrilling rates obtained with this bit were extremely low Eecause of
low.point,pressufes. A second'test waé-made with this bit éo determine
the efficiency of the core cutter. An ALSD ccriﬂg bit was qsed to drill
é hole in dense basalt, leaving the centralvcore uﬁdisturbed. 'This hgie
Was re—drilied‘with theks§1idwface bit as a test of core cutter e.’c'ficiency.“i
fhe Centtal core was removed at a high‘rate. This test showed that it is
relatively é*asyk to break up tlié central core once it is standing about 1/2
inch above thg cutting face. The reason for this is thét the free‘cylind?i—
;al surfaces lead to fracturing of the column bbth in shear and spallation.;
 This discovery 1gad to a final, highly efficient solid-face bit design.

O
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FIG. 6 - Prototype of solid faced drill bit, Note the core cutter protuding
beyond the kerf cutter at left. '

FIG. 7 - Solid faced drill bit, final design. Three of the six elliptical
exit ports for core cuttings are visible,
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The second prototype solid-face bit also used the‘éLSD-coring bit.
However,jthe blade was recessed abgut.3/8 of an incﬁ behind the keff cutters
of‘the core bit. éix eliptical holes were machined into the bddy of the
bit at the base of the core cutter to serve as exit points for the core
cuttings. (See Figure 7.) |

Tesﬁs of this Bit were succeséful, giving-rates of 4 inches/minﬁte in
vesicular basalt and 1 inch/minute in dense basalt. (See Table I.) 'Tﬁis
bit Eonfigurétion has been chosen for the flight-ﬂardware with only minor
modification, ~

- One important gonsidération of. the bit design was reduction of the
kerf width of the annular coring cﬁttérs. Experimental results (given in

Table I and plotted in Figure 5) obtained with bits of threec different kerf

areas, show an-almost linear relation between kerf width and drilling rate.

o

Thé'greét gain in effective kerf area - of the solid-face bit is dramatically

shown by these tests.

é. Core_Rétrigval System: _ . | : | | "j o i
/'1. System Conceptg The core retrieval system'is designed to collect
a subsurface core sample withoﬁt the necessity of reméving the drill stem . -
f&om the borehole. This is accomplished by lbcking a core liner tuﬁe into
the lower end of the dfill stem, driiling tdié depth approximafelf equal to E
the length of the core liner tube and then remcving the.tube. |
WA typical procedure for cofing one hoie Qould be to attach one of six | , %@
éofe liner tubéé to tﬁe cére 1;ékinglmecﬁ;;ism. This assembly is inserted
fin the drill stringkwith an’emplacement retrieval tool and locked in p;gée
Sy rotatihg the‘éoge‘lock capstan;v - The hole ié drillea t9 a depthféglcum
' 1aﬁed to fill the corelliner tﬁbé, the corcklock"ié ;eleasedq.énd éhe"core

e ey P £ Ll ok ey g
e T R T T L L T



liner tube is removed by using the retrieval tool. The sequence is then
repeated until drilling is completed. Figure 8 shows the complete coring
system developed at the Lamont—Dohe:ty Geological. Observatory.

2. Core Liner/Sample Return Container: Thé core liner was designed
to function as both a core liner and a sample return container. Striét
design requireméntsraré placed on it as a result of this dual functioh.

The core tube must interface with the drill stem, core lock and sample return
container and meef the aseptié requirements for returning lunar samples.

- The prototype core liner is fabricated from thin-wall, high strength
aluminum alloy tubing. Testing of éarly designs showed that the tubes wére
deficiént in two areas:.(l) The presence of rock particles which became
lodge; between the core tube outer surface and the inside of the drill stem
made removal of the core assemblj difficult, and (2) core material was
frequently lost dﬁﬁing reﬁoval of the liner from the stem.

Core liner jémming was eliminated by installing a felt“flocgéd paper
seal at the bottom of the core liner (see Figure 2). Th;s;seal effectively
limits the entry of rock andvfocg dust ﬁarticles into the core 1inér—drill
$tem interface and cleans that interface during core liner ingertion..

‘Loss of cored material wés minimized by using a core liner.fitfed with
a core catcher. The ﬁse of fine wires .radially gligned to ihe long axis
of the tube functioning as core catcher proved somewhat successful. However,
a disc of mylar film (shdwn in Figuré 10) cut into 12 triangular segments
; provgq to be tbe most effective core retainer tested to date in dry rock
powderé;’ The core catchér is hela,inrplééé between butting shoulders of a(
sefarate tip sectiqn. "~ The core catcher dis§ is fabricated withva diameter
large enough to;fit in this shoulder and is heldkin place.byrthe clampiﬁg"

action of the two pieces.
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FIG. 8 - A set of coring equipment. From left to right; torque limiting

handle for emplacement retrieval tool, five extension sections

for emplacement retrieval tool, interface adapter section, and

the core lock - core liner assembly.
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FIG. 9 - The felt flocked paper seal winch prevents entry of rock particles
into the core liner - drill stem interface.

FIG, 10 - A mylar film core catcher shown mounted in a core liner sample/
- return container.




'3. Core Lock: The function of the core lock is to hold the coring
assembly in place during the drilling operation.

Our initial core lock design utiliéed phosphor bronze spring fingers
&hich wefe forced-against the drill steﬁ wall at an acute angle, A screw
driven cam actuated the spring‘fingeps; Upward force on the coring assembly
caused the spring fingers to slightly penetrate the drill string wall there-
by preventing movement of the coring assembly.f‘ Tests showed that these
fihgers wereé not nearly strong enough to hold the core liner‘in place.

A seéond development core lock used a ball detent mecﬁanis;.' Twé 0.250"
diameter steel balls were cgntained in thé core lock body. Detent holes
were made in the drill stem wall té accomradate the steel ba1155 A screw
driven cam forced fhe ballsvoutward into the detent holes. Reﬁersal of
the cam motion allowed the balls to retract during corelretrieval.: Tests
in d£§ rock powders reveéled’that the core liner exerted_éucb a strong upward
force &uring drilling that the steel balls actually tore the fiberkglasé
stem upwérd from the detent holes. |

A third and fiﬁal core lock design utilized an exéandable cylinder with
a knurled surface Fo engage the interior surface of the stem. The firét
model of this type had tﬁo tapered‘plugs enclosed in an articﬁlated cylindri-
cal shell. A lead screw drew the plugs together cgusing an increaée in the

diameter of the shell. | A theoretical mechanical advantage of over 500 is
ﬁossible; In.the’final design a simpler vefsiéﬁ of this core 1dck'utilizes
only one taper plug and isﬁarticuiated at only one end.‘ The final.core lock
design is shown in Figures il and 12. ‘Figﬁfé’l3 shows a final assémbly drav-
~ing of the core loqk'mechanism. |

The core lock and core liner are joined with a knuckle type joint mated

by rotating one df the pieces through a 900 arc, pictured in Figure 14,
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Note the separate knurled sleeve.
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FIG. 14 - The knuckle joint core liner tube on left and core lock on right.
FIG. 15 - Locking joint of Emplacment Retieval Tool. This joint transmits
tension compression and torque.
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4. Emplacement/Retrieval Tool: Emplacement, retrieval and core
lock actuation are performed with a special Fool; This tool must be de-
signed to transmit tension, compression and bi-directional torque to the
core lock capstan. The prototype unit c&nsists of a torque-limiting
héndle, five e#tension éections, and one adapter section. The handle is
connected to the adapter section directly or with one to five extension

sections interposed. The interstem joints are not separable once they have

‘been connected except with a special tool.  Ordinarily there is no need

to separate the sections on the lunar surface.

The handle limits the torque applied to the core lock to a pre-set
amount. The eombonents of the core emplacement and retrie?al tool are
shown in Figures 15 and 16.

5. Summary of DeﬁelOpment Tests of tﬁé Core Retrieval System:
Devélopment tests were,carri¢dkout at the L-DGO test facility using a Biaék
and Decker model 723 rotary hammer run at'a reduced voltage to Simulate the
ALSD'poQéf head. A fifty~-five gallon drum filled with’material from the
Martin Marietta Corporation vas used to simulate the lunaf surfacé. Hard
rpé? drilling was'doﬁe in eithér a 17-inch thick block of vésicular’basalt
or an 8-inch thick block of dense basalt. Tests were run gsiﬁg the core
system pictufed,in Figure 8 in a very.lobsebmisture of basaltic~r0c£
powders. The predominance'éf the_materiél was finer than ?hﬁ (over 50%)
but céarser’particles vere alsohincluded~up'to.l/4” across.  The éystem
was shown to take a reprééentativg sample of the pbﬁéers penetrated, how-
evér, the amount of sampie retained was é strong function ofﬁdrilling rgte.
Fér example, driliing at a rate of 4 inches per secdﬁd‘the coré recovered

only 15% of the material penetrated that was above the cotre catcher. But

- at 2 inches per second and 1 inch per second the percent recoveries were

about 35% and 75%, respectively.  These résults show that for effective -
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FIG. 16 - The torque limiting wrench handle. From left to right arc the
top, side and bottom views. The side view shows the actuating
pin with handle and three of eight recess holes for the ball detents,




sampling of a loose material such as the lunar regolith,'the'return is
greatly improved by keeping the penetration rate below 1 inch per second,

or about one section of stem per 30 seconds.

ITEMS DELIVE?ED UNDER THIS PROGRAM

A. Four sets of boron filament drill stem manufactured by the Arthur
D. Little Company are deliﬁerable to the Martin Marietta Corporatioﬁ. "Each
set consists of five ;tandard stem sections and one adapter section. The
stems will conform to L-DGO drawings; BFS lOOORev.\A, BFS 1001-Rev. A, and
‘BFS 110 Rev. A (information included in Figure 2). '

B. Ten solid-face drill bits which will interface with the adapter

were fabricated by Chicago-Latrobe for L-DGO. These bits have been delivered

to Martin Marietta Corporation.
" 'C. Three complete coring systems have been fabricated at L-DGO and will

remain here for further testing.

RECOMMENDATIONS FOR FUTURE WORK

4}{Accuracy of the HFE coﬁla be enhanced by imprbving fhermal coﬁfling
between the drill stem and heéf flow p;obes. Probes and dfiil stem with
smailer diameter énd lower thermal‘condgctancekwould help to make these
iﬁprovements. Coring operations preséntly plannéd do nbt make optimum use
of the ALSD. Modifications to the ALSD including: usé of the 1~DGO coring
system, changing the'drill étem'diametét;“énd 1owéring.the drilling rate
WOuld imprové'the'quality,éf the core, studies tbrdétermine‘thé correct
me%hods of deciphering a éore obtained with~ro£gry~percﬁssiVe dtills‘aré
required; lunar moﬂéls'of various gedgraphicvareaskincludipg those with

stratified material should be cored experimentally.
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1.0 INTRODUCTION

The progrém was divided intﬁ two separate consecutive phaseé., Phaée I
which is reported herein was a design-and mannfécturing feasibility study
 which was dixectéd ab proviqg the feasibility of usgng 8 boron/glass
reinforced composite matsfial fo?rthe Apoilo Lunar Surface Drill (ALSD)
?”'bit'estensions; The problems which were addfesged in the progrém.were'

Sa

NS

" 1. energy transmission
o 20 joint design
“ 3. flute vear

4e thermal conductivity

"l;The following paragraphs will discusgs in detail each of these problem
";‘_areas and describe the results of the vork wnlch.vas conducted in verious

Y

tasks of the program,
2.0 ENERGY TRANSMISSION

: .‘From an evaluation of Eoﬁh the service requirements and fabrication
‘-fi‘limita$ions, a preliminaryvdeéign_concept vas selected: This.concept
. ubtilized a combination of boron and glass filaments. 'Uniaxial boron
‘f¢lamenus were employed to obtaln the highest p0531b1° axlal stlffness and
V}[to eliminzte the problems assocn.m:ed.wn.bhwrapplnb boron at an engle. In “
fact, previous fabrication studies on this componenu ellmlnaued wrﬂbplng
_boron at an angle of ??g degrees from the ax1s, an anvle Uthh would yield
a highly d°51rable comblnaulon of axial and oorGLonal stlffnesseoa Because

'of this 14m¢tthon, angle ply glass fiber were comblnci with the unlaxlul

,boron~t0‘1ncreaso the.torslonal sulffnass inyaadltiqn'to_pﬁoyialng snooth,

¢« T3

~r
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: f non~-splintering inner¥wmd outer surfaces. The non-splintering requirement

?{;jbebOmes particularly acute at the tapered joints vhere it vas hoped that

. the angle ply glass fiber would contain the boron so as to avoid flaring.

~ was its low conductivity.

"', One additional reason for the selection of glass in combination with boron

R . * : Ky s :
~ Several configurations of glass and boron were analyzed using the Aveo

Composites Anelysis Program (2511). The predicted properties are given

in the following tables

“Boron -
. Thickness
-+ (mils)

25 oxial

20 el
’,10 axial :

20 @+ 10

D15 axial

- COMPOSITE PROPERTIES

i Glass"

Thickness

N :(mils)

o uexse
" 19 @ + 45°

.} 29 @ + 450

.. ;19 @'i.45o :

14 @+ 45°
S 1L e ¥ g0

. Axisl Modulus

(psi)

20 bt 106.

16 x 106
‘”'S‘X 106
o 15 x 10@
* 12 x 106

TA.7 %10
1.3 x 10

© Shear Modulus ,
(psi) .

.. 103 X 106 -

1.3 x 10°

1.4 x 100
i
6

After investigating the thicknesses of glass filament that are comneréiolly

available, it was decided to select as a first attemph a configuration-

wtilizing 7 mils of glass fibers wrappsd st + 45 dogrees on both the

imer and ouber surfaces and 25 mils of boron sandwiched between. This
7 combination would result in a total wall thickness of epproximately 39

. mils which is just short of the 40 mils required, This configuration

"yielded‘the following predicted'méchanical;properticsz

Axisl Youngs Modulus = 20 x 100 psi

' Torsional Shear Modulus

= 1,7 x 105 psi




- The Ry 8° outer wrap was sel_ected because of the 8° helix anglé of the

{ ~* . 4
vl | Subsequeh'b fabrication studies é.nd the cost of very thin glass tape%
',.. required that 1/ mils of gldss be used in the inner and outer layers
r‘:;;".ﬁth 15 :‘mils of‘ borpzi gsandwiched between, The final qpnfigurs.tion‘ selected
pEs "  .~ was the ;{’Qllowing | . |
' a) 15 mils axial boron |
| Co b) '.:‘LA nils @ * 450 glass for imer layers
- p)l 11 nils @ j;\ 8o 'glass for outer layers

-

| flutes. It was folt that this. would snsure that glags f£ilsment would no%

. be cubt during the machining of the flutuss end would improve the wear

B characteristics. The properties prediclted for this configuration by progrea

« 2511) were the following

- Axial Young's Modulus =12 x 106_psi

~ Shear Modulus =13 x .106 psi

PR ", Several. tubes of this configuration were fabricated and cut into test

" samples for mechanicel and thermal property messurements. The average

:7 .7 'mechanical properties measured were

s

i

| ..I:sxial Young'!s Modulus =:11.6 xleébpsi'

' "Shear Modulug =5105’7 x,106 psi
| r'v~Poi.sson's‘I‘i{a‘oio“ . ‘ =‘ 0.20 '

-7 A'typical compressive stress strain curve for this configuration is given

in figore le
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Several tubes of this configuration were tested in an sctual drilling
' enviromment. MNone of the tests were successful as far as total operstional

requirenents are concerned but from all indications it seemed that the

energy trensmission characteristics of the tubes were good, When it was

';TA“,' possible to measure a'drilling rate, the rate was comparable to that of

the current titanium design. It is, therefore, possible to tentativély

Woe T

conclude that this configuration would provide adequate transmission of

.- .. . percussive energy in a drilling envirorment.

“:3,0 . JOINT DESIGN

Y

o PFrom the beginning of the program it was recognized by all concerned that
Lo success depénded;heavily upon developing a joint which would meet all of
2w the design requirements. To expedite this development it was decided early

*n_in'the program in conjunction with Lamon®t Geological Obszervatory to faebricate

two full size bit extensions complete with flubes and provide a joint design
-t B - . o

o . | . 6
- Csimilar to"that shown in plan No, 38597, Hole Casing String Apollo Lumar

. Surface Drill, Martin Company, Martin Marietta Corporation. This was

=7 :Y - acoomplished and the tubes were tested ab the drilling best bed located at
7 “Martin in Baltimore. The test was a failure in that the joint failed
'.fﬁfﬁvimmediately'when driliing begane It was decided that this first attempt

_ab fabricating a joint produced joint of wrather poor quality from both a

o . . fabrication end a machining sbtandpoint.

- A meeting was held the following week at Aveo between Avco personnel and
 representatives of Lamonl Geological Observatory. At that time it was

decided to fabricate ancther joint of the sams design making every effort to

“improve the fabrication quality and to provide more accurate end higher

N

-quality machining.

Al
PR




'-5; In‘addition’a new joinlt design was proposed by H. Gibbon of Lamont

"{53Geblogical Observatory in which the wall thickness constraint on the joint

. ;was relaxed thereby providing the possibility of increased strength in the
. joint area., This design is $1lustrated in fiéure 2. Although the design
" .. represented a very difficult machining effort, it was decided %o fabricate

a joint of this design for subsequent testing.

:Both joint designs vere fabricated, machined,end supplied to Lamont

'f_"Geoloclcal ODSOL’abOTy for testing in simulated lumaxr suxface test bedo

"'The quality of these joints was superior to any tbat vere previously

- fabricated and the machining of the joint was extremely precisce
g L , J

]

The first joint vhich was of Lhm origi nal ae31gn foiled durlnﬁ testing at
LamOnt Geoloﬁical Observatorﬁct Itq pafJOfmance aJthough supp rior to previous
vtests’was far JIom.bhut vhich is requliedo An exemination of the failure

indicated that the bowon had sbarced O "broom“ duri ng the test., This

"]}phbpomenon is Slmala: to Vh&h oceurs when two dpae brushes are,puShed toveﬁher.

| To correct this, H Glbbon of Lemont G ologlcal vatory sug ggested bhat a
| metal insert-be incorporated in the deSign.so thaﬁ'the'energy would then

~ be transmitfed from thevboron in one,tubé through smooth metal éﬁrfaces to
thé boron in the bthéf tube. It was dbClQ@d to incorporate ths idesa in the
= $ccond joint dosigna 'The metal.lQ L ig illusbtrats d‘in the joint dreawin g
(figure 2)9 1he new JOlnt de 3i.gn was éub:cquent y tested and felled. This

© failure indicated a lack of axial sﬁrength in the outer layers,ofwglasso

At this point 811 pOSQIble aluQIﬂitLVOQ had been ﬂtbﬁmptea to da te within
the alloted funds w1bh0u oblaining a vecessful joinbe Furwher joint
development would hsve to be funded either y_noneV'whiCh‘hadmbesnfalloted :

- to phase I1 or from a new source.

~ - a
« DY
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Avco suggested that any future joint . development work in ths program should

- -

1:_§{ffifiﬁcluda;the use of a glass fabric for the ocuter layor of the tube. This

" was prompted by the fact that the existing casing tubes are fabricated
j.,?" ;'from glass fabric and have never exhibited fallures of the type which have

- - been experienced thus fer in the program.

'Lamont Geological Observatory sﬁggosted that Avco seck the assistahce of
. Mr. Wilson of Arthur D. Little}Coc'ﬁho is an'eiper% in advanced filament
Awinding techniques. The basis for this suggestion was the féeling that
'Athe problem with the joint;failures stermed from filsment winding techniques
:and-a resulting part of poof quality.  Aveo did not agres with this viewpoint
f:since the tubes fabricated by Avco-had,mechanical properties gt least as
4’high.and often higher than those pre@icted analyticallyo.rThis difference
of opinion will never. be solved satisfactorily, however, sincé Mre, Wilson

proposes to fabricate tubes with outer wraps vhose corientation will produce .
‘ . : : i

“7 . mechanical properties similar to thoss obtainable from glass fabrics which ¢

xgiﬂvco had proposed.

'QfIn a final attempt'to maintain the integrity and continnity'of the progr&m

SR N

aﬂiffkf;TAvco pfopdsed that limited funds be made available to Mr. Wilsoa for

;.7 - . fabricating a joint of his design. The cost for this effort would be
~absorbed by phase II funding, but if Mr. Wilson was successful, fvco would

complete Phase IT of the program for the original negotiated sum minus the

. amount required for Mr. Wilson's effort. This proposal ias unaccepbable to

Lamont Geological Observatory who decided to fund Mr. V" jon indopendently
from funds vhich wers available for Fhase IT end to ceucul Phase IL funding

1o AvCOo.




€%% .
. k“
In conclusiop it can be stated that the joint problem has not been solved
at this time., A myriad of suggeslions can always bs offered which might

~ prove the feasibility of the concept, bub availoble funding will sevefly

1imit the number of these approadhes that can be attempted.

4.0 TIUTE WEAR -

{';ﬂ,fThe wear'charaétefistics end the design,of a flute fabricatéd from a fiber -t
'yﬁ;'_?.reinforced plastic wag of prime concern.at.the incoption of the pfogram;
o Farly in the program it was decided that the existing flute design vas the
‘flmost feasible fron a fabfication_standﬁbint and ettention was directed at
ﬁifindihg veys o improve.the wear qhéracféristics of the flute.
7'iTo ﬁccofplishtbis Aveco propﬁseﬁ thalt various aﬂditiVGS'Eé incorporatéd with
»;%he-resim'utiiizéd in the design. The addibives cohsideréd were“

i a) graphite powSer . ., R 7

Ty

.l ;'b) _beflon

' ¢) chopped silica

These tesbs were inbended to give a quelitative assessment of the effects
 that these additives would have on the wear characteristics of the tubss,

~-The test. specimens were febricated as shown in figure 3.

P

N JEsT L1 il

N

U fsmae T Wegr JEST SWEemid



5.0 TIERMAL COR DUCTIVITY

' fallure 0F the eneiv e riﬁant deoanocd hraxulj vyan.keep:n” thia p oporty

T T S Cox e A

. The tests vere conducted in an Avco weadr tester which incorporsted an
abrasive wheel which rotated with Jlﬁtlo or o normal force ageinst the
curved face of the test spescimens. The vear of a particular sample was

-assessed by measuring the amount of test naterﬂal ‘Temoved from a given

sample after travelling a given poripheral distance. 'The results of

. these tests are given in the following table. -

WEAR TEST RESULTS

Miditive Wear after Wear after
travelling 1000 £ .uraveTllng 11,000 £t
graphite | <0131  Woxn through

.| powder

teflon, <003 1 027

chopped ~ o 0004 019
Cglddea 0} . ' v :

None i | _': %010 o Wora throvgh

. It is apparent from ‘the tablc bhut “both uvflon ‘and dhoppaa silica provided

improved wear characteristics for the Ttubes end boLh qhould be as sessed 1n4

any future development programso

The thermal conductwwltv of the final couflguratlon of the ALSD bWb extensions

i

was of prine iﬂ“Of’an 0 hroug uout the enbire program 81nce thq sucass or

~
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3

"at a loy level. Samplés of the final tube configuration described in
section 2,0 (3 layers of boron) were submitted to Avco's Thermal and
Chemical Properties Section for evaluation., Figure /4 gives the thermal
conducfivity as measpred axially‘in:a vacvum for the test specimenso
The values of conductivity obtained are in the range of ceramics. They

afe~higher than optimum but_acceptable for the current programe
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REPWDDUCBHHW’OFT+E OPI IS POOR.

THERMAL CONDUCTIVITY MEASUREMENTS OF BORON-REINFORCED FIBERGLASS TURE
‘ .

I. INTRODUCTION

Tue ALSEP Heat Flow Experiment will use two heat flow probes each
eugAac ¢d in a 3 meter borehole in the lunar ‘surface. The borechole wil®
be cased with a boron-.einforced filament-wound fiberglass tube used as
the drill steam. The temperature gradient and thermal conductivity
measurements made by the heat flow probes are influenced by the thermal
properties of the borechole casing. To provide data needed in estimating
the eifects of the casing on the probe's measurements, we measured the
thermal conductivity of a typical section of the borehole casing.

II. METHOD AND APPARATUS : !

The lengitudinal heat flow method was used to cvaluate the thermal
conductivity of a prototype section of boron-reinforced fiberglass tube,
15 1/2 incbeq long After carefully measuring the tube dimensioas, four-
teen 0.003" diazmeter chiromel-constantan thermocouples were cemented in
sall holes crlllcd into the tube. Most of the thermocouples were
lccated ia the boron layer of the tube; others were located in the
outer fiberglass layer. A 1000 ohm wire wound resistance heater was placed
inside the tube at its midpoint and cemented to the tube with Dow Corning
340 epoxy. Copper end plugs, with cooling coils, were fixed to each eand
of the tube. The void space within the tube was filled with open cell
urethane foam of approximately 2 1b/fe3 density. The foam conductance is
very nuch lower than that of the sample and can be neglected. The outside
suriazce of the tube was insulated with approximately 12 layers of multi-
layer insulation -~ each containing an aluninized mylar shield and a
woven fiberglass cloth spacer. The insulation was applied in a continuous.
wrap; the thermocouple wires were led out from the casing sample tube
within the insulation. A schematic diagram of the apparatus is shown in
‘Figure 1.

The boron-reinforcchtubc, together with thermocouples, end plugs,
heater and insulation were placed on a laboratory vacuim table and
covered with a bell jar. The assembly was evacuated to 10=2 Torr or less.

" A constant temperature fluid was circulated through the coils of the
end pluzs; electric power was applied to the heater using a controlled

dc power supply. An experimental measurement consisted of: 1) providing
a controlled temperature fluid in the end plugs; 2) applying a constant
electric power to the heater; 3) 'waiting a sufficient period (8-24 hrs)

for a s-cady state temperature distribution to be established in the tubes
4) recoriing the thermoccuple emfs (using a L& type K-3 potentiometer and

piEll o ) and the heater current and voltage. Measurements were made at
theet "araturc levels: rocm temperature, 230°K and 330°K. Tomﬁcraturc
Beasbicecnty wara accurate to shout + L,25%C,  Several heater poxnr leved
Vel unac, buring thoe medstscimanty .i;.:fl.n;',l‘:','-»l, when 3t vas getormined thal
radinl heat lewses were extensive, an cdditdonal laycr of fiberglass in-~
sulation, aj; inately /2" thick,was added to the outside of thae alread

]
: Sy
iasulatea bore tube.
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III. RESULTS AND DISCUSSION ’ g

The 5*iginal concept of the measurements required that the radial
heat interchange between the tube and its surroundings be small so that
one dimensional heat flow in the bore tube would result. Under these
conditions, the temperature distribution in the tube should be linear
and the conductance of the tube (the conductivity-area product) could be
evzluated from the heater power and slope of the temperature — distance
curve. Because 0of the low conductance of the tube, its relatively
high surface area, and the low insulating effectiveness of the insulation
applied to the tubse, radial heat flow was significant in almost all tests
and arn alternate method of analysis had to be adopted.

Figure .2 shows typ;cal Lemjelature profiles for several tests at
room temperature. Note the linearity Tor tests 6 and 23 and the -
curvature for test 5, High and low temperature test data are shown
in Figures & and 5. TFor these tests, the large radial heat flow
made it difficult, if not impossible, to derive reliable values of con-—
ductance at low and high temperatures; however from tests at room temw
perature, particularly those where sevexal power levels were usged,
reliable values of conductance can be ‘determined. '

- A, Room Temperature Results

. Test runs 6, 7, 14, 15 and 23 were coénducted at room temper-
ature with a relatively low power spplied to the hcatbl. Because of
the small difference between the temperature of the boretube and the
surroundings, radiat

iatlon losses were small and the temperature gradient
along the tube was almost linear. If we assune negligible heat losses,
the conductivity- area product can be calculated from the equation:
: . ) . Mh B ..,.gw B (l)
AT/L

wvhere q is hialf of the clectric power applied to the heater (one half
flows in each direction), and AT/L is the tempersture gradieat. The
results arc shown below: '

Test Heater Po””r | Avcragc Tepparature .. kA e
T o i (wat g Ky (watt cm/“K)

6 . ) 00/0 , 1300 L 0.012

7 Cotta0075 L o 3000« L 04012
1L Cooheo3t . 296 0,013
9 L0077 . 299 - S 20,015

23 S WCo79 - T - 301 » - 0.013

s .4 ‘ - \ 7,.“ ©
ndicate that the conduc tance s probebly 0,013 % 0.00L watt cm/°K.

e

and 3

D



However, careful examination of the tcmperaturé-distaﬁce~plota
show some curvature, particularly for those tests at higher heater power |
and at locations near the center of the tube.. This is expected if heat .
is lost from the tube to the surroundings.
| As an alternate method of evaluvating conductance, we assumed
- that the hcat losses were proportional to the difference between the
average tube temperature, T , and the ambient temperature, T . Then
the electricel power dissipation can be related to the lossees and the
heat £low in the tube as follows:

’

qhu p;8 rr -~ i ..
+- hﬂb T =17 . 2
T (T - Tp) WL (2 = T) L@
|ll\' '
where Tl and Tz are the heater temperature and heat sink temperature,
D is the tube alnmetor, L the tube length between the heater and the
~ heat sink, and h is the heat tranchr CUCfLLClGﬂLc Equation 2 can be
~ rearranged as follows: ’

- o [N . .‘;.l

q. k& (T - T.) .
n X Z '
: P =2 P - + haDL = ~ e (3)
. (T =~ T) L (L L) ' " .
For an almost Llnu 27 gradient din the tube Tm “ 'T1-+ T2
T2 :

A plot of q /(T - T ) wversus (’1‘1 T )/(I - T ) should give a straight
line of slop XA /L ®and int erccpe hn DL Fhus plOVlGLHU a means. for
estimatir kA /L aal h.. Figure 3 shows such a plot for the room
Lcmpbrhbhwo dzta, including the points where losses may be significaut,
- In drawing the line through the data, the results of test 17 were
’ weighted only olLbhfLY because of'Lna small temperature drop along the
tube (0.45°C) and small difference between the ambient temperature and
the tube temperature. Similarly, in test 5, the data point was discounted
since the heat losses were the greatest and . the temperature-distance
curve was decidedly nonlinear.. ¥rom the slope of the plot of all other
data points from tests at about 300°K,. the value of kA is found to be
approximately 0.0L1 watt cm/ K == slightly lower than that assuming no

-

heat losses. From the 1nuerce1 , we flnd that h = 2 1 x 10-6 uaLt/cwl°*,

+34”

The radiation heat losses during the tests can also be estimated

using an axaLTL¢c9l model where a cylindrical fin of length L has its

ends held at temperatures T, and Tz‘and is radiating to surroundings at Lo

he tcmperature distributic. in the tube is:

T = ('1’.1 - T52~sinh n{L-X) -+ (T, —,TO)'Sinhkme o )

ratures at x=0 a nd at \wL regpectively.

21 oud *"pu"lmcata* thuvn*nture‘prﬁxil ¢a, the

roA
o estimated, wharc: ‘

nlL ~!9%P; )L, LR )

i : . S [ R
‘:)... . ) . ) . [} 1 ~ * ]
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N ’ . . tv kl\ ‘v 2 c' '
. h o= > mh x - R 3

-t In Figure 2, theovetical curves are shown for mL = 1,0 and wl, = 1,2,
“-2iThe boat match is obtained at about mL = 1.3 which corresponds to a value
of : N

.

: : | ( Oll) ] o
. : N - h = ﬂ(z'J) <:\ :) & x 10~ watt/cm | (6)

This test was conducted before the 1/2" xlberglass insulation was
installed and represcnts the effect of 12 wraps of multilayer insulation.
The equivalcnt emittance factor would have a valuve of ¥ 2.013. The

o =

theoretical factor for 12 ideal wraps having an enlssivity of .025 per

suriace would be about .001. The actual insulation performance is less = .-

good than anticipated, although the ideal value could not be achieved in -

practice because of cifects.such as 1) the conductance through the

spacer 2) the spiral wrap (instead of floating concentric shields) 3)

presence of  thermocouple leads 4) o])ghtly tight wrap.

, following #16 were run with additional insulation -installed

multilayers. Onc might expect to see.in Figure 3 a displace-

en data from tests 5, 6, 7, 14 and from tests+l7, 19, 23 which

cate different values of the int cxccpt or equ:valcnt loss

ent, h. Test 5 may reflect this effect. However, tests 6, 7 and °

had "cold end" temperatures below room temperature so that heat

lost to the surryoundings near the warm end and gained near the
Net losses would be small for these tests and would not give

timate of h. Close exauination of the temperature,

est 6 (ﬁigureyZ) shows this effect since the data actually

bed curve around the quaLghL line dravn. 9%he slope

antly with distance from the heater at tue warm end

heat loss. The opposite effect can be detected near the
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B. Bigh Temperature Results

.

' Data at about 330°K were obtained by controlling end tempe
at abou., 65°C. Data from a ‘typical test are shown in Figure 4, This te
conduvcted at a hlg power lovel and the shape of the curve is
indicative of substaantial heat losses. In earlier tests with no power and
with low power, the heater ternperature was aCan]jj lower thaun the ceontrollad
d temperatures since the systea was Josing heat to surroundiugs at about
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The same fin model described in the previous scction (equation 3)
again is applicable and allows an estimate of losses to be made using
eqs. and o. For test 51 shown in Figure 4 and for the q = 0 test, the
best match was obtained using mL = 0.6. This corresponds to
> _,011 0.6 * - 1.9 10-6 : _watts
w(2.5) 17.1 e " emZ °K 7

or ¥ 3:ix )10 = : .

e 4(5.67 x 10~ ]2) (350)3 = '002 (&)

Tnis is ifor the system after addition of fibcrglﬂs insulation over the

multilayer wrap. %The magnitude of this value seems reasonable and is 4in agrea=

ment with the value of h obtained from the irtercch of Figure 3,

30 Lov Temperature Results : :

Figure 5 presents the temperature profile for a typical low
temperature test. In these tests, the coolant temperature was con-
trolled at about -65°C. Since the surroundings were at about 22°C,
in these tests heat was flowing through the insulation into -the teot

. section, The shape of the profile in Figure 5 shows this effect.

The fin aralysis icdicates that mL & 0.7 for the low
temperature tests., The equivalent value of h is about 2.3 x 107
wstrs/~” °K. This represents radiation from ebout a 300°K temperature
level and would result in an estimate of F F_ .7 .004, However, since
the outer insulation is now the heat sourcg,c the effective area factor
F_ is likely to be greater than unity.

<.

IV. CONGLUSIONS

l. The mcasured conductance of the boron—rein;orcpd epoxy -

. fiberglass casing at 300°K is about 0.011 watt em/°K. This value
has an accuracy of about + 10%. =

2. Tests at 230°K and 330°K temperature levels give results
consistent with the room temperature tube conductence and reasonable
losses or gains of heat through the sample insulation. These results
are not suvificiently accurate to allow an experimental determinatiean
.« the couductance variation with temperature level.

3. Precvious predictions for casing conductance based on geometry
d literature values foir boron, tungsten and epoxy-fillberglass
indicated values of kA = ,025 watt cn/ K at 700°n and = ,020 watt cm/°K
st 300°K. The difference in predicted and measured conductances
srowcily Is due to uacertainty in thz conductzinca af the boron fibers
vhleh represeat 7574 of the casing conductance. o data for boron fibers
werclocnted,s0 literature values for boron try:: ‘s (1) ‘wore used in the
caiculacions. Deviation from a pure crystallin. “cm would lower con-

dusrance, therciore the measured values are con: o —ont with expectations
boeed on tae predicted values, The 10Z decreag. . conductance between

s



200°K and 300°K reported in the
the experimeantal data.

V. RECOMMENDATIONS &

The follbwing values should be used as axial thermal conductancee

for the HFE drill casing

» L ~
[T |‘-‘ L
AR .

e vt R
.. v .
'y

¢ S

.
“
.

literature is probably applicable-to

!

011 +,001. watt cw/°K at 300°K &

. ’ :
t LN

kA = 012 o .OO& watt cm/°K at 20Q°K .

o
kA =
x |
i
. «
. |
- .. |
. H
A b [ ]
‘ ) :
:
|
%
. ;
s .

o —a - .

i

( DE Lnumpsoh,_J.C, and W. Jc mCDo 11

*
.k
0
LR} .
» .
o+ - * .‘
»
. .
R ‘
hd -
B .
. .
e
) . '
e - P
)
. . .
.
.
-
- .
“ v .
¢ -
) A
4
. .
. . ke ' 2y
* 4 - . .
o -
¢
’ [ ¢ S
» P
-
.
.
N ; ’
o8 v 2 - [} P -
’ < LA ‘
] <, .
- +
SR . b .
‘ F
B * Kg .
. v
s
o
N .
R ]
v L}

Wiow Temper ature Ther nal Con

d
of Boroa" in ;avleg ,»orcﬂ," Vol. 2 Plenum ('903}

L

’y



= il Yo Ll "% Py o e v el DR e
s RN A e e L T pos . > . L ; ‘ ’ ) ‘ i ¢ 0O
. it ¢ . . it "
b
™

&ila b ! |
/ Lad IR T - i i n
il e ' : i : N _. ,z.‘ ,.

‘/ TIIITT //4//////////////_/’/f AT2Z77

——

e C“(’ - L el R

—— - ——— - — . ———— " 1- ———— - — . —— - p . — ———————— o
i i U ] {ettirmERIaRTiR i T
o — .“ Sonw- S—— 1
— cuisin e
» Aty - ) e e et vt 2 & ¢ ot ) e, il Nk . J. e
il bt i e e "".'_'.'_‘,',_."“__‘,‘.Z it ] ! N v i B T PR 2 : > e e e St ..»\.1._-_‘.:3 ;
——— i b 2 \\
- " “ -

AT \ ‘7ure.'ﬂnk rﬂo,‘

-

| -
-y -

.;\o.r.m

. e

..,...... .

F \3::\9\ ss er

A it DIl -...-a..,. o C——

vsf'\)\o mz

T)a rm_o co-? "K

HBYD:

-

e e TR .o:.‘

‘BOSVH "FOTINANYD

- - - oo?.‘ ngxs .

JAVATTTTTTTaIANONM LY

B -

. ————— - —~———_y
N~

1LvQ

Q" """ ON L32HT

.--....d




. . ————

A G AN
,

R
N

. 2
5" b
i
sl MO As
} o
4 s
L. . 4
: ! ! .
v i iy
t 4
\ o 3
h ] -
- Lk P
]
1
%
! "
)
'8 o
&

— g —— - o

1y paei-bdod pd b

y 4 SRR S kRt e s
it liitd SRABRAIIMAS-MESLi i |
sk qugeipr .

B Rt




o - - ——

- g

cmes Bne
SR et 4 PN s < S0 a7t Senrl

9

dawon abvwns

cemgmaa:
— e

Cesrmacene s

c— - ad s mmed .
bomantns .

Pt
P e B

Ppofed bo-pdh poo

drswnos mmoa.

lacs

-

P

ey madeties el SRS PRIRTS PRI L S T
————— vt o . e -

vee ke seinn ye
- — o -




- i S e o g MR T -
o S i e o8 I "l"‘,c\

S
NN

" N es k Py iy
" t o ‘ ) 7 .
3 ) 1 D
-s”"i""’“f’ BB P 3 " ‘ g

e '

’

=

FARE . a2

bvmnd o ....f.-..¢. Rt

B .
y »

' y

f 4

) .
A "

B

PSPl Sippe .
SS44 $P3TL1 $0be Prdpdidati
Pucagi Dereizgl g gt (RapOTy G G

-

A imtsiel) Borel e A paatens

——— . —
o!.‘; .."'
£V )N g

-




i i o i " 1SR g o W o T M 2 S e

oS

e

-

3
g
$ s
| G
* “
) ?
} 34
: -
. 4
'
M b
: DY
|
¥

' . - \

ydeb i (bl yarsladbd Biidea b Uil Lok

\
f

- ———— - —— —— . {———

L e .« o A

-




LR RS W U SR B 2T

PRELIMINARY REPORT
Drill Tests During January
at Lamont-Doherty Ggological Obseravtory

of Columbia University
Palisades, New York -
5

M. G, Langseth

Richard Perry

This work is being done under a
snpplementary agreement to NAS 9-6037

‘ January 26, 1969



“Pugpdse: ' o ' . .

1. Test the new taper joint fabriéated by ADL. -

2.. Determine the drilling rate with the solid~faced bit using three
types of drill stem: titanium; bbron reinforced fiber glass, fibep glass
with,axial giass corge.

'3, Determine drilling rate using the new 1%" diameter bit.

Procedure:

‘Teég of taper joint: o

. Rup.the new taper joiﬁt fqr a‘shﬁrt pe%iod in the bgrrel.of basalt
dﬁst. Run,driliing tests in the dénse.basalt block.fo; a total of'ébout

five minutes., Then run drilling tests in vesicular -basalt for five minutes.

" Equipment:

Blackiand Deckerrotéfy pércussive diill model_#723.'.tamént'drill test
faciiity;.ADL_boron.feinforced epoxy’fibeﬁ glass taper jointlnédel #2, ADL |
borontreiﬁforcéd epoxy'fibey’glééé drill‘steﬁg two jbine§‘20" sections, |
" ADL fiberglass tube akiallyureinforéed with glass fibers; ALSD}fitanium
drill string. Four ﬁypés'ﬁf Chicago-Latrobe drill bits: the 1.027" dia-
'méter solid-faced bit (Lamont modificatiom), the»13027" diameter coring bit
(flight.coﬁfiguration);‘i.125"'diameter cbring bit,.andll;ZSO" diaﬁeter cor-

‘ing'Bif;

""Description of tests:



. . N N

. Test Test | Type | Type Drilling Penetration
Number Material Bit Sten : Time . Start End
1 Basalt Core Boron 15"
‘ Dust 1.125"| Taper
Joint

‘Remarks:

At the start éf driiling the top of the female joint began to discolor
immediately and a fine yellowish—wﬁite powder formed in front of the steel
reinforciné ring on the female joint. After drilling down once, the joint
was slipping fieely and was very hot.

‘Diagnosis:

Precise measurements were made of both the male and female joint. with

. the results shown below.

=% . S el
4 1 T R ey s
B B A
.969 ,971 .977 ,992 . .960 ,971 .977
¥ Y J J
- MM“" T 2 3,

From the measurements it is clear that the .two tapers are a snug fit
when mated up, Initially however ‘the male should be ,004" larger on the

diameter point for point so that radial stresses are built up when the two

joints are firmly mated together. It appears however that one of the joints
’Had given so that this interference was lost. Later tests showed this ex-

.

pansion was probably‘in;the fema1e;f



3 .

January 24th we tried to'Bring the female back down to’gize by means

of brass hose élamps. However these hose clamps eééily shook loose when:
percussion started. Tests with hose clamps yielded results simiiar to

those on the preceding day.

‘Tests of drillinge rate:

TABLE 1: ResulLs of drllllqg rate :estq Janvary 23 & 24, 1969.

.......................................

Test Bit 1 Stem " Peénetration Drilling
. Number ' <Sta1t v Stop ‘ Rate R
1 " Solid | Boron | .0.211 | :1.248 | 1,037 in/min.
1,027 | ' | ~
2 | . solid Boron 1.248 | 2.239  |° 0,991 in/min.
- 1,027 : ‘ -
3 | solid | Tiber | -2.239 | .3.156 |- ©.817 in/min.
1.027 | ° Glass | P ‘
4 Solid | Tiber |.3.156 | 3.971 ~ 0.815 in/min.
‘1.027. . Glass | . : R | .
.5 Solid | oxon |- 3.97L | 4.94 | 0.973 in/min. |
] 1.027. N S L e T
6 Core | Boron | -0.161 .| 0.480  0.319 in/min,
- 1.250 | N - f E )
: f . Core fiber 0.480 0.744 ? f-j0.264 in/min.
] 1.250 |  class | | RS P
g Core | Titanium | -0.74% | 1.051 0.460 in/min.
| 1250 ' A - p
E I Core Fiber 0.066 ° 0.593 | 50.527 in/win.
| o '¥ 027 Glass : | R '
12 | Core  Fiber 0.978 | 1.422 | 4Q;444 in/ﬁiﬁ;
1.125 | - Glass | — s .
13 Solid | Titanium | 0,601 | 1.445 0.844 in/min,
g 1027 | » -
—

The flutes, which also have a diameter of about 1. 250, Jamned on walls
of hole,. Thls can be cured by cuttlng dnwn flutes.
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Test material was densc¢ basalt. The duration of c£11 drill tests was,

one minute except for test 8 which was 40 seconds.

‘Discussion:

| ~Tapér joint: The cause of the failure of the taper joint was the loss

of the interference fit when the joint made up. This appeared-to resulf
from the expénsion of the.tapered female sleeve, Secondary effect was the
actual grinding away of material on bo?h‘taper surfaces when they‘rotated'
relative to one another. quever this grinding would not have occurred héd
the female sleeve not expanded. .

This ié the first time in the de%elopment of the tépcr joinf ‘that we
hgye‘had slippage dua}to torque once the joints were mated.-‘ln my opinion
this was due to intrinsic weakness in the.feméle,sleevé; The glass fila-
ments are interwoven gt 45° to the axis. fhié weavé_does not have very
high circumferential strength fhus allowing the sleeve to expand under quite
low ra@ial stressés. |

" Secondly, the inside faper'of the feﬁale“sieeve has_been‘reiieved whérg

it joins the body of the stem so that when the joint mated, 211 of ‘the strain

was taken up in the sleeve alone, Earlier the tapers were straight and

%ome af tﬁe‘radial Straiﬁ had td be taken up by the body 0f £he”drill stem
Eeyond theyéaper. In addition‘this model of the taéer’joint had very strong.
steel reinforcing ring inéefté ﬁhich prevehted_the;Stemkfrom giving radiélly. 
‘These difficulties can be overcome by: ” |

~'1; Strengtheﬁing‘the femalé}taper sleeve by a circumferential wrap of

A glaésjfibers.*

k2. ,Return to the straight taper so that the body bf'thé‘stem helps take
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‘up the strain when the joint is mated.

‘3.“Remove the steel reinforciné rings to increase the radial yield of
the stem on both the male and famale;

Removing the steel reinforcing rings resulfs'in,a secondary problem.
Some cladding must be provided to end off the boron filaments to prevgnt
them from delaminating under the stresses.of drilling. The drilling per-
formaﬁce of’the fiber glass (see the results of the drilliné rate tests)
suggésts that 1if we end offAboron'%iléménts with circumféréngial giass
filaments_there is 1itt1e'ldss in fhé'percﬁssive.energy.

The removal of the steel reinforcing rings will greatly improve the
thermal performance of the drill stem, since it will have avuniformly low

conductivity along its length.

-

Discussion of the drilline rate tests:

To make drilling rate comparison tests we used a block of very dense
basalt, This rock is quite uniform in hardness and téxzture throughout and

numerous tests show that quite repeatable drilling rates are obtained in

different parts of the rock slab. The test results presented earlier and

‘the results of tests taken the first week in Januvary are given in matrix

form below. ?rimarily we vary the drill stem material. With each type of
drill stem we used four different bit configurations‘andvsizes;

5 atnrng wis w2 D AR L T 0 o8 F £ e P g
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Typé of . - ‘

_Drill Bit 1.027 Kerf 1.027 Kerf 1.125 Kerf 1,250 Kerf
Type of Solid Area Core  Area Core  Area Core Area
Stem (0.821) (0.391) (0.558) (0.789)
Fiber : ‘ - 1
Glass 0.82 (2) 0.53 1) 044 (1) 0,26 (1)
‘Boron . | 0.99 () | 1.20 @ |o0.71 (2 0.32 (1)

- Titanium 0.84 (1) 1.10. () |o0.65 @) | 046 (DT

All tests were made in dense basalt.

% ‘ :
All tests are based on drilling one minute except that marked with an

asterisk whiéh lasted 40 seconds.

Number in parentheses gives number of tests averaged.

The solid-faced versus the core bit:

The low ra?e when using fibex glass stem.and a core bit‘l.027n{in dia—
meter is'£hought to 5é atypicél. ‘The resuits of comparing thé two types”
of bits with thémbo;oﬁ and titaniﬁmaré:probablylmore valid. These reéults
indicate that therenergy required‘to bfeék‘uéythé core féduces the‘dyilling

rate about 15 to 20%. This reduction is certainly not in proportioh to the

volume of rock being removed. Thus a solid-faced bit can be used on the

ALSD with very little reduction in the reliability.

" Comparison of bit sizes:

Comparison of columms 2, 3 and 4 summarized in Figure. 1 show a reduc-

tion in drilling rate with kerf area,
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..................................

- ' ' X Boron Stem
S I R [ Titanium Stem
Drill rate \\ @ Fiber glass Stem
- in/nlin PO . . . EF\ PN ) .’ P oL s L.
° . 1.0 N\
\ , )
] "'}i< e o 3
; \ j\<
' R BECEN
3 <
ol AN N
¢ c‘)\ - . \.‘\‘[':>
~ooT
>0
0 - - . -
.2 A .6 .8 '1,0.

Kerf Area inz'

Figure 1. Drilling rate versus kerf in dense
basalt. Lo

To a first approximation it falis off in pr@porfion to the kerf area.
This plot clearly shows the great advantage of Laﬁont solid—faced bit de-
Sign. : A

“One véry.impdrtanfﬂcoﬁsequénce of these té;ts'is toﬁshow thét the kerf

area must be kept to a minimum. In making a solid-faced bit 1.125" in dia-

“meter it is desirable to keep a kerf width 6f.141° Thus the kerf area would

be'0.436 and we can predict a drilling rate of a core type bit of about 1.0
in/min with titanium or boron stem. With addition of a core breaker the

rate would probably be lower to about 0.80 to 0.85 in/min,

Comparison of different types of drill stem:

‘Table 2 shows”that‘the results of boron reinforced epoxy_fiber glass

stem are very comparable'with7those.obtained with titanium. - However the
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REPORT OF TESTS
TO MEASURE THE RISE OF BRIT TEMPERATURES
DURING THE DRILLING OF DENSE BASALT

by

Marcus G. Langseth, Jr. and Richard Perry

Purpost::

- s dan e s mmwe liamraree by m— ——ma o Sy mae B )

The purpose of these tests js to determine the temperature rise in the

‘ ) . . A
vicintiy of ‘the drill bit during the drilling of solid basalt.

Equiﬁment:

A. Drilling:

| 1. Blacg and becker rotaiy peréﬁssive power‘héad.
2. Two 5ec£ions of boron reinforced drill stem.

~ 3. Two sections of fiber glass drill stem feinforced.with axially

alignad glass fibers.

% i '.i - 4, . One solid~faced 1.027" diameter drill bit.~
g R J} | 5. Oﬁe éoring bit (badly'daﬁaged) 1.027" in diameter.
: h 6. One block‘of denseubasalt; | | k |
E f g ' B. ,Temperatufe‘meésurément:

l. Three copﬁermcoﬁstruction thermocouples.
. é._ One ice bath, '
: ‘3; _0new;e;mina1 boarq”and rotary swi§éh.'

’ 4.'Ice-bath for refgreﬁce juﬁc£ions5
5. insulated thermocouple mounting board.
Déscripéion:

Sce Figure 1. The three thermojunctions were mounted in a piece of

paperboard that is~attachad by a tape hinge td‘d'second'bOardg One of the
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boards had an indéntaﬁion to receive the end of the drxill: stem. Tﬁe inside
of the boards were covered by a thick soft 1/4'" thick paper insulation,
The’thermoc&uplés were mounted in such a way that‘wﬁen the drill stem was
in the indentation and'the boards closed together, the junctiops nide con=-
tact with the drill stem 1", 2", and 3" from the end of'thg'drill stem.
The junctions were coated with a heat sink compound.

The tefminal board and roﬁary switch allowed the thgrmoccupleé to be

switched one at a time into the Varian recoxdexr. Full scale on the record-

er equals about 200° C.-

Procedure:
~  Using the B & D powver head and the boron tube the hard basalt waé

arilléd for a given ddration of time (L to 4 minutes). 'After.coﬁplction
of the drilling period, the lower end of the bit was transferred to énd

enclosed in the thermojunction board. Ten second readings of each thermo-

couple were made for about.one minute,

Experimiat results:
' Table 1 shows the maximum temperatures reached by the three  thermo-

couples.,




TMEEI

Run Duration of lemperatureﬂbC at thermocouple locations relative
Number. | Drilling in |- to bottom of..the drill bit.
L - }'iint‘ltes e . . .‘ . . .1'. ................ 2" P .' .oy . .( ..... s 3][ PE
1 S T .47 T 82 L
L2 S 56 | 45 | . 451
3. | 2 66 . e . 38
Lo 4 {1 8 . .79 | 54
5% 2 68 B .Y R R

Corln bit used on this run.

" These results are plotted graphically in Figure 2.

Uncertainties.and erroxrs:

Near]y all erLoTS m;ll result in undelcstnuatxon of trué temperature.
The most:important,éauses of error are:

.1. Hea@ loss during the fransfer of ﬁhe drill from.the hole to the
thermocouélé,boérd.anﬁ the‘aQérége fhis transfer can be madebin‘aﬁout-s

seconids,.- Some earlier tests gave information about how rapidly the drill

stem end and solid-faced bit cool in dry air as a function of temperature.

TABLE 11
COOJlng rate of drlll in Stlll.alr'as a functlgn of tcmpefature
Inlulal Temperauurc C R . /At °C/sec.
' | 176° ¢ | ;,“j - 1 :f',’ 0,233
C120°.c oy I 70;;50
e . | L0100 .
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From the results in Table IL it is seen that the temperature drop dur-

ing the transfer was probably from 1 to 2° C.

)

2.. Poor contact betwegn the drill stem and the thermécéuples:

: Aistroﬂg effort was made to assure good'conﬁatt. Thé thermo--
coup1e beads projected appro#iﬁately ;/4” ffoﬁ the insﬁlation'so that wheﬁ
the.driii.Stem Waé_inserted; thgy would bé sprinévloaAéd“againét it. Se§~-
ondly, a silicog heat sink éomﬁoﬁnd Qaé_dabbed onveach:thgrmoéouﬁie-ta de~'
crease the éonfact'resistanée{" o
Good contact during‘a.éest fun.douldlbe determined'in two ways. .a}7
The témperatﬁ;e tfaée.obtéined vas ;feadj;fand b)‘Tﬁe silicon heat-—sink
compound left.g good smear ;n fhe,drill stem., When'q%erating prope:1y,
efro?g iﬁtronCed'in this way aré éroBabiy‘lesé than ;ié_c,'

. éhe‘error éfltémpera£u£c méégureméﬁt with-therthérgdéouples béseé on
tests in ice water and boiling-Water are nofmbre fhan iZfLC}
| Thus we coﬂéludé that” at moSt,the'éempeiatqresidetérmihéd:for;thg d%ill

bit are underestimated by no more than '5° C.'.

Disqussion:‘
‘ Drillxbié tempéfatu%e during drilling;:

- Tﬁérmojunction'#B'is placed so that it measures éhe teﬁperéture
at the steel iﬁéertrthat hoids the central carbide blade: The temperature
‘;iSe at.this 1o¢étibnkis seén'tg bé}roughly;propo;#ionél'té drilling time
éétef an initial fapid rise. . After £hréc minutes the rate of rise of

teiparature is approximately 10° C per minute and after five minutes would

reacn about 105° C when errors are accounted for.

T L R S L




" Thermojunction #2-is located so that it measures the temperature at

the threaded joint between the drill bit and the stem. In the solid-faced-

bit this:pdint is very well coupled thermally to the steel'insertJ Thus

2
i

the temperatures at this Roint follow those of thermojunction i3 very well -

and appears it would reach a maximum of 95° C after five minutes of .drill~

ing in dense basalt.

Thermojunction -#1 is placed to measure the temperature of. the titanium
drill stem oné inch'above the tﬁ;eaded cotpling. The temperature at this
point appears to rise much less rapidly and.would reach a maximum of 70° C

1

- after five minutes of drilling. Lo

One test using a coring bit was run for two minutes. - The temperatures
measured ‘are shown as squares in Figuré 2. Except for thermojunction #1

the results are very nearly the éaméfdé-with tﬁg‘solid*faced bit,. . This
result was unexpected since it was anticipated.that large thermal mass of

ﬁhe.solidufaced bit would fesultfin substantially lower~tempefatureg, Hosw=

ever, it appears that this effect is offset by the lesser amount of work

done and the heat absorbed by the remaining internal rock core.

Additional'cohsiderqtions:. o S L .
" Although the cutting of rock in the drilling is the most important

source of heat, a large amount of heat is also produced at joints due to

. ‘mechanical mismatches particularly mismatches in elastic properties. Thus

at joints where the fiber-glass tube or stem dis bonded to a metal insert,

a great deal of stress working occurs and significant tempexrature rises.

. ‘ . - ’ | ' " . ) | s ’ ‘. ) . 3 i ‘»»Hf’ .
" result. Above certain temperatures this process becomes "run away' since

the epoxy fiber glass.begins to lose its elastic modulus and increased
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i ; . wotking and heating-teéults.~‘Tﬁis process resulted in failure at two bﬁgd~’

ed joints during the testing d_escribédhe.re.~ In both caseé,tﬁe bond broke

ddwn due:po high éemperatgres. 1He bonding mqterlal. loses its st*engtn at
temperatures greater than 70° C. . : .".2

Several steps can be taken to minimize the above dangers,

l.. Remove any bonded joint-at least 2 inches from the coupling with

the dxill bit to avoid temperature ri'e from heat conducted up from bit

face. - g . o ,’

2. At each joint try to avoid mechanical fnismatches to whatever ex-

tent poss 1b e by matching elastic properties and mass pér unit length’.

-~ closely across the joint. -This may be a major problem of designing the
adapter.’

3. Usc epoxy compounas and bond;ng agents that recain th ir stren

gth
at’ temperaturés up to\150° C at all joints.»
. 4.  Use c1rcumferent1al wxaps to ladldll" s;rengtheﬁ bOﬂded joints.
--Recommendation: The body of the ad apt r being built for the.boron
filament drill stem should have the following dimensions.
] l /_l - 2 P iiie ! >
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