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This invention relates to dcvi:a for burrowing_ Inte
s0i] formations and, more paricularly, 10 an auges-type
s0il penctrometer. . :
The inveniion dewcrined herein was made in the per-
formance of work under NASA coatract and §s.subject to
the provivnns of the National Acronautics :nd Space Act
of 1938, Pudlic Law 85-568 (72 Stal. 426
2451). av amended.

Augertype soil penctrometers are known. Bxbwls
auger-lype penctromelers have the commnn characieriviv g
that the auger Is coupled to the tower end of 3 subvan. ~
tially rigid rotatable membder or drive shaft. In view of
the rigidity of the drive shaft, the auger can be mowed
only along a line corresponding to the initial Jirection
of the shaft at the surface of the soil. Aceordingly, such
penclrometcrs can be used to obtain il characteristic
measnrements only to the depth to which the nuger can
be driven along a substantially straight line. If the avger
should encounter a buricd boulder, for example, the
tigidity of the drive shaft doey not permit the auger to
deviate from its basic predetermined path.

This invention provides a svil penctrometer which has
the fcature that the auper, while Initially mcving along a
predeleemined path, may deviate from such path when
the auper encounters a buried boulder cr the like. Accord-
" ingly., the depth 10 which this penetromeier may be used
is not limited dy. the existence of buricd boulders and
.oither local impediments to the movenxnt of the auger
through the so0il. Moreover, the penctromcter fs not re-
stricted to deriving soil characteristic data solkly from
the torque required 1o drive the auger. Accordingly, in-
creased information about the 30il through which the auger
maves may be obtained.

Generally speaking, this invention provides apparatus
" for burrowinz into the earth. The appacatss includes an
cloagate coiladble torque transmitting member and coiling
mecans for the torque transmitting member at one end of
the member. An auger is connectéd 1o the other end of
the torque transmitting member 30 a3 o be driven in
response to rotation of the torque transmilting member.
A base Is alwo provided. Support means for the coiling
means are mounted 1o the base for sotation relative to
the base. The torque transmilling member extends. from
the coiliag means 10 the avper along the axiv about which

; 42 U.S.C..

: . 2 :
. FIG. § is a crossscctional ekevation view taken aloag
lines 5—S$ of FIG. 3.

FIG. l\:nnam'lmmetcru.l‘wmmw
compriving a presently preferred embodiment of this in-

5 wveation. The penctrometer inclndes 3 base 11 b:mg s

Lotirontal potiion 13 engaped with the surface of a' sodl
formation. 13 in which measurements of soil charnctern-.
tics are to be made. The base member also has a vertical
portion .14. The ground engaging portion of the tase

10 wmmhmallswwl’!mﬂaﬂ

23 into the soil formation.

An clongated, fexible and ctilable torque transmision
shaft 18 has one of its ends connected 10 & rotatadle
drum 19. The ficsidble shaft pufcrably Is constructed of

15 several concantric, tightly wound. wire coily, alternate

coils being wound in opponite directions as shown in FIG.
$ relative to shaft 74. Such flexible lorque transmitting

" shafts are known and, therefore, shaft 18 b» not illus-

trated in greater detail. Drum 19 defines a sir gle helical
20 groove 20 around and along its exterior surface to re-
ceive whmmully the entire fengih of the Rexible shaft.
The drum comprises coiling means for the flexible shaft.

The fieaible shaft passes from drum 19 through opea-
ing 15 10 the upper end of the body 22 of an auger 23

23 having a helizal auger blade 24 secured to and wound

arvund the exterior of the auger body. The lower end of -
the auger body is pointed. The auger {s constructed so °

that it cither advances through, or retracts itself 1o,
soil with which it is engaged, depending upon the diree-

30 tion of rotation of fleaible shaft 38.

Shafe coiling and storape drum. 19 b moumed on o
horiznnially disposed shalt 28. The drum is mounted to
the shaft so that the drum and shaft rotate together and
so that the drum may move axially along the shaft, Axial -

33 movement of the drum alorg shaft 28 is produced by the

cooperation of fiexible shait 18 with helical grooves 20
as the drum Is rolated to reel in or pay out the flexidble
shaft in accord with axial movement of the auger.

The drum s rotatably mounted at its opposite ends in

40 3 support member 26. The support member is In turn

rolatably mounted In a frame 37 which is mounted ia .
cantilever fashion to the vertical portion of base 11. The
support member has upper and lower axles 28 and 29,
respectively, which are rotatably mou-sied tu the frame.

45 The support member anles are aligned along a vertical

oxis 30 about which the support member is rotatable
1clative 1o the base. Axle 29 is axially bored at 31 30
that the fleaible shaft 18 may be passed through it -
to the auger. A guide tube 32 for the flexible shaft is

50 mounted 10 the lower axle and extends from bore 38

into subsantial tangency with drum 19 to gum the flex-
ible shaft into registry with groove 20. .

Frame 27 is mounted to base 11 at its upper end by’

tud
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: o b . link 34 pivotally connected at its ite ends to the
thz support means is rotatable relative i the base. The 53 2 F y opnos s
apparatus also includes drive means cou-led 1o the sup-  [13me and 10 the bise member, respectively. The frame
‘port means operabie 1o rotate the >07pIn mcans about is mounted a! its lower end to the base by a flexvre aim
$3id axis 10 rotate the torque Lraosmitizg member, there- 35. One end of the flexure arm is puvoully coanecied 0
by *o drive the avger. the [rame: the other end of the fiexure arm is rigidly con-

The abuve-menlioned ard other featurss of the present ep ":s.“«:otolxﬁe:a:mm ‘m;h::m to “:
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_inventicn are more fully set forth ia the following de-
taiied descnpuon of the invention, wkich da:xip(ion is

."}'
é)
&

. »pne,cntcd in oon;noanon ruh the accompapying draw-
ings, wherein:

“FI1G. lnacrms—sed:nalcl:vwonvxwofawﬂ
penetromicter acoordiag to Liis invention; :

FIG. 2 is an elevatioa view, vn.h;ansomnd takea
-along line 22 o{ FIG. I} ;

. FIG 3xsacross-scmonaldenu0nmwofanother
- . soil penetroracter accordiag to this invention;
© FIG. 4 5 a cross-sectioma! clcv:monvx:wtakznalon,,

‘linsS——tofHGBand

. fizxure arm’3$ is relatively unstressed. The sprins i dis--

posed around a '(ekscoping post assemb'y 37 which pre-
vents buckling of the spring. ’

Penetromicter 19 includes means for rom g thc sup-
port meriber relative to the base. A motor plate 39

-0 rot::'-"ly mounted 19 support member axle 29 above the :

low*r exicaf of the frame. An electric motor 49 is -
mcuated to the molor plate and- depends through an

.Afv -
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sccuredtouk!’a.\m the mctor plate. The motor
piate is held suosta=cally stationary relative to the frame
by a force gage avembly 48. Force gage assembdly 48
uumﬂulothepzmwm‘-nml’l(i.llm’
permits only slizht retative movement between the mator
plite and the frame The force gaze assembly. however,

includes a pair cf weings (not shown) which urpe the-

motor plate into a scemal or reference pmmon angularly.
relative to the frame. The force gage assembly is provided
to continucinly measce the torque impaited to flexible
shaft 18 1o drive e ancr in respor-e 1o rotation of the
sapport member. Opesacion of motor 4€ produces rotation

. of support member 26 ahout axis 30 so that the ficxible

shaft s rotated to &rrwe the auger.

Soil penctrometer 10 also includes means for reeling
the ficxible shaft 1o and from drum 19 and for maintain-
ing the fleaible shat in 1ension as the auger is rotated.
Aa clectric motor 46 i mounted 10 the drum support

member below the &om. The motor has a rotatable out-

3319052 - . .
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put shaft (not shown) which extends horsizontally parallel -

shaft of a frictioa-type adjustabke slip clutch 47 which
has 2 rotatadle, boriearmtally extending output shaft 48,
A pinion gear is secared to sha’t 48 and is engaged with

a spur gear 49 secwred 10 drum shaft 28,

As the fiexible siuft ¥ rotated by opsrtaion of moter
48 to advance the amper through soil formation 13, the
flexible shaft is urped 30 unreel from drum 19 at the same
rale at which the smpar advances. Motor 46 Is orerated
10 rotale drum 19 & Yhe direction of flexible shaft pay-
out, but at a rate which, if the drum were positively
linked i0 the motor. would drive the drum at a slower

rate. The torque imyaoned upon the drum by mutor 46
via slip clutch 47, bowever, is-less than the torque im-

posed upon the drzm by the tension in the flexible shaft.
Accordingly, the chach slips and shaft 43 overruns the
motor shaft. The sb@ cluich, however, imposes.a drag

upon the drum so @t the fexible shaft is kept under.

-~ 19 shaft 28, The motar oulput shaft comprises the input -

23

30

40

tension as the auger s advanced. The amount of the drag .-

imposed upon the &ram is determined by the adjustment
of the slip clutch. Iz & desired that tension be maintained
on the flexible shaty as the auger is advanced to provide
a guiding drag u;on the anger and to prevent the fexible
shaft from lwunng drelf into knou as a result of the
torque developed in

Tension s ako mxmmained in the ficxible shaft when
the flexible shaft is senmed in the opposite dircction to
recover the auger. In this case, tension is desired to
geovide a guiding puill oa the auger and to prevent the
shaft from twisting =Y into knots. When the auger is
being rotated 1o cauwe Z to back out of soil formation 13,
drum drive motor €8 s operated to cause the drum to
reel in the flexinte staft. Motor 46 is operated at a rate
which, but for ship cimch 47, would cavse the flexible
shaft 10 be recled im a2 a rate greater than the rate of
mavement of the aoper. The slippage provided by the slip
clutch, however, permsizs the drum to reel in the flexible
shaft allhel’a!eztt“:ﬁd:lhelugﬂbnrrmom of the
soil formation. The seming of the slip clutch determines
the amount of tensicm imposed upon the flexible shaft,

Penctrometer 16 is intrumenied so that measurements
of the characteristes of the soil through which the avger
passes may be ottizmed As noled above, a force gage

43
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. assembly 45 is couriizd 1> molor plate 39 for measuring -

the torque imparted & the auvger; it will be understood, - -

bowever, Uhat the torgne delivered to the auger may be

mmsuredaxlhemg::xfdcsmimpe.ﬂmmu'rabof _
70

includes means for-amz2<uring the tension in the flexible

shszApmo{eb::nrmmgzgesSIarebonﬂcdto.

the upper and lowey surfaces, respectively, of flexure
member 35. As rotza ahovE, frame 27 has a prodeter-
mined positicn relaive 10 l:ascfll in .which the flexure
member, or at keast the Mrain zages secured to the Sexure

o r - : 3 . - 4 “
-’ opening 41 in the frame. The motor hae an vpwardly mw.mmmd.?%qﬂnmguiseapgﬂm
exiending output shaft 42 to which a pirion gear 43 s the soil formaticn and tension is imparted 1o the flexible
sccurzd for copacreem with 2 sjur pear 44 which is shaft. the frame is moved toward the base and the flex-

ure member is deformed. The deformation of the flexure -
unmbctnwrrorxom'wlbelmmlbeﬂexihk
shaft. The strain gages, therefore, comprise 3 means for
measusing this tensioa.

The penctrcmeter abo includes means for relating the
meawwrements of torque delivered to the auger and of

temion. in the fiexible shaft to the posiion of-the anger -~

in the soil formation. A muhi-tum potentiomeier S48 Is
coupled 10 onc end of drum shaft 25, The output of the
potcnilometet iv directly iclated to the amount of flexi-

tle shaft m)cd-out from the drum and thus is a mecasure -

of the posmon of the auper in the soi] formation. Frame
axle 28 carries three slip trings $ to which are ooaoedcd.

respectively, the opposite ends of the potentiometer wiper. -

The slip rings cooperate with wiper brushes which extend

from a yupporting housing £6 mounted to frame 27. Axle -

28 also carrics slip rings 57 by whscb electrical power

is supplied to metor 46,

To assure that auzer 23 is properly engaged with soll
formation 13 as opcration of penctrometer 10 §s com-
menced, an auger g\m!c aswembly 59 i mounted to sup-
port remier 26. The auger guide assembly includes a
hollow tude 60 secured to the lower end of support mem-
ber axle 29 below frame 27, Tube €8 Is dispored con-
centric to axis 30 and has an open lower end defining an

inwardly extending peripheral flange §1. A hollow tube -

62 is slidubly mounted In tube 60 for telescoping move-
ment along axis 30 relative 1o tube 60. Tube 61 has an
outwardly exlcndmg circumferential fiange 63 at'its upper
end which is engageabdle with flange 61 to prevent disen-
gagement of the tubes. The inner diameter of the inner
tube is sized to reccive the uprer end of auger body 22,

In the drowing the dittance between frame 27 and base

portion 11 has been foreshortened for purposes of com«
pactness of illustration; workers skilled in the art will

“appreciate that the penetrometer is constructed so that

the pointed lower ‘end of the auger lies above the bottom

surface of the base when the auger js flly retracted.

Another soil pénetrometer 70 according to this inven-
tion is shown In FIGS. 3-5. The penctrometer includes
a base 71 (similar to base 11), a frame 72 (similar to
frame 27), and a support member 73, The penctrometer
also includes an clongated, flexible and coilable torque
transmission shaft 73 which is lile shaft 18. One end
of the flexible shaft is connected to a shaft storage and
reeling cage 78 and the other end of the fiexible shaft s
secured to the upper end of an auger (not shown but
like auger 23).

Cage 75 is hollow and has a conical lower end 76 and
a cylindrical upper end 77. Shaft 74 is connected to the
cage so that as the cage is rotated about a vertical axis
74 of the penctrometer, the shaft is coiizd around the
interior of the upper end of the cage. The sage is s>cured
to support member 73 so that the cage is mounted for
rotation with the support member relative to the base,

The support member has a downwardly extending
axially bored axle 79 which is rotalably mounted to

frame 72 concentric to axis 78. The upper end cf the '

cags is rotalably mounted -to the frame along the axis
by a potentiometer housing 80 secured to the upper end
of the caze and by a shaft 81 cngaged between the frame
and thehommg.'l’be{mme,mmrn.smounudtotbe
base for limited arial movemsnt along axis 78 by a link
34, a flexure memoer 35 andaspnngS‘.‘lbebasede-
fines an op:ning 15 through it slong axis 73 so that the

_ avger may be engaged with soil fo:muon 13 on which R
the base is supported. .
Adjacent the lower end of cage 75, the suppon mem-

ber carri¢s z ‘spur gear 83 concentric to.axis 78. The

- spur gear is engaged with a worm gear 84 (see FIG. 4)

I

wkich is mounted to the octpui shaft 85 of an electric

‘miotor 86. Motor 86 is mountsd to a molor plate 92,
Shaft €5 at opposite ends of the wonm gear is mounted -
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Operation of the motor rotates the support meber and

lheczgeaboutamnsolhnlheﬂznole:haftnmmd'

to drive the auger.

Penctrometer 70, like penctrometer 10, includes a
force gage asvembly 99 for measuring the torque im-
parted 10 flexible shaft 18 to drive the auger. The bear-
ing which journals the cod of shaft 88 cppsite from
motor 86 is mounted by a pedostai 91 to motor plate
92 which is slidably mounted to the frame, as by a dove-

10

tai! connection, for example, for lincar movement rela- -

tive to the frams in the piane of spur gear 83. Motor 86
is also mounted w0 the moior plate. Intermediate the
bearing and the motor plate, pedestal 91 defines a hole
93 through it parallel to the line of movement of the

molor. plate relative to the frame. A guide pin 94 Is-

passed through hole 93 and is mounted at its opposite
ends to respective ones of a pair of brackets 95 which
are fixed to frame 72. A compression spring 96 Is disposed
around pin 94 between the pedestal and each bracket,

" The springs urpe the motor plate into a sélected position

relative to the frame. The niotor plate carries the arma-
ture 97 of a differential transformer 98 which has fte
primary winding 99 and its secondary windings 100 fixed
rclative to the frame. Depending upon the amount and
dircction of the torque imparted to the flexible shaft by
opcration of motor 86, the motor -plate moves in one
direction or the other relative to the framie from the
normal position of the motor plate. This movement {s
proportional to the torque which Is delivercd to the
auger, The output of the diflerentiat lnmsformcr. there.
fore, is a measure of this torque,

Workers skilled in the art to which this invention re-
Intes will appreciate that some mechanism other than a
diffciential transformer may be used to measure the
torque delivered to the auger, if desired. For example,
strain gages may be used in conjunction with a strein
mcmber coupled between the motor plate and the frame,
Alternatively, motor 86 may be fixed directly to the frome

and the power rcquired to operate the motor at a given

spced may be used as a measure of the torque delivered
to the auger. The use of a differential transformer hus
been described and shown mercly for the purposes of
illustratioa and example,

Pencirometer 70 also includes means for reeling the

“flexible shaft to and from cage 78 and for maintaining

the flexible shaft in tension as the auger is rotated so
that the maximum torque transmitting capacity of the
flexible shaft is wtilized, A drive pulley 104 for the
ficxible shaft is disposed in a chamber 108 in support
member 73 so that the drive pullcy is oriented in a plane
parallel to axis 76 and is engaged with the flexible shaft
along the length thereof which passes through an axial
bore 106 through the support member. The pulley co-
operates with an idler wheel 107 which is rotatably
mounted in chamber 105 for engagement with the side of
ths flexible shaft oprosite from the drive pulley. The
drive pulley is secured o a shaf: 108 which is the output
shaft of a friction-type slip ciutch device 169, The slip
clutch has as_its input the rotatable output shaft (not
shown) of an clectric ‘moto- 110 (see FIG. S). Motor
110 is operated to drive puliey 104 in the same manoer
that motor 4§ is operated to drive drum 19 to maint2in
tension in flexible shaft 74, regardlcss of the direction
ofmlauonoltheﬂen’bleshaﬁandregardlcssoflhe
boredmm:. of movement of the flexible shaft through
10

An auger receiver and guide assem.,., 59 n aooo:d’

-
&
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llnm—cdbytbeoutpu!ofamuln«twnm
eter 110 which is mounted within bousing 89 to the upper
endofagﬂmunloam?l(«mm
the cage. The wiper of tbemanmelanocmd
10 a rotatable shaft 111 which extends from the potessi-

“omcter into the. cage along atis 78, A Sexidle shaft fol-

Jlower arm 112 is connected 1o the shaft in the cage for
rotation with the shaft. The follower arm is engaged with
the flexible shaft. As the flexible shalt is reeled into of

n out of the cage, ¢ev:a during rotation of the cage to rotade

the flexidble shaft, the foliower arm, by reawa of s
engagement with the flexible shaft. is rotated relatice t0
the cage. Since the fciidle shaft is coiled for storage
within the cylindrical uyper end of the cage, the rotat'oa

_of shaflt 111 is directly related 10 the depth of the acper

in thé soil formation. Tr.u th: output of polcatiometer
110 is 3 mcavure of the depth of the auger.

Thre= slip rings 114 2re mounted to the exterior of
housing 80 and cooperates with s lite number of brushes
118 ulnch citend {rom a brush holder 116 mounted to
‘the upper end of frame 72. Respective oncs of slip rings
114 are conductively connzcted by wires (not shown)
to the opporite ends of the potentiometer winding and

- 1o the poicntiometer wiper. Three additional slip rings

25

30
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117 are mounted to housing 80 for coopertaion with a
like number of brushes 118; thew slip rings are con-
ductively connected to the input tetminals of motor 116

Penctrometers 10 and 70 or: opcrated in similar
manners to obtain data from which certain characteristics
of soil formation 13 may be infcrred. The penclrometer
Is disposed over a desired.location of the soil formations
as noted above, at this time the auger Iy fully retracied so0
that its lower end is above the betiom surface of pene-
trometer base 11. Motore 40 and 46 (or motors 86 and
310) are operated to rotate tha fleaible shaft and to pay

" the flexible shalt from its cc.ling means, As the flexible

40

43

85

60

with the foregoing description, is secured to the lower -

cndofsupponmcmbernbelowﬁamenconcenmc
to axis 78.

) Astmngachlnsbcndedtoachofthenmand.
lower surfaces of flexure member 35 for measuring the

tcmmn impased upoa fiexible shaft 74.

shaft §s payed ott, auger recciver and guide assembly 59
guidcs the auger along axis 30 (or axis 78) into eagage-
ment with the soil formation. The auger Is kept in contact
with the guide asseaibly Jong enough to dssure that the
auger commences its movement through the soil forma-
tion along an imaginary extension of the axis of rotatica
of the support member; therealter the drag or tension ks
the ficxidle shaft serves to maintain the suszr along such
a path until a buried boulder of the like is encountered
by the nuger. In the event the auger encoun’ess 3 boulder
or other localired impediment to lts further progress
along axis 30 or 78, the auger insy foliow along the
normally curved surface of the boulder until it has moved
1o the side of the boulder. The auger may then comtinag
1o burrow downwardly past the boulder, eithough it may
now follon a path which lies »t an angle to its pxh
befote the boulder was encountered,

As described above, the penctrometer b Instnunentad
so that measurements of the torque delivered to the

flexible shaft, and thus to (he auger, are continucusly ¢o= -

tained. Also, measurements of the irstantancous depth
of the auger in the soil formation are continuuusly ob-
tained via the potentiometer coupled to the fexidie shafd
coiling means; these measurerents are sls~ useful to jo-
dicate the rote of advence of the auger. From a knowledge
of the torque required to Jrive an auger of known ckar-
acteristics through a soil [oro=ition at 8 particular rate,
the load bearing and des-sity .'m.cteristics of the ol
may be determined. Mor:over, ihe shear strength of »' @
soil at any depth may be c:terri.:d by stopping rotasi-a
of the flexible shaft and priig upwandly on the flexits

shaft uniil the anger rwoves axially in 1te soil. The sogzx .
is pulled upwardly by positively lockisg slip cetch 37 -

(or 169) to motor 46 (or 110) and ircre.asing the gower

.to the flexible shaft tensionirg and reeliig raotor. The

pull on the flexible shaft is measured by strzin gages 51
asthecoﬂinganddmeascmblyz:.rcsrdznvetoﬁg

" The instantansous depth of the anger in soil formation 75 bate from which it is cantilevered. Th:eafier. rotation

uid.
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of the Bexitie shaft myhmndlodrmlhem
10 a deeper bocation in the soil formration.

The 2uper mey be recovered from the soil formation
merely by revenning the operation of motors 42 and 46,
or motars 86 and 110, as the case may be.

As shown ia FIG. $. 3 fiexible shaft fabricated of
several concentric spirally wound wires (adjacent spirals
beiag wound in opposite dircctions) has a hollow core
fassape 120, The flieaible shaft, therefore, may be tewed.
as a corduit for electriczl conducton from the auper to
the ficzible shaft coilirs and storage means. Acceedingly,
i de-ired. the tomue dclivered 1o 1he auger and the ten-
sion on the fleaibie shaflt may be meawred at the auger
merely by equipping the auger with svitable instrument
tranmduacers desicnied 10 sente such quaniitics. Such trans-
ducers are within the prosent state of the instrumentation
art and form no part of the prescnt invention Der se and
thus such an sltcrnatise to the abovedsscribed structure
is not i'lustrated, although the means whereby such an
aliernative may be accomiplivhed will be readily spparent
to markers slilied in the art to which the present inven-

tion relates. It is only necessary o provide additional slip

ring and bruth combinations in the electrical connection
of the coiling means support member to the frame so that
signals from the transducers may be obtained at the lmme
or the baw of the peneirometer.,

Morcover, if desired, the super may be equipped with
additional tranulucers and measuring devices whereby ad.
ditional measurements of desired charncteristics of the
soil formation may be obtained. For example, thermo-
ccuples, madiation counters. moisture sensory, magnetic
sensors and the like may be housed in auzer body 22,
and the corductors by which the output signals of such
devices are supplicd 10 the surface of the soil formation
may be paued thiough cors passage 120 of the fexible
shaft. A penctrometer augmented with such instrunients
Is useful in prospecting for minerals or water, as well as in
ot‘miir:.ing measurements of lhe slruc(ural characteristics
of sol

The Enstrumentation of penctrometers 10 and 70 for
measurirg torque and tension in the flexible shafts there-
of may be eliminated wheré it is desired 0 provide op-
paratus for burrowing Into a soil formation to provide an
anchor in soils or in soils under water. la view of this
uulny of structure according to this invention, and also
in view of the Tugged construction of such structures, it
is apparent that the invention may be weful in manned
and unmanned explorations of the moon, for example,
Apparatus instrumented in accord with the forepoing
description may be included In a space vehicle designed
for 8 soft (ie., non-destructve) Imdmg on the moon.
The tuper may be operated 10 cuase it to burrow into
the Tuar soil 50 that measurements of certain characteris.
tics of the soil may be obtained. The output signals from

the instruments in the spparatus can be apphcd oa 353

‘Aclemetry system in the vehicle for transmission to earth
for imerprcmm and analysis. After the auger has bur-
rowed into the lunar soil, it may serve as an anchor so
that the vehicle. becomes a stable platform upea which
or from which other experiments; such as seitmological
experiments may be conducted.

From the forepoing, it is apparent that this invention
provides a versatile, rugged and effective apparalus for.

brrrowing into a soil formation. The invention may" be

. uzed forany one of o number of wrposa,demdmg upon
- ‘whether and how it is u‘stmmeuxcd. The invention hag
" been décrided ab:ve in the context of a soil penetrom-

eter, bt sach a Jorm of the invention has been selected

; mcrdy for the purpases of explanation ard example to
.loone shﬂedmlheantow.nchlhcmvcuuonrda!cs.Sud)
. woikers will readily appreciate the true scepe of the-in-

venlion and will understand that zlierations »nd modifica-

" tioas may bs made in the st-uctures above-described with-

out depariing from the true scopz. of the inveniicn. Ar-
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procecures decrived. and v not 1o be rosiricied o the
M;«t{nndcnbw.mctnsxkdcdtwnm :

herein,
W2t i claimed 12

1. Aprarats for b—mv-wg in‘o a sodl formaucncom :

privicg:
(2) an edoazate coilable torgre Iramumitting membet. -

" (b) coling meam for ihe torque tranumitting memnber. o

. 3t ore ead of the torque tramamitling . member,:
{(c) 32 acyer coancatdd 10 the adhcr end of the torque
tomamitiing member 10 be driven in respotac 10 ro-
tatica of the torgue trammilung member,

(d) 2 hase 2dapal to e um\:ﬂcdon lbe surface of

sod formation,

() sapoort means for the coiling mcans movnted 10

“the tas: for rotation relotive (0 the base,

the lorque trammitting member extexding from -
" the cotling means to the svgsr along the axis

adout which the support mcans is rotatable rclas
tive 1o the hase, and

() drive meam coupled 1o the support means o

cradde to rotate tbe support mcans about said axis
to rotaie the torque transmitting member thereby
to drive the auper,

1 Apparatis acconding to chim 1 wherein the coiling
means comprises A hollow conically conﬁgurrd cage dise
posed above the base and aligred with said axis. the cape
h.nlrg s small end Jisposed downwardly and opening
alorg said asis,

3. Apparatins according to claim 2 whercin the support
n:cant includes a rotatable member mounted to the base
fcr rotation about sakd axis and disposed between the
bise ard the cage, the towcr end of the cape being sconred
to the rotatable member concenteic to said anis for rota-
tion with the rotatable member about raid axks. the rotat-
able memtxr defining a passage therethrough along said
axis through which the torque transmitting member ex-
tends from the cage to the auger, -

4. Apparatus according 10 claim 3 wherein the drive
mcans cumpeises A pear secured 10 the rotatable member
concentric to said asls, a motor mounted 1o the base and
havirg a rotatable ouiput shzft. and gear means intercon-
nected betucen the motor shaft and the gear for rotating

the gear and the rotataile member about said axis in

response o operation of the myotor.

S, Apperatus according to claim 3 Including means for
recling the torque transmitting member into and out of the
cage.

6. Apparatus according to claim 8 wherein the rrc!ing
means ixctudes a drive pulley rotatably mounted to the
rotatal ‘e member and engaged with the torque tramsenit-
lir.g member along said passage. an idlcr wheel engaged
with the torque transmitting orember and rotatubly mount-

¢d to the rotatable member opposite the torque trarsmit-: .
ting member fivm the dm_e pulicy, and a molor cougled - - .

10 the drive pulicy for rotaling the same.

7. Apratatus ‘eocondisg to clzim 6 includiag a slip

coupiing connected betneca the recling means motor ard
the drive puliey permitting relative motion tetween the

pullcy ard the motor so that the motor may be driven in -
the same Hrection as but dov-ct(hanndv::mrgmovo—-’ :

" ment of t22 avger as the torque Iransmitting member is

70

pesed oxt from the cage to maintain temion on the tormue -

transnitting member-as the auger is edvanced, and 5o 1A
the motos can be drivea in th: same direction but faster

than retreating moveryent €1 the auger as th2 torque trans- -~ -

mininz member is reeled into the cage to maintain teasion

on the torque transmittirg member as the avger is re-

covesol. . ’
8. Apparctus accordieg t0 clzim 1 wherein the coiling

means iscludes a drem mounted to the support means’

. for rotatine about a second axis rormal to the axis about

Sy

out ¢ which ths support means is rotatuble relathe to the - .
_ cordingly, it is to be undesstood jhut the inweation io- 75 base. e T
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9. Appanatus acconding 10 claim 8 wherein the drive

. eans inc-odes a gear secured 10 the sUpyOt mcans con-

centric to the axis of rotation of the suppoft meam. 3
moior moemcad 1o the base and having a2 retatatle output

shaft. a pear meams interconnccted between the rotor

shaft and the pear for rotating the gear in respome 10
operation of the motor.
IO Apparains according 10 claim 8 including means
for rectirg the torque tranwmitling member to0 and from

- the dram ang for maintaining tenvion on the tofque tram-

mitting member Curing reeliag thereof 1o ard from the
drum. ’

1L Apparatus according to claim 18 whercin the reel-
ing and scmioning meam includes a8 motor mounted o

the support mcam for rotation with the support means
relative to the base, the motor having a rotatable output
shaft and 3 slip coupling coanectad between the motor
shaft and the drum for rotating the drum in revponse to
operation of the moter ard for allowing the Srum to retate
at a rate d*flcrent from that corresponding 10 the opera-

~ tiomal rate of the motor in responce 0 loads impused

upon the drum.
1. Apparatus acconding to claim 1 including meam for
recling the torgue fransmitting member 1o and from the

-cwiling meam amd for maintaining the toryue trammiting

member in temion during rolation of the Jurgue Bans.
miiting member. .
13. Apparatus acvording to claim 1 Inchuding mcans

3,379,052
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14. Apparatcy according to claim 1 ircloding mzans
for mexuring the torgue imparted to the torgoe trans-
mittieg thember,
- 18, Apparatus according to claim 14 mdn!ing means

for recticg the lorque transmitting memier to and from -

the coling txcam and for maintaining the iorgue trans-
mitting member in temion during rotation thereof, and
mean coupkcd 1o the torque trammitting member oper-
able Juring rotztion thircof for mc:nuring the tension
thercin,

" 16 Apparztus according 10 claim 18 wkercin the torque
trammitting member comprises a fienible shz it and means

for continuowsly mcawring the amount of flexible shaft ~

reeled out from the coiling means,
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